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Introduction
In this contribution, we summarize all issues discussed on beam management and timings associated with beam-based operation for new SCSs to support NR from 52.6 GHz to 71 GHz in RAN#107-e.
Multiple QCL Assumptions for Multiple PDSCHs/PUSCHs
Multiple QCL assumptions based on timeDurationForQCL
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 5: For the single-TRP multi-PDSCH scheduling scenario when any scheduled PDSCH < timeDurationForQCL, multiple QCL assumptions are applied as per Rel-16
· This means that the following Rel-16 rule is applied for any PDSCH < timeDurationForQCL:
· The UE may assume that the DM-RS ports of a PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot relative to that PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.


	[FUTUREWEI, 2]
	Proposal 4: For Case 2 and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· This means that the following Rel-16 rule is applied for any PDSCHs < timeDurationForQCL:
· The UE may assume that the DM-RS ports of a PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot of the PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· For all PDSCH with scheduling offset ≥ timeDurationForQCL
· Apply single QCL assumption as supported in Case 1-1 and Case 1-2

Proposal 5: For Case-2 default single QCL assumption is derived based one of the following options:
· a configured value of the first scheduled PDSCH slot offset, i.e., a configured choice of the slot containing PDSCH with the smallest scheduling offset, is applied. The default QCL assumption derived for this PDSCH slot, is same as that specified in Rel. 15/16 for single-PDSCH scheduling when the scheduling offset is less than timeDurationForQCL.
· Modify Rel. 15/16 rule for single-PDSCH scheduling when the scheduling offset is less than timeDurationForQCL. The modification only applies the original rule over a pool of CORESETs that are further indicated to be valid for default beam determination. 
Proposal 6: Any PDSCH whose one or more symbols collide with semi-statically configured UL symbols can be disregarded for the purpose of QCL determination. 


	[ZTE/Sanechips, 4]
	Proposal 3: For the single TRP case, for multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Case 2-1: For each PDSCH with scheduling offset <  timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The UE may assume that the DM-RS ports of a PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot of the PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· Case 2-2: For each PDSCH with scheduling offset ≥   timeDurationForQCL 
· Apply single QCL assumption as supported in Case 1-1 and Case 1-2
· If tci-PresentInDCI is enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· If tci-PresentInDCI is not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
Observation 2: Regardless of S-DCI or multi-DCI based mechanism, multi-TRP can be transparent to multi-PDSCH scheduling (note: the ‘repetitionNumber’ scheme has been excluded).
Proposal 4: QCL acquisition for multi-PDSCH scheduling for multi-TRP can reuse the same method as specified for single-TRP.

	[Nokia/NSB, 5]
	Proposal 1: For PDSCH scheduling offset scheduled PDSCH < timeDurationForQCL
· Apply Rel-16 QCL assumption for each scheduled PDSCH, (i.e. default QCL assumption for PDSCHs less than threshold, following TCI state indicated for PDSCHx equal or larger than threshold.)
· Network ensure all PDSCHs by scheduled by single DCI having the same TCI/QCL assumption
Proposal 2: In multi-TRP case, support the same principle applied for single TRP QCL assumption for the multiple scheduled PDSCHs per TRP. 


	[CATT, 6]
	[bookmark: OLE_LINK23][bookmark: OLE_LINK33][bookmark: OLE_LINK28][bookmark: OLE_LINK34]Observation 3: For the case 2, two options could be selected for multi-PDSCH scheduled by single DCI, and they could achieve reception gain in different scenarios. The scenarios benefit to Alt1 could be easily satisfied by gNB scheduling. And considering UE complexity, Alt1 is preferred than Alt2. 
Proposal 4: When some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL and some have scheduling offset equal to or greater than timeDurationForQCL, “Single QCL assumption is applied for all scheduled PDSCHs” should be supported.

	[OPPO, 7]
	Proposal 3: if any PDSCH from the multi-PDSCHs scheduling does not satisfy the timeDurationForQCL threshold, the QCL assumption should follow the R16 default rule, i.e. to check back the TCI codepoints configuration. If all the scheduled PDSCHs are satisfied with the timeDurationForQCL threshold, the QCL assumption should follow the DCI indicated TCI state(s).

	[Sony, 8]
	Proposal 3	: For the case of single DCI scheduled multiple PDSCH of single-TRP, when any of the scheduled PDSCHs < timeDurationForQCL, UE applies the same default Rx beam from the 1st PDSCH to the last PDSCH.

	[Ericsson, 9]
	Proposal 1	Adopt the following high level principle for both single- and multi-TRP: If any PDSCH scheduled by the same DCI has offset < timeDurationForQCL, a single default QCL assumption is applied for all PDSCHs. The default QCL assumption does not vary over the time duration of the scheduled PDSCHs.
Proposal 2	Adopt the following unified approach for QCL indication for both single and multi-TRP
· For both single- and multi-TRP, if any PDSCH scheduled by the same DCI has offset < timeDurationForQCL, a default QCL assumption is applied for all PDSCHs
· The default QCL assumption for each PDSCH is according to the following, and applies regardless of whether or not tci-PresentInDCI is configured in the scheduling DCI: 
· For single TRP:
· The UE may assume that the DM-RS ports of each PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI state corresponding to the lowest codepoint among the TCI codepoints, where the TCI state is the one that is active in the slot corresponding to the first scheduled PDSCH 
· For single DCI, multi-TRP:
· The UE may assume that the DM-RS ports of each PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI state(s) corresponding to the lowest codepoint among the TCI codepoints, where the TCI state(s) are the one(s) that is(are) active in the slot corresponding to the first scheduled PDSCH
· For multi DCI, multi-TRP:
· The UE may assume that the DM-RS ports of each PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI state corresponding to the lowest codepoint among the TCI codepoints, where the TCI state is the one that is active in the slot corresponding to the first scheduled PDSCH associated with the value of coresetPoolIndex 
· Note: the above assumes that tci-PresentInDCI is configured in at least one configured CORESET or at least one configured CORESET in each CORESET pool.
Proposal 3	QCL indication for cross-carrier scheduling
· [bookmark: _Toc87008063]For cross-carrier multi-PDSCH scheduling for single-TRP operation, the following is supported:
· [bookmark: _Toc87008064]If the UE is not configured with enableDefaultBeamForCCS
· [bookmark: _Toc87008065]The UE expects that the PDSCH scheduling offset for all scheduled PDSCHs ≥ timeDurationForQCL
· [bookmark: _Toc87008066]If the UE is configured with enableDefaultBeamForCCS
· [bookmark: _Toc87008067]A default QCL assumption for single-PDSCH scheduling is applied for all scheduled PDSCHs when either or both of the following apply:
· [bookmark: _Toc87008068]The PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL
· [bookmark: _Toc87008069]The TCI field is absent from the scheduling DCI
· [bookmark: _Toc87008070]The default QCL assumption corresponds to the activated TCI state with the lowest ID applicable to the scheduled PDSCH in the active BWP of the scheduled cell where the activated TCI state is the one that is active in the slot corresponding to the first scheduled PDSCH. 
· [bookmark: _Toc87008071]FFS: Details for multi-TRP operation

	[Intel, 10]
	Proposal 4: For Case 2 when PDSCH scheduling offset is less than timeDuraionForQCL, the UE should apply the default QCL assumption, which corresponds to one of the semi-statically configured PDSCH TCI states for the UE, to all scheduled PDSCH transmissions, i.e., single QCL assumption.
Proposal 5: The default QCL assumption for multi-PDSCH transmission in Case 2, is the QCL parameter(s) (one per TRP in case of multi-TRP) associated with TCI state(s) corresponding to the lowest codepoint among the TCI codepoints containing activated TCI states.

	[Lenovo/MotM, 12]
	Observation 1: For NR operation between 52.6 GHz and 71 GHz, the new indicated common TCI state may not be applicable for the scheduled PDSCHs even the PDSCHs are received after the application time when the UE cannot switch it RX beams to the new indicated common TCI state between two continuous PDSCH transmissions 

Proposal 1: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support multiple default beams association for multiple PDSCHs scheduled by single DCI:
· PDCCH CORESET can be associated with multiple QCL assumptions (beams) that can be used to determine multiple default beams based on lowest CORESET ID
· Duration/applicability for each of the default beams can also be associated to allow UE to determine when to switch from one default beam to another during the duration of multiple PDSCH transmission

Proposal 2: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, if a UE is going to transmit a set of consecutive PUSCH transmissions including both dynamically scheduled PUSCH transmissions and CG-PUSCH transmissions, the UE can select the latest indicated UL Tx beam to transmit the consecutive UL CG and DG transmissions

	[NEC, 13]
	Proposal 1: For case 2 PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL, the current Rel-16 behavior can be directly extended to multiple-PDSCH scheduling, and Alt 2 multiple QCL assumption can be supported for multiple-PDSCH transmission.

	[Samsung, 14]
	Proposal 4: Support Alt-2 of Case 2 (multi QCL assumptions) and propose following:
For Case 2 and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL
· Multiple QCL assumptions are applied as per Rel-16 (Alt-2 of Case 2)
· This means that the following Rel-16 rule is applied
· PDSCH scheduling offset for all PDSCHs < timeDurationForQCL
· The UE may assume that the DM-RS ports of a PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot of the PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.

· PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL
· Follow TCI/QCL assumption indication rule in Case 1
Proposal 5: If beam switching gap is required, use indicated QCL assumption when an enough gap for beam switching is provided, otherwise keep default QCL assumption.

	[InterDigital, 15]
	Observation 3: More performance gain can be achieved by using an optimized beam indicated by a TCI state field in DCI rather than using a default beam.
Proposal 2: Support multiple QCL assumptions (Alt 2) when PDSCH scheduling offset for any PDSCH < timeDurationForQCL (Case 2).
Observation 4: When multiple PDSCHs are scheduled by a single DCI, suitable slot level or symbol level gaps between the scheduled PDSCHs could be used to switch the QCL assumption in between reception of the first and the last scheduled PDSCHs. 

	[Apple, 16]
	Proposal 2: Support a mechanism to allow a single QCL assumption at least for multi-PDSCH scheduled by a single DCI that have scheduling offset less than timeDurationForQCL.   
Proposal 3: A UE skips PDCCH monitoring for MOs within the multi-PDSCH duration that have scheduling offset less than timeDurationForQCL, if they have different QCL assumptions with the overlapped PDSCH. 

	[Convida, 17]
	Proposal 1:  Alt-2 (i.e. multiple QCL assumptions are applied) is preferred when the scheduling offset shorter than timeDurationForQCL for single DCI scheduling multi-PDSCH with single TRP.

	[LGE, 18]
	Proposal #3: If PDSCH scheduling offset for any of PDSCHs scheduled by a single DCI is less than timeDurationForQCL (i.e., Case 2), the single QCL assumption is applied for all scheduled PDSCHs and is determined based on the lowest index CORESET in the latest slot from the first valid PDSCH (which is not collided with semi-static UL symbols). UE does not expect that different QCL assumption is applied for any of the scheduled PDSCHs.
Proposal #4: In order to determine Case 1 (i.e., PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL) or Case 2 (PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL), only valid PDSCHs are taken into account and PDSCHs skipped due to collision with semi-static UL symbols are excluded.

	[NTT Docomo, 19]
	Proposal 3: For multi-PDSCH scheduled by single DCI for single TRP case, for the case that PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL
· For any PDSCH<timeDurationQCL, 
· UE assumes that the DM-RS ports of a PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot prior to the PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· For any PDSCH>=timeDurationQCL,
· the rule for case 1 will be applied.

	[Qualcomm, 20]
	Proposal 2: Support dedicated configuration of a single default PDSCH beam for better optimization flexibility.
· [bookmark: _Hlk83394674]gNB can dynamically update the default PDSCH beam via MAC-CE.

Proposal 3: In case of PDSCH scheduling offset for any scheduled PDSCH with offset < timeDurationForQCL, UE applies the single default PDSCH beam to remaining scheduled PDSCH with offset > timeDurationForQCL. 
· This is regardless of whether the indicated TCI state is same as the single default PDSCH beam or not.

Proposal 4: In case of mDCI mTRP for any scheduled PDSCH with offset < timeDurationForQCL, support a single default PDSCH beam applied to all PDSCHs scheduled by a DCI associated with a CORESET for a given CORESETPoolIndex.
· gNB can dynamically update the single default PDSCH beam per CORESETPoolIndex via MAC-CE.

Proposal 5: In case of sDCI mTRP for any scheduled PDSCH with offset < timeDurationForQCL, support the two default PDSCH beams defined in R16 to be applied to all PDSCHs scheduled by a DCI.

Proposal 6: Support new RRC parameter to indicate UE to follow either the R17 enhanced PDSCH default beam & QCL rule for multi-PDSCH scheduling or the corresponding R15/16 rule.
· The RRC parameter can be introduced separately for sTRP, sDCI mTRP, and mDCI mTRP.

	[MediaTek, 21]
	Proposal 2: For the reception of multi-PDSCHs scheduled by a single DCI within the duration specified by timeDurationForQCL, current Rel-15/16 default beam assumption for single TRP and multi-TRP scenarios should be applied accordingly.
· Single-TRP: 
· The default beam follows the TCI state corresponding to the lowest controlResourceSetId in the latest slot in which one or more CORESETs are monitored by the UE
· S-DCI M-TRP:
· The default beams follow the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· M-DCI M-TRP:
· The default beam for the PDSCH associated with a value of coresetPoolIndex follows the TCI state corresponding to the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH are monitored by the UE.



Summary of views
In RAN1#106-e, the following agreements on QCL assumptions of PDSCH for single TRP are agreed.
	Agreement:
For the single TRP case, for multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
· FFS: The multi-TRP case



Based on the above agreement, the following companies’ views are observed.
	#
	Issue
	Companies’ views

	1.1
	Whether to support single QCL assumption or multiple QCL assumptions for Case 2


	Single QCL assumption (Alt 1): CATT, Sony, Ericsson (before timeDurationForQCL), Intel, Apple, LGE, Qualcomm
· [CATT]: When some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL and some have scheduling offset equal to or greater than timeDurationForQCL, “Single QCL assumption is applied for all scheduled PDSCHs” should be supported.
· [Sony]: For the case of single DCI scheduled multiple PDSCH of single-TRP, when any of the scheduled PDSCHs < timeDurationForQCL, UE applies the same default Rx beam from the 1st PDSCH to the last PDSCH.
· [Intel]: The default QCL assumption for multi-PDSCH transmission in Case 2, is the QCL parameter(s) (one per TRP in case of multi-TRP) associated with TCI state(s) corresponding to the lowest codepoint among the TCI codepoints containing activated TCI states.
Details of single QCL assumption: 
· 1st PDSCH: Sony
· Lowest codepoint of TCI: Ericsson, Intel, 
· Skips PDCCH monitoring/no CORESET configuration: Apple, LGE
· Apply Rel.15/16 rule over a pool of configured CORESETs indicated as valid for default QCL assumption: Futurewei
· MAC CE: Qualcomm
Multiple QCL assumption (Alt 2): Huawei/HiSi, Futurewei (2nd), ZTE/Sanechips, Nokia/NSB, OPPO, Lenovo/MotM, NEC, Samsung, InterDigital, Convida, NTT Docomo, MediaTek, vivo
· [Huawei/HiSi]: For the single-TRP multi-PDSCH scheduling scenario when any scheduled PDSCH < timeDurationForQCL, multiple QCL assumptions are applied as per Rel-16
· [ZTE/Sanechips]: Multiple QCL assumptions are applied as per Rel-16
· [Samsung]: Multiple QCL assumptions are applied as per Rel-16 (Alt-2 of Case 2)



1st round discussion
Observation 1
The moderator observed majority support on multiple QCL assumption (16 companies) while few companies (7 companies) are still supporting single QCL assumption. In addition, while the companies supporting multiple QCL assumption propose a unified solution based on Rel-16 (a TCI state of a CORESET with a lowest CORESET ID in a latest slot), the companies supporting single QCL assumption propose various solutions (i.e., based on lowest TCI codepoint, MAC CE indication or a TCI state of 1st PDSCH). Given the situation, the moderator provides Proposal 1. Please note that details for any PDSCHs ≥ timeDurationForQCL are added based on the Proposal 5j of the FL summary in RAN1#106bis-e.

Proposal 1
For Case 2 and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for any PDSCHs < timeDurationForQCL:
· The UE may assume that the DM-RS ports of a PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot of the PDSCH in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· The following Rel-16 rule is applied for any PDSCHs ≥ timeDurationForQCL:
· tci-PresentInDCI enabled
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for the scheduled PDSCHs ≥ timeDurationForQCL
· tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for the scheduled PDSCHs ≥ timeDurationForQCL

	Company
	Input

	Futurewei
	We have updated moderator summary to capture our single-QCL assumption proposal. As described in our contribution our proposal allows setting single QCL assumption to be that of a monitored CORESET and does not entail strict restrictions on CORESET configurations. 

	vivo
	It seems our proposal 1 in [3] (copied below) was not captured in section 2.1.1 and our view was not reflected in the summary in section 2.1.2.
Proposal 1: For case2, multiple QCL assumptions are applied. That is, for PDSCHs< timeDurationForQCL, QCL assumptions are applied as per Rel-16; for PDSCHs≥ timeDurationForQCL, QCL assumption is based on the indicated code point.

We added our positioning to the summary in section 2.1.2. 
We support Proposal 1.

	LG Electronics
	We still think single QCL assumption is enough for multiple PDSCHs scheduled by a single DCI. gNB can ensure not to change CORESET beam between scheduled PDSCHs.
However, at the same time, we understand Moderators’ point of view. If majority view prefers multiple QCL assumptions, we could accept Proposal 1.

	Ericsson
	We think this proposal is too complicated. Furthermore, for the case of tci-PrsentInDCI not configured, the proposal still leaves it undefined what the single QCL assumption is.
In Rel-16, there was more effort put into determining a single default QCL assumption, e.g., for the case of sDCI mTRP for the case of the UE configured with repetitionNumber. We think that this is the closest analogy to multi-PDSCH scheduling, and hence a similar approach should be followed. The relevant extract from 38.214 Section 5.1.5 is as follows:
[bookmark: _Hlk55126218][bookmark: _Hlk54797144]If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers)

For multi-PDSCH, we think that the same approach can be used to define a single QCL assumption based on the active TCI state associated with the lowest codepoint of the TCI field in DCI. This assumes that at least one CORESET is configured with tci-PresentInDCI so that MAC-CE can be used to map active TCI states to the TCI codepoints, but it does not necessarily mean that the scheduling DCI contains the TCI field.
Using the same wording as the above highlighted text, our simplified proposal is as follows.
· For single-TRP, if any PDSCH scheduled by the same DCI has offset < timeDurationForQCL, a single default QCL assumption is applied for all PDSCHs
· The default QCL assumption for each PDSCH is according to the following, and applies regardless of whether or not tci-PresentInDCI is configured in the scheduling DCI: 
· The UE may assume that the DM-RS ports of each PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI state corresponding to the lowest codepoint among the TCI codepoints, where the TCI state is the one that is active in the slot corresponding to the first scheduled PDSCH 

	Qualcomm
	Do not support Proposal 1. Support single QCL applied to all scheduled PDSCHs.

	Xiaomi
	Support the proposal 1.

Firstly, applying the default beam to all the PDSCHs scheduled by single DCI just because the scheduling offset for some of these PDSCHs are smaller than timeDurationForQCL is not appropriate, since the default QCL assumption is not the optimal beam for the corresponding PDSCH in all probability.

Secondly, some companies think that single QCL assumption is applied to the multi-slot PDSCHs for the inter-slot repetition transmission scheme for single DCI based multi-TRP in Rel16 when PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL and then single QCL assumption should be used for the multi-slots PDSCHs scheduled by single DCI in 52.6-71GHz. (The inter-slot repetition transmission scheme for single DCI based multi-TRP in Rel16 is denoted as “PDSCH repetition” for the sake of convenience.) However, each PDSCH/PUSCH has individual/separate TB(s) in the case of multi-slot PDSCHs in 52.6-71GHz and the TB of these PDSCHs in “PDSCH repetition” are the same. Therefore, the performance is acceptable even the default beam, which is not the optimal beam, is used for all the PDSCHs in the case of “PDSCH repetition” because of the repetition gain. While because there is no repetition gain for the multi-slot PDSCHs/PUSCHs in 52.6-71GHz, in which the TBs for these PDSCHs/PUSCHs are not the same, the performance may not be acceptable if the default beam is applied to all the PDSCHs scheduled by single DCI in 52.6-71GHz.

	Moderator
	Thanks for the flexibility shown in the GTW session. Please check the agreement in 2.1.3.3 and continue the 2nd round discussion in 2.1.4.



Conclusions from GTW session
Agreement
For Case 2 for single TRP and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each PDSCH < timeDurationForQCL:
· The UE may assume that the DM-RS ports of a PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL:
· Note: there might be no need for specification impact from this agreement

2nd round discussion
Observation 1a
In moderator’s observation, majority companies support multiple QCL assumptions for multi-TRP as well as single TRP. Given the situation, the moderator suggests reusing the existing default beam determination mechanism for each PDSCH as follows: 
· If any scheduled PDSCH < timeDurationForQCL,
· For multi-TRP with a single DCI: If a UE is configured with enableTwoDefaultTCI-States, the default beams follow the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· For multi-TRP with multiple DCIs: M-TRP: The default beam for the PDSCH associated with a value of coresetPoolIndex follows the TCI state corresponding to the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH are monitored by the UE.
· If any scheduled PDSCH < timeDurationForQCL,
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL.

Q1. Do you think that reusing the existing default beam determination mechanism for multi-TRP as well as single-TRP is reasonable?

	Company
	Input

	Samsung
	Reusing the existing default beam determination mechanism seems reasonable.

	NEC
	Yes

	LG Electronics
	For the completion, we need to define default beam rule for the following three cases:
1) When UE is configured with s-DCI based m-TRP (i.e., enableTwoDefaultTCI-States)
2) When UE is configured with m-DCI based m-TRP (i.e., two values for coresetPoolIndex)
3) When UE is configured with cross-carrier scheduling
But in general, we can reuse the principle what we agreed for Case 1 and Case 2.

	DOCOMO
	Agree with the principle to reuse existing rule for each PDSCH.

	Lenovo, Motorola Mobility
	Agree with reusing the existing rule

	OPPO
	agree

	ZTE, Sanechips
	The second bullet in Observation 1a should be revised to “If any scheduled PDSCH ≥ timeDurationForQCL”.
For Q1, QCL acquisition for multi-PDSCH scheduling for multi-TRP can reuse the same method as specified for single-TRP. Thus for each PDSCH in multi-PDSCH, it can reuse the existing default beam determination mechanism. 

	Intel
	Given the approach RAN1 embraced for single TRP case, we’re fine reusing Rel-16 rules for multi-TRP case here.

	Huawei, HiSilicon
	We think that some modifications and additional proposals are required here. In particular, the following scenarios should be addressed:

Scenario 1: multi-TRP single DCI case when all PDSCHs ≥ timeDurationForQCL
In RAN1 106-e, we have addressed the single TRP single DCI case when all PDSCHs ≥ timeDurationForQCL (corresponding to Case 1 in Agreement in RAN1 106-e). A corresponding agreement should be made for multi-TRP single DCI case when all PDSCHs ≥ timeDurationForQCL. We suggest the following (based on agreement in RAN1 106-e for Case 1):

Proposal A:
For the single  multi-TRP case, For multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single up to two TCI state(s) (if the DCI field is present), 
· Case 1: When PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: If tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: If tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs

Scenario 2: multi-TRP multi DCI scenario when all PDSCHs ≥ timeDurationForQCL
There seems to be an understanding that this naturally follows the single-TRP single DCI scenario when all PDSCHs ≥ timeDurationForQCL and it does not seem to be necessary to discuss it.

Scenario 3: multi-TRP multi DCI scenario when any PDSCHs < timeDurationForQCL
As pointed out in Observation 1a, a similar mechanism as in Rel-16 can be used
We suggest the following proposal based on Observation 1a and the wording of the agreement made in the first GTW in RAN1 107:
Proposal B: 
For multi-TRP multi DCI scenario when any PDSCHs < timeDurationForQCL
· The following Rel-16 rule is applied for each PDSCH < timeDurationForQCL:
· For multi-TRP with multiple DCIs: M-TRP: If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex The default beam for the PDSCH associated with a value of coresetPoolIndex follows the TCI state corresponding to the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL

Scenario 4: multi-TRP single DCI scenario when any PDSCHs < timeDurationForQCL

In this case, as discussed by our moderator in Observation 1a, if UE is configured with enableTwoDefaultTCI-States, Rel-16 behaviour when UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, may be attempted to be extended to the Rel-17 multi-PDSCH case by having the “default beams follow the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion”. However, in our view, such an extension has exactly the same problem as the “Single QCL assumption” for the single TRP case (which made us agree to the “Multiple QCL assumption” in the last GTW meeting): UE may not have parsed TDRA Table and, hence, would not know where its first PDSCH transmission is before timeDurationForQCL. Therefore, the TCI state that is activated in the slot with the first PDSCH transmission would not be known either before timeDurationForQCL.  
We understand that this behavior is already defined in Rel-16 for the case that enableTwoDefaultTCI-States is configured and UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber. However, note that 
1) In FR2-1 (corresponding to Rel-16), maximum of timeDurationForQCL is only 28 symbols (2 slots). Therefore, the slots that are less than timeDurationForQCL are essentially the two slots that the COREST is monitored and its next slot. During these two consecutive slots, it is not likely that both of the following concurrently apply to the same UE: A) UE that is configured with enableTwoDefaultTCI-States and repetitionScheme set to 'tdmSchemeA' (or is configured with higher layer parameter repetitionNumber) and is scheduled with PDSCH transmission occasion with an offset less than timeDurationForQCL; and B) MAC-CE changes UE’s set of activated TSI states within one of the above two slots. In fact, such an unlikely concurrence can be easily avoided by gNB. Therefore, UE can always use the activated TSI states with the lowest codepoint in the CORESET monitoring slot for the whole time prior to timeDurationForQCL (up to 2 slots). 
This does not apply to FR2-2 where timeDurationForQCL can be up to 16 slots and multiple PDSCHs may be scheduled within those 16 slots and MAC-CE command may arrive to update the activated set of TCI states at any of those 16 slots. 
2) We think that the default QCL assumption scheme in Rel-16 for the case that the UE is configured with enableTwoDefaultTCI-States and repetitionScheme set to 'tdmSchemeA' (or is configured with higher layer parameter repetitionNumber), although functional, is not the best technical solution and we should avoid to propagate it to Rel-16 for mluti-PDSCH. 
Due to above issue, we propose the following alternative for the case of multi-TRP single DCI scenario when any PDSCHs < timeDurationForQCL:
Proposal C: 
For multi-TRP single DCI scenario when any PDSCHs < timeDurationForQCL
· The following is applied for each PDSCH < timeDurationForQCL:
· If a UE is configured with enableTwoDefaultTCI-States The default beam for the PDSCH follows the TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the latest slot with the first PDSCH transmission occasion in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL

 


	Moderator
	@Huawei: I believe that we don’t need to reuse the case such as all PDSCHs < timeDurationForQCL as the proposal is focusing on each PDSCH not all PDSCHs. In addition, I don’t see the problem with enableTwoDefaultTCI-States. For single TRP case, the default QCL is based on QCL Type-D of a latest CORESET. So, basic assumption is the UE can maintain the QCL assumption for decoding PDCCH unless there’s any new indication. However, Rel-16 default TCI state mechanism is different. The basic assumption of Rel-16 is the UE needs to change its QCL assumption right after decoding PDCCH. So, if there’s “enough time” for beam switching between the latest CORESET and a PDSCH, the UE can change its default beam without PDCCH decoding. Please note that “enough time” is not timeDurationForQCL as the UE does not need to decode PDCCH to use the default QCL.
@Dear all: It seems that majority companies are fine except one company. Please check Proposal 1a from the moderator. I tried to copy the existing specification as much as possible for Rel-16 UE behavior, however, if you have any concerns, please let me know. 

	Huawei, Hisilicon 2
	We thank our moderator for his explanation. However, we are not sure we understand his argument. The whole issue is that, in Rel-16 when UE is configured with enableTwoDefaultTCI-States and repetitionScheme set to 'tdmSchemeA' (or is configured with higher layer parameter repetitionNumber), the UE is supposed to use “the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion”. This means that the location of “the first PDSCH transmission occasion” should be known to the UE before timeDurationForQCL. We find such a requirement from the UE problematic and prefer not to propagate it in Rel-17. 
Please note that the fact that UE may not be able to know the location of its first PDSCH before timeDurationForQCL (ie , may not have parsed its TDRA table in the DCI before timeDurationForQCL) was the exact reason that the single QCL assumption (based on the QCL assumption of the latest monitored corset with the lowest corset ID of the first PDSCH) was not agreed in the single TRP scenario. We don’t see the situation any different for the multi-TRP case. 



Proposal 1a
For multi-PDSCHs scheduled by a single DCI for multi-TRP, the following Rel-16 rule is applied for each PDSCH:
· If the PDSCH < timeDurationForQCL,
· For multi-TRP with a single DCI, 
· If a UE is configured with enableTwoDefaultTCI-States, the UE applies an associated TCI state of two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states.
· The mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 of TS38.214.
· For multi-TRP with multiple DCIs,
· If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex, the UE applies a TCI state of a CORESET with the lowestcontrolResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling the PDSCH in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex.
· Otherwise, the Rel-16 rule for single-TRP is applied.
· If the PDSCH ≥ timeDurationForQCL,
The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL.

Proposal 1b
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH < timeDurationForQCL:

-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL.

Proposal 1c (cross-carrier scheduling)
For single-TRP with multi-PDSCH cross-carrier scheduling
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is not configured with enableDefaultBeamForCCS:

When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is configured with enableDefaultBeamForCCS:

When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL if the UE is configured with enableDefaultBeamForCCS.

Proposal 1d (Updated based on Docomo’s proposal)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with a first PDSCH transmission occasion < timeDurationForQCL:

-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with a first PDSCH transmission occasion ≥ timeDurationForQCL.

Proposal 1e (Updated based on Huawei’s comment)
For single-TRP with multi-PDSCH cross-carrier scheduling
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is not configured with enableDefaultBeamForCCS:

When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is configured with enableDefaultBeamForCCS:

When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL if the UE is configured with enableDefaultBeamForCCS.

Proposal 1f (Updated from Proposal 1d)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:

-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.

Proposal 1g (Splitted proposal for multi-DCI multi-TRP from Proposal 1f)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:

-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
-	The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.

Proposal 1h (Splitted proposal for single DCI multi-TRP from Proposal 1f)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.

Proposal 1i (Updated proposal from Huawei)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the latest slot with the first PDSCH transmission occasion. in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.

	Company
	Input

	Xiaomi 
	[bookmark: OLE_LINK2][bookmark: OLE_LINK1]For single DCI based mTRP, the mapping of the two different TCI states to PDSCH transmission occasions in Rel16 can be reused. However, we think that UE should not be configured with higher layer parameter repetitionNumber-r16.
· If the PDSCH < timeDurationForQCL,
· For multi-TRP with a single DCI, 
· If a UE is configured with enableTwoDefaultTCI-States, the UE applies an associated TCI state of two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states.
· The mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 of TS38.214. UE does not expect to be configured with the higher layer parameter repetitionNumber-r16.

In addition, we are agree with Huawei on the additional proposals about the QCL assumption for mTRP when PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL.

	LG Electronics
	
· If the PDSCH < timeDurationForQCL,
· For multi-TRP with a single DCI, 
· …..
· For multi-TRP with multiple DCIs,
· ….
· Otherwise, the Rel-16 rule for single-TRP is applied.

To Moderator: What does the above “otherwise” mean? Is there any other cases than s-DCI based m-TRP and m-DCI based m-TRP?

To Xiaomi: We already have a relevant agreement.

Agreement: (RAN1#106bis-e)
The working assumption in RAN1#106-e is confirmed with the following update:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated, reuse Rel-16 association rules to apply the two TCI states for each PDSCH scheduled by a multi-PDSCH scheduling DCI
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs
· Within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber



	Ericsson
	We agree to the direction of Proposal 1a, but we would like to mirror the current agreement for single-TRP as closely as possible using the current spec language so as to avoid confusion. Proposal 1b contains direct copies of 38.214 Section 5.1.5 which define the Rel-16 rules. Note that the crossed out parts are irrelevant for multi-PDSCH scheduling.
Proposal 1b (sDCI and mDCI mTRP)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH < timeDurationForQCL:

-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL:


As commented by LGE in the previous round, the following 3 cases need to be agreed for WI completion:
· When UE is configured with s-DCI based m-TRP (i.e., enableTwoDefaultTCI-States)
· When UE is configured with m-DCI based m-TRP (i.e., two values for coresetPoolIndex)
· When UE is configured with cross-carrier scheduling
The above proposal covers (1) and (2); however, (3) is not yet included. We have mentioned (3) in our contribution for several meetings now. This is an important case to cover and should not be ignored. We note that in Rel-16, the QCL indication rules for cross-carrier scheduling are only supported for single-TRP, so at least we should cover that case. We suggest to adopt the same rules as for Rel-16 and simply specify that the rules apply to each of the scheduld PDSCHs.
For cross-carrier scheduling for single-TRP, the existing Rel-16 rules are as follows:
· [bookmark: _Toc84001318]If the UE is not configured with enableDefaultBeamForCCS:
· When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
· Note: this can be adapted for multi-PDSCH scheduling by specifying that the UE expects the offset >= timeDurationForQCL for all scheduled PDSCHs
· [bookmark: _Toc84001320]If the UE is configured with enableDefaultBeamForCCS:
· When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
· Note: this can be adapted for multi-PDSCH by specifying that the same QCL assumption is applied for each PDSCH with offset < timeDurationForQCL

Hence we suggest the following proposal for cross-carrier scheduling. Note that the crossed out parts are irrelevant for multi-PDSCH scheduling.
Proposal 1c (Cross-carrier scheduling)
For single-TRP with multi-PDSCH cross-carrier scheduling
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is not configured with enableDefaultBeamForCCS:

When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is configured with enableDefaultBeamForCCS:

When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL if the UE is configured with enableDefaultBeamForCCS


	ZTE, Sanechips
	We are generally fine with Ericsson’s Proposal 1b (sDCI and mDCI mTRP). But we do not think there is a need to delete “ or PDSCH transmission occasions ” in the proposal.

We also agree with Ericsson’s Proposal 1c for cross-carrier scheduling. Similar as the agreement reached for single-TRP, Rel-16 rules can be reused for CCS and there might be no specification impact.

	Qualcomm
	For 1a, suggest to replace the “an associated TCI” with “both TCI”, since UE needs to use both TCIs to buffer every PDSCH, not just one TCI. This is written in 214. 
· For multi-TRP with a single DCI, 
If a UE is configured with enableTwoDefaultTCI-States, the UE applies an associated TCI state of two both TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states.

	Moderator
	@Xiaomi: As LG mentioned, it is already agreed.
@LG: What “otherwise” means, additional possible cases without enableDefaultTCI-StatePerCoresetPoolIndex and enableTwoDefaultTCI-States. The default beam behavior is based RRC configuration and it follows a single TRP based rules if such configurations are not configured. 
@Ericcson: I am generally fine with proposals, but “ or PDSCH transmission occasions ” should not be deleted. I added your Proposal 1b with “ or PDSCH transmission occasions ” and Proposal 1c.
@ZTE: Based on your view, Proposal 1b and 1c are added.
@All: Proposal 1b (updated proposal based on Ericsson’s comment) and Proposal 1c (about cross carrier scheduling from Ericsson) are added. Please continue discussion.

	vivo
	Compared to proposal 1a, we have slight preference for proposal 1b and 1c.

	Huawei, HiSilicon
	Regarding “non-cross-carrier” case:
Generally agree with Ericsson that the text from spec should be used as much as possible (especially in this particular case that we need very long intricate sentences to describe the UE behavior). So, we strongly prefer to use Proposal 1b as a starting point. 
Having said that, we can agree with the first two paragraphs pertaining the of m-DCI m-TRP (two coresetPoolIndexes with configured enableDefaultTCI-StatePerCoresetPoolIndex) “as is”. 
However, as we discussed in the first round of our discussion, we cannot agree with the second paragraph that addresses the case of s-DCI m-TRP with configured enableTwoDefaultTCI-States. As discussed in the first round, The whole issue is that when UE is configured with enableTwoDefaultTCI-States, the UE is supposed to use “the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion”. This means that the location of “the first PDSCH transmission occasion” should be known to the UE before timeDurationForQCL. We find such a requirement from the UE problematic and prefer not to propagate this Rel-16 agreement to Rel-17. 
Please note that the fact that UE may not be able to know the location of its first PDSCH (transmission occasion) before timeDurationForQCL (ie , may not have parsed its TDRA table in the DCI before timeDurationForQCL) was the very reason that the single QCL assumption (based on the QCL assumption of the latest monitored corset with the lowest corset ID of the first PDSCH) was not agreed in the single TRP scenario. We don’t see the situation any different for the multi-TRP case.  
We suggest the following alternative in which the above problematic requirement (knowing the location of the first PDSCH prior to timeDurationForQCL) is replaced by a behavior that is similar to what UE uses for both single TRP multi-PDSCH case and m-DCI m-TRP multi-PDSCH case. 

Proposal 1b (updated)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH < timeDurationForQCL:

-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the latest slot with the first PDSCH transmission occasion. in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL.
  
 Regarding “cross-carrier” case:
Proposal 1c (cross-carrier scheduling) 
Support with a slight modification: in 38.212 “for the CORESET” is only applied for tci-PresentDCI-1-2 and should be crossed over along with tci-PresentDCI-1-2:
Proposal 1c (cross-carrier scheduling)
For single-TRP with multi-PDSCH cross-carrier scheduling
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is not configured with enableDefaultBeamForCCS:

When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is configured with enableDefaultBeamForCCS:

When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL if the UE is configured with enableDefaultBeamForCCS.


	MediaTek
	We support the proposal in general but we some clarification for Proposal1-b. 
As mentioned by Ericsson, the default assumption for s-DCI m-TRP for UE which is capable of receiving two beams at the same time is specified in TS 38.214 as:
If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
 One thing we would like to point out is the tdmA (intra-slot repetition) case where the default beam is determined according to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. Then the determined two TCI states are used to receive the first PDSCH transmission occasion and the second PDSCH transmission occasion, regardless of whether the second PDSCH transmission occasion is above the timeDurationForQCL threshold or not. The reason for such rule in rel-16 is these two transmission occasions are considered as one PDSCH and it is agreed to use the default two TCI states to receive the two transmission occasions respectively instead of using one default TCI state for the first transmission occasion and one indicated TCI state for the second transmission occasion if the second transmission occasion>timeDurationForQCL. We think the same rule should be applied for this special case, which is not aligned with Proposal 1-b? Or we can simply have a restriction to avoid such corner case like: for multi-PDSCH scheduling, UE doesn’t expect to receive first PDSCH transmission occasion within timeDurationForQCL offset and the second PDSCH transmission occasion above timeDurationForQCL offset for the same TB.  

Regarding LG’s question on “otherwise,..” , same as Moderator’s reply, our understanding is that for a UE supporting m-TRP, the UE can still signal UE capability to not supporting receiving transmission from two TRPs simultaneously. In this case, the UE will not be configured with enableTwoDefaultTCI-States (for S-DCI m-TRP) or enableDefaultTCI-StatePerCoresetPoolIndex (for m-DCI m-TRP) and UE will use s-TRP default beam assumption within the timeDurationForQCL. 

	Futurewei
	We are fine with the cross-carrier case Proposal 1c proposed by Ericsson as well as the minor update by HW.
We agree with the issue raised by HW regarding UE not necessarily being aware of the exact resource allocation (i.e., exact assigned row of TDRA table) before timeDurationForQCL. We are fine with the first part of Proposal 1b. 
Question to Moderator: In proposal 1b do we need to use “applying clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints” To be valid this should not require knowledge of resource allocation at the UE (before timeDurationforQCL). Qualcomm and MTK suggest using both TCI states to receive PDSCH transmit occasion. Then, can we update second part of Proposal 1b by:
If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the both TCI states are mapped to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with where the TCI states correspond corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the latest slot with the first PDSCH transmission occasion. in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.

	Ericsson
	We are confused by change to Proposal 1b suggested by Huawei and Futurewei:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the latest slot with the first PDSCH transmission occasion. in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
Are you saying that the Rel-16 spec is broken? This is a direct copy of the Rel-16 spec, so the highlighted part and the red text changes Rel-16 behavior.
How is the situation any different for multi-PDSCH compared to Rel-16? If it works for the latter, I don't see why it doesn't work for the former. The Rel-16 rule is based on whatever TCI states are associated with the lowest TCI codepoint that are active in the first transmission occasion. It seems that if the UE knows when to receive the first transmission occasion (otherwise what would it do?) it will also know what TCI states are active based on whatever was the most recent MAC-CE that mapped TCI states to the TCI codepoints. It seems that Huawei is arguing from the standpoint that it takes the entire timeDurationForQCL to decode even the DCI . Our understanding is that the main contributor is the time it takes to apply a new Rx beam if it was indicated in DCI, not the DCI decoding time. This is why a default beam is defined.
If the Rel-16 spec is broken, then please say so, and then we should consider stoping the discussion here and leave it to the MIMO crowd to fix it (although I doubt it is broken). The whole point of reusing Rel-16 is so that we are not inventing anything new specifically for multi-PDSCH scheduling. Since we have gone down that road for single-TRP, we do not want to deviate from it now for multi-TRP.

@MediaTek, in the corner case you mentioned, then isn't it solved by preserving the wording "with the first PDSCH transmission occasion." 

	LG Electronics
	In general, we are fine the Proposals 1b and 1c. However, if we start to modify Rel-16 specification, we won’t end up with the firmed proposal this week. Alternatively, we would suggest the following simplified version by removing spec parts.

Proposal 1b (Modified)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The Rel-16 rules corresponding to the following cases are applied for each PDSCH < timeDurationForQCL:

-	Case 1: If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	Case 2: If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, 
-	Case 3: If a UE is not configured with enableDefaultTCI-StatePerCoresetPoolIndex and not configured with enableTwoDefaultTCI-States, 
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL.

Proposal 1c (cross-carrier scheduling) (Modified)
For single-TRP with multi-PDSCH cross-carrier scheduling
· Multiple QCL assumptions are applied as per Rel-16
· The Rel-16 rule corresponding to the case where the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, is applied for each scheduled PDSCH if the UE is not configured with enableDefaultBeamForCCS:

· The Rel-16 rule corresponding to the case where the UE is configured with enableDefaultBeamForCCS, is applied for each scheduled PDSCH if the UE is configured with enableDefaultBeamForCCS:

· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL if the UE is configured with enableDefaultBeamForCCS.



	DOCOMO
	We support Proposal 1b with small modification, for clarification of “PDSCH< timeDurationForQCL” since the “< timeDurationForQCL” situation may be different for the first PDSCH repetition and the second repetition for intra-slot PDSCH repetition.
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with first PDSCH repetition < timeDurationForQCL:

-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with first PDSCH repetition ≥ timeDurationForQCL.

We are fine with Proposal 1c with Huawei’s update.

	Samsung
	For non-cross carrier scheduling, we support Proposal 1a, but if companies want more clarification Proposal 1b is ok. We don’t think spec change is needed. As we applied for single-TRP QCL assumption for multi-PDSCH scheduling, extending Rel-16 rule for mutli-TRP QCL assumption for multi-PDSCH scheduling should be enough. 
For cross carrier scheduling, we support Proposal 1c.

	Intel
	We are fine with Proposal 1b and Proposal 1c.
Regarding Proposal 1b, we share the same understanding as Ericsson.
There is a definition of timeDurationForQCL cited from TS 38.306 as follows:
timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH
reception and applying spatial QCL information received in DCI for PDSCH
processing as described in TS 38.214 [12] clause 5.1.5. UE shall indicate one value
of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz
and 120kHz.
According to the definition above, there are clearly two steps: 1) PDCCH reception and 2) applying spatial QCL.
The second sub-sub-bullet from original Proposal 1b describes exactly the case when PDCCH is received and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL. So, the UE is not able to apply the spatial QCL, although, it knows the QCL as it is indicated within the DCI. Also, it knows the locations of PDSCH transmission occasions.
Then, the UE just shall apply the default QCL assumptions instead of QCL assumptions from the indicated TCI states according to the Rel-16 rule: “the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.” In the citation above, “indicated TCI states” means exactly that DL DCI is received and the indicated TCI states are known. Thus, PDSCH transmission occasions can also be assumed as known.

	Lenovo, Motorola Mobility
	In principle, Proposal 1a is fine with us. However, we prefer Proposal 1b and 1c as they exactly capture the text from the current spec.

	MediaTek
	We support Ericsson’s original proposal(1-b) which is from spec. For the question from Huawei and Furturewei regarding how UE knew the information of “the first” transmission occasion in Rel-16, our understanding is UE will not know. In this case, UE will use the TCI states associated with the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states for reception in each slot. Then the question is :will those default TCI states changes during the PDSCH transmission occasions for tdmA(intra-slot repetition) and tdmB(inter-slot repetition) from slot to slot? For the tdmA, it is obviously not since there is only one slot. For tdmB, the follow spec prevents it:
When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.

This our understanding on Rel-16 m-TRP default beam assumption and please correct our view if we misunderstood something.

@Ericsson: Thanks for answering our question. However, we still have issue on interpreting the last bullet
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL.
Is the corner case we mentioned where intra-slot repetition is configured with first transmission occasion <timeDurationForQCL second transmission occasion>=timeDurationForQCL, does the second transmission occasion apply the indicated TCI or not? 

	Moderator
	Updated Proposal 1d and Proposal 1e are provided based on the comments from Huawei and Docomo. 

@Huawei/Futurewei: As Ericsson mentioned, this is the existing specification and I don’t think that there’s any problem with the existing specification. Although the UE does not know the start of the first PDSCH, actually, it does not matter the UE needs to keep the default TCI states based on the activated TCI states anyway. 
@MediaTek: My understanding is aligned with Ericsson. As we support QCL determination based the first PDSCH, what would be the problem?
@Docomo: Your suggestion makes sense to me, but I used “first PDSCH transmission occasion” instead of using “first PDSCH repetition” to align the wording. 
@LG: I don’t think we are changing specifications and don’t see any big change in your suggested proposals. 

	Intel
	We are fine with Proposal 1d and Proposal 1e.

	CATT
	We are fine with Proposal 1d and Proposal 1e

	LG Electronics
	Two comments:
- There are two strikethrough texts in Proposals 1d and 1e. Is it correct understanding that extracted statements from spec are exactly same as current specification except for those texts applied with strikethrough? If this is confirmed, we are OK although I think they don’t need to be applied with strikethrough.
- For Proposal 1e, cross-carrier scheduling is restricted to single TRP case. Is cross-carrier scheduling disallowed for m-TRP operation? If allowed, we can remove “single TRP” in the main bullet.

	Qualcomm
	Not support 1a, since both default TCIs need to be used for sDCI mTRP as in spec
Fine with 1b if that is copied from spec except the deleted part. 
For 1c, wonder why this part is deleted: or tci-PresentDCI-1-2 is configured ? There is no explicit agreement to say DCI format 1_2 cannot schedule multi-PDSCH. Suggest to at least put in bracket till discussion completes.
Not support 1d, it is incorrect to say if 1st PDSCH occasion is < threshold but 2nd PDSCH occasion is > threshold, default beam should be applied to both ocasssions
For 1e, wonder why this part is deleted: “or tci-PresentDCI-1-2 is configured for the CORESET”? Suggest to put it in bracket until clarification is clear

	Xiaomi
	From our understanding, the problem mentioned by DOCOMO only exists for 'TDMSchemeA' transmission schemes in the case of single DCI based mTRP. There aren’t so-called “the first PDSCH repetition” and “the second repetition for intra-slot PDSCH repetition” for other cases.
If our understanding is correct, we think the problem can be clarified as an additional note as follows:
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH < timeDurationForQCL:
-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, …
-	the UE may assume that the …
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that …
· Note: if the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA', the scheduling offset is the interval between the DCI and the first PDSCH transmission occasion. 
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL.


	Huawei, HiSilicon
	@Ericsson: 
As discussed in our first round of comments and also discussed during the last few meetings for the single TRP case, UE may not know its resource allocation before timedurationForQCL. The whole issue is that in Proposal 1b, when UE is configured with enableTwoDefaultTCI-States, the UE is supposed to use “the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion”. This means that the location of “the first PDSCH transmission occasion” should be known to the UE before timeDurationForQCL. We find such a requirement from the UE problematic and prefer not to propagate this Rel-16 agreement to Rel-17. 
Please note that the fact that UE may not be able to know the location of its first PDSCH (transmission occasion) before timeDurationForQCL (ie , may not have parsed its TDRA table in the DCI before timeDurationForQCL) was the very reason that the single QCL assumption (based on the QCL assumption of the latest monitored corset with the lowest corset ID of the first PDSCH) was not agreed in the single TRP scenario. We don’t see the situation any different for the multi-TRP case.
That is why we suggest the alternative Proposal 1e in which the above problematic requirement (knowing the location of the first PDSCH prior to timeDurationForQCL) is replaced by a behavior that is similar to what UE uses for both single TRP multi-PDSCH case and m-DCI m-TRP multi-PDSCH case. 
We understand that this behavior is already defined in Rel-16 for the case that enableTwoDefaultTCI-States is configured and UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber. However, note that 
1) In FR2-1 (corresponding to Rel-16), maximum of timeDurationForQCL is only 28 symbols (2 slots). Therefore, the slots that are less than timeDurationForQCL are essentially the two slots that the CORESET is monitored and its next slot. During these two consecutive slots, it is not likely that both of the following concurrently apply to the same UE: A) UE that is configured with enableTwoDefaultTCI-States and repetitionScheme set to 'tdmSchemeA' (or is configured with higher layer parameter repetitionNumber) and is scheduled with PDSCH transmission occasion with an offset less than timeDurationForQCL; and B) MAC-CE changes UE’s set of activated TSI states within one of the above two slots. In fact, such an unlikely concurrence can be easily avoided by gNB. Therefore, UE can always use the activated TSI states with the lowest codepoint in the CORESET monitoring slot for the whole time prior to timeDurationForQCL (up to 2 slots). 
This does not apply to FR2-2 where timeDurationForQCL can be up to 16 slots and multiple PDSCHs may be scheduled within those 16 slots and MAC-CE command may arrive to update the activated set of TCI states at any of those 16 slots. 
2) We think that the default QCL assumption scheme in Rel-16 for the case that the UE is configured with enableTwoDefaultTCI-States and repetitionScheme set to 'tdmSchemeA' (or is configured with higher layer parameter repetitionNumber), although functional, is not the best technical solution and we should avoid to propagate it to Rel-16 for mluti-PDSCH. 

@Moderator: 

We have different understanding. When you say: “Although the UE does not know the start of the first PDSCH, actually, it does not matter the UE needs to keep the default TCI states based on the activated TCI states anyway.” The question is which activated TCI state? Proposal 1b clearly indicates “the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion” This simply means that UE should know the location of its first PDSCH transmission occasion before timedurationForQCL to know which activated TCI state it should use. We find this requirement problematic. This is exactly the same problem that we all discussed for the single TRP scenario and ended up agreeing on multi-QCL assumption. We don’t see any difference here. To avoid this problematic requirement from UE, we suggest Proposal 1d which uses a behavior that is similar to what UE uses for both single TRP multi-PDSCH case and m-DCI m-TRP multi-PDSCH case. I don’t think we are deviating from spec here or invent anything from scratch. 
@Qualcomm:
OK for us to put the part of your concern in the bracket in Proposal 1d. 



	MediaTek
	Thanks Moderator’s proposal, which addresses our concern on the corner case by adding “transmission occasion” notion. We can support Proposal 1-d in general. Just a few comments
1) For the following bullets, we suggest to change from “a” to “the”

· The following Rel-16 rules are applied for each PDSCH with a the first PDSCH transmission occasion < timeDurationForQCL:
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with a the first PDSCH transmission occasion ≥ timeDurationForQCL.

   2)  To address the case that UE is not configured with either enableDefaultTCI-StatePerCoresetPoolIndex or enableTwoDefaultTCI-States we suggest to add the following bullet to complete the default beam assumption design.
· Otherwise, the Rel-16 rule for single-TRP is applied.

We also have a general comment for Case1 for single TRP and multi-TRP. Do we expect the activated TCI states will change within the scheduled PDSCHs when all the scheduled PDSCHs>timeDurationForQCL? If not, can we have the following proposal following the same principle of multi-slot PDSCH
When the UE is configured with a multi-slot PDSCH multi-PDSCH scheduling for Case1(all scheduled PDSCHs ≥ timeDurationForQCL) , the indicated TCI state should be based on the activated TCI states in the first slot with the first scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCHs

@Huawei
In our understanding, there is no problem of lacking the information of “the first slot” if the default beam is predetermined. All UE need to know is which TCI states is used for reception in a slot. For example, if the default TCI state is #1, UE will use TCI state#1 to receive all the slots before the UE decodes DCI. Once UE decode a DCI, UE will “go back” to find the first slot for the scheduled PDSCH. Since UE already received the scheduled PDSCH with the TCI state #1, the decoding can proceed normally.  

	Ericsson
	Support Proposal 1d and 1e.
But suggest the following wording update for the main bullets in Proposal 1d (I think Qualcomm had a similar concern)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with a first PDSCH transmission occasion with offset < timeDurationForQCL:
…
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with a first PDSCH transmission occasion with offset ≥ timeDurationForQCL.

@Qualcomm:
For 1c, wonder why this part is deleted: or tci-PresentDCI-1-2 is configured ? There is no explicit agreement to say DCI format 1_2 cannot schedule multi-PDSCH. Suggest to at least put in bracket till discussion completes.
[Ericsson] In our understanding multi-PDSCH scheduling is only agreed for DCI 1_1. That is why this part is removed.

@ LGE
- There are two strikethrough texts in Proposals 1d and 1e. Is it correct understanding that extracted statements from spec are exactly same as current specification except for those texts applied with strikethrough? If this is confirmed, we are OK although I think they don’t need to be applied with strikethrough.
[Ericsson] The answer is "yes". The text is copied as is from 38.214 Section 5.1.5
- For Proposal 1e, cross-carrier scheduling is restricted to single TRP case. Is cross carrier scheduling disallowed for m-TRP operation? If allowed, we can remove “single TRP” in the main bullet.
[Ericsson] Yes, in the current spec, UE behavior for cross carrier scheduling with multi-TRP was not specified.
@Huawei
This does not apply to FR2-2 where timeDurationForQCL can be up to 16 slots and multiple PDSCHs may be scheduled within those 16 slots and MAC-CE command may arrive to update the activated set of TCI states at any of those 16 slots. 
[Ericsson] We disagree with this logic. 16 slots @960 = 2 slots @ 120 kHz. With multi-slot PDCCH monitoring, the UE will not monitor more often than twice in this time duration, so it does not mean that a MAC-CE is more likely to arrive to update the set of TCI states because of the larger SCS in FR2-2. Besides, since it is specified that the UE should base it's QCL assumption according to " lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion" a smart gNB implementation if it would like to maximize the chances that the UE decodes the first PDSCH correctly under this assumption, it should not try to activate new TCI states for UE in the time interval between the DCI and the first PDSCH transmission occasion. Why are we spending so much time discussing an error case like this. It can simply be avoided by proper gNB implementation. There is absolutely no requirement that the UE know when is the first transmission occasion before it starts buffering samples. It can simply buffer according to whatever TCI states are currently active. 
Hence, the Rel-16 spec is not broken, does not cause an issue for UEs, and at worst puts some mild constraints on the gNB on the timing of when to send a MAC-CE. A proper gNB implementation would align with the UE behavior in the spec anyway.

	Futurewei
	Thanks to companies and moderator for their explanations.
@Moderator: From what we understood from your explanation: “For buffering symbols of each slot prior to timeDurationforQCL, UE will use the TCI states associated with the lowest codepoint among the TCI codepoints containing two different TCI states, based on the latest set of activated TCI states”
Is this your interpretation of proposal 1b?      

	ZTE, Sanechips
	We support Proposal 1e, and are generally fine with Proposal 1d.
Wherein, for Proposal 1d, we have the same views as Ericsson.
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with a first PDSCH transmission occasion with offset < timeDurationForQCL:
…
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with a first PDSCH transmission occasion with offset ≥ timeDurationForQCL.
For SDM/FDM-A/FDM-B, we can not say “for each PDSCH with a first PDSCH transmission occasion < timeDurationForQCL”.
For TDM-A, the 2nd sub-sub-bullet in Proposal 1d (the original spec words) already has the same description “When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping ...”

	Moderator
	Proposal 1f is provided based on the comments from Qualcomm, Ericsson and ZTE. 
@LG/Huawei: Please check Ericsson’s responses. I agree with the responses.
@Futurewei: My answer is Yes. The behavior applies to Proposal 1e as well. 

	Huawei, Hisiliocn
	@Ericsson and Moderator
We thank Ericsson for their reply. However, we do not think that the issue we are raising is a corner case, and as mentioned before, the fact that UE may not be able to know the location of its first PDSCH (transmission occasion) before timeDurationForQCL (ie , may not have parsed its TDRA table in the DCI before timeDurationForQCL) was the very reason that the single QCL assumption (based on the QCL assumption of the latest monitored corset with the lowest corset ID of the first PDSCH) was not agreed in the single TRP scenario. We don’t see the situation any different for the single-DCI multi-TRP case and, as such, at this time we are not ready to agree with any solution that requires UE to know the location of its first PDSCH prior to timedurationForQCL. 
Ericsson states that “since it is specified that the UE should base it's QCL assumption according to " lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion" a smart gNB implementation if it would like to maximize the chances that the UE decodes the first PDSCH correctly under this assumption, it should not try to activate new TCI states for UE in the time interval between the DCI and the first PDSCH transmission occasion.” We actually tend to agree with above statement. However, if above statement is correct for a smart gNB, we wonder why Ericsson does not agree with our proposal to change A to B below? 
A) “the activated TCI states in the slot with the first PDSCH transmission occasion.”
To 
B) the activated TCI states in the latest slot with the first PDSCH transmission occasion. in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
According to Ericsson, prior to the first PDSCH, a smart gNB does not change the UE’s activated TCI states and, as such, A and B would be exactly the same. However, as we said before, the issue with A) is that A) would require UE to know the location of its first PDSCH while B) does not need such a problematic requirement. Again, please note that B) is exactly the same default behavior used for single-TRP multi-PDSCH that RAN1 agreed last week, the same default behavior used for single-TRP single-PDSCH as has been in the spec from Rel-15, and the same default behavior used for multi-DCI multi-TRP as has been in the spec from Rel-16. We agree that A) is the default behavior in Rel-16 for the single-DCI multi-TRP case when UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, but, as we said, we do not believe it is a good solution specially in the FR2-2 and we prefer not to propagate it to Rel-17. 
We fundamentally disagree with this approach that if a solution is agreed in Rel-16, the same solution should be carried over to Rel-17 without any further discussion and analysis to see whether the solution is a good solution  or it can be a improved or be replaced by other simple and more efficient solutions that are also already present in the spec. 
Having said that, and with the understanding that we are approaching the end of WI, we would like to suggest a way forward as follows:  
Split Proposal 1f to two proposal 1g (for multi-DCI multi-TRP case) and 1h (for single-DCI multi-TRP case) as follows:
Proposal 1g:
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:

-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
-	The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.

Proposal 1h: 
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.

Further, consider the following Proposal 1i as an alternative to Proposal 1h:
Proposal 1i: 
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the latest slot with the first PDSCH transmission occasion. in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.

Huawei can agree with:
1- Proposal 1e for cross carrier scheduling.
2- Proposal 1g for multi-DCI multi-TRP
3- Proposal 1i for single-DCI multi-TRP
If Proposal 1i is not agreeable, RAN1 will have two alternative Proposal 1i and Proposal 1h to further discuss for single-DCI multi-TRP case but at least RAN1 can agree on Proposal 1e and Proposal 1g which seem to be non-controvortial. Hopefully, we can also pick one of the two proposals 1i and 1h by the end of RAN1 107-e. However, if it is not possible, we don’t think it would be a disaster since these two proposals only discuss the default QCL behavior of single-DCI multi-TRP multi-PDSCH case when the optional RRC parameter enableTwoDefaultTCI-States is configured repetitionScheme set to 'tdmSchemeA'. This is already a corner case and can be further discussed in the maintenance phase without jeopardizing WI completion. 


	Ericsson
	We do not think that Huawei's suggestion to split proposals like this is a constructive way forward. The issue about single DCI mTRP is a non-issue, and we should strive to reuse Rel-16 specs because they work.
We see no problem reusing the Rel-16 behavior, and if some corner case is easily avoided by gNB implementation, then we should not spend hours and hours discussing a spec change. Such discussions in the MIMO work items lead nowhere, and there is no point repeating that here.
We prefer to strive for unified beahvior in the specifications for single and multi-PDSCH scheduling, and if something works for single-PDSCH, there is no reason to write something different for multi-PDSCH. If the spec says different things for these two cases, there is a risk that gNB and UE vendors may implement something different causing IoDT problems. Why should we increase the risk of that?

	Intel
	We tend to agree with Huawei’s suggestion on splitting the proposals. In this case, we support:
Proposal 1e for cross-carrier scheduling;
Proposal 1g for multi-DCI multi-TRP.
Over Proposal 1h and Proposal 1i, our preference is Proposal 1h.

	MediaTek
	@Huawei:
We had a difficult time to understand the intention of Proposal1i. Can Huawei confirm our understanding on the difference between Proposal 1h and 1i based on the following tdmA example? (activated TCI states are changing between slot1 and slot2)


If our understanding were correct, then we have difficulty to understand why laking of the “first transmission occassion” is a concern to Proposal1h? On the other hand, if we can agree on the following restriction which came from the current spec for multi-slot PDSCH, will Huawei be ok to accept Proposal 1h? (This restriction seems to be a reasonable gNB behavior based on Ericsson’s comment)
When the UE is configured with a multi-slot PDSCH multi-PDSCH scheduling, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH(s)

	Samsung
	We agree with Huawei’s splitting the proposals.
We support Proposal 1e, Proposal 1g, and Proposal 1h.
We cannot accept Proposal 1i. The intention of ‘with the first PDSCH transmission occasion’ is to prevent different QCL assumption within repeated PDSCHs updated by MAC-CE activation. Therefore, we don’t see any issue when Rel-16 behavior is reused. Furthermore, in Rel-16 multi-TRP and single-TRP has different default QCL behaviour, so if Rel-17 has same behaviour between mutli-TRP and single-TRP, it would be confusing.

	Huawei, HiSilicon
	@Ericsson: 
We respectfully disagree that the problem is a corner case. Instead, we believe that when a problem can be easily fixed by using an alternative solution that is already supported in spec for single-TRP in Rel-15, and multi-TRP multi-DCI for Rel-16, it is better not to reuse a problematic solution of single-TRP multi-DCI and propage an easily-fixable problem (Requiring the UE to have parsed its TDRA table and have known the location of its first PDSCH before timedurationForQCL) into Rel-17. 
We do not understand the argument of Ericsson regarding IoDT problems “If the spec says different things for these two cases, there is a risk that gNB and UE vendors may implement something different causing IoDT problems.”
Please note that gNB behavior does not change AT ALL if either of Proposal 1h or Proposal 1i is used. UE always would know if it is configured with Rel-16 multi-TRP or Rel-17 multi-PDSCH multi-TRP as they are configured in two different IEs. So, I am not sure I understand the risk of “gNB and UE vendors may implement something different” that you mentioned. 
@Mediatek
Thanks for your interest. This is exactly the same problem as in single-TRP case. Assume the following case:
1- UE receives a DCI in its buffer in slot 0.
2- This DCI schedules 8 PDSCHs to the UE in slots 6, …, 13.
3- UE is configured to monitored SS in slots 0, 4, 8, 12, 10,….
4- Based on a MAC-CE command, a new set of activated TCI states for PDSCHs applies in slot 4. 
5- UE timeDurationforQCL is 8*28 symbols = 16 slots (assume 960 kHz SCS).   
If we go with Proposal 1h, until slot 16 UE may not know the slot that contains its first PDSCH because it has not parsed the TDRA table yet. Therefore, it would not know the activated TCI states in the slot with the first PDSCH transmission occasion either. In other words, it would not know if it should use 
A) “TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in slots 0-3”; or 
B) “TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in slots 4-15” 
when buffering the signal in slots 4-15. If the first PDSCH slot was in, say, slot 2, UE should use A) while if the first PDSCH slot was in, say, slot 8, UE should use B). However, UE woulmnbd know the location of its first PDSCH before slot 16.

UE will not have above problem if Proposal 1h is agreed because UE would use “TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the latest slot with the first PDSCH transmission occasion. in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.” In other words, it uses “TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in slot 0” to buffer the singal in slots 0-3, “TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in slot 4” to buffer the singal in slots 4-7, “TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in slot 8” to buffer the singal in slots 8-12 and so on. 

The solution that you have provided avoids the problem of Proposal 1h but, in our view, it can be restrictive and does not have the precedent in Rel-15 or Rel-16. However, The principle of Proposal 1i is already used for single-TRP in Rel-15, and multi-TRP multi-DCI for Rel-16. 
@All: Please note that we only split Proposal 1f to two proposal 1g (for multi-DCI multi-TRP case) and 1h (for single-DCI multi-TRP case) because the multi-DCI multi-TRP case part of Proposal 1f is agreeable for us and hopefully we can all agree with it. The single-DCI multi-TRP case of Proposal 1f that is now in Proposal 1h is problematic for us and we prefer to instead support the alternative Proposal 1i. The only difference between 1h and 1i is the the part marked in blue below.

Proposal 1h: 
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.

Further, consider the following Proposal 1i as an alternative to Proposal 1h:
Proposal 1i: 
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the latest slot with the first PDSCH transmission occasion. in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.




	CATT
	We share the same view that Rel-16 behavior is not broken. Since we already have wording such as ‘The following Rel-16 rules are applied’ etc in the proposal, we should not change rel-16 behavior otherwise it will cause confusion. 

	MediaTek
	@Huawei:
Thanks for your explanation. I kinda understand your logic now. However, we have different understanding on the UE behavior of Proposal 1h in your example
If we go with Proposal 1h, until slot 16 UE may not know the slot that contains its first PDSCH because it has not parsed the TDRA table yet. Therefore, it would not know the activated TCI states in the slot with the first PDSCH transmission occasion either. In other words, it would not know if it should use 
A) “TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in slots 0-3”; or 
B) “TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in slots 4-15” 
when buffering the signal in slots 4-15. If the first PDSCH slot was in, say, slot 2, UE should use A) while if the first PDSCH slot was in, say, slot 8, UE should use B). However, UE would know the location of its first PDSCH before slot 16.
In this example, UE will buffer slot 4-15 with B) based on Proposal 1h. Note that the Propsoal 1h is specified for each PDSCH(highlited below for your reference). Therefore, the “first PDSCH transmission occasion” is the first transmission occasion among the two tdmA PDSCH transmission occasions of a PDSCH, instead of the first PDSCH transmission occasion among all the scheduled PDSCHs. Therefore, in your example, UE will buffer slot 4 with B) since UE will assume the first transmission occasion is in slot4 for a PDSCH. At leat, this is our understanding and I hope this clarifies. 
Btw, the restriction we provide is not what we make up. The restriction is from TS 38.214 Clause 5.1.5 for multi-slot PDSCH (PDSCH repetition), which is shown below. The intention is to address similar issue as you pointed out. However, this only applies to Case1(all PDSCH repetition>timeDurationForQCL) since timeDurationForQCL is relatively small in FR2-1 as you pointed out. We simply think such rule reflects a reasonable scheduling
When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH  
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
 

	LG Electronics
	We share the view with MediaTek. Maintaining the same set of activated TCI states during the period of PDSCHs scheduled by a single DCI, is a reasonable restriction and well-aligned with the principle of slot aggregated PDSCH, in Rel-15. We support MediaTek’s proposal, Proposal 1e, Proposal 1g, and Proposal 1h. We do not support Proposal 1i which is different from Rel-16 UE behavior.

	Futurewei
	Thanks to the moderator for confirming.
We are OK with the split of proposals suggested by Huawei and support 1e and 1g.
We understand MediaTek’s interpretation of 1h but still feel language of 1h is open to other interpretations. Mainly the “the slot with the first PDSCH transmission occasion” should be interpreted as the “slot under consideration” and not the slot with the overall first PDSCH transmission occasion. This was not an issue when there was only one PDSCH slot. In that sense 1i is unambiguous.  
@Moderator: We did not see the resolution of the corner case in which offset of first PDSCH transmit occasion is less than timeDurationforQCL and that of the other one is greater. In this case as per your understanding, will the second PDSCH transmit occasion follow indicated TCI or the corresponding default one?

	ZTE, Saneships
	We agree with HW to splitting Proposal 1f to Proposal 1g (for multi-DCI multi-TRP case) and Proposal 1h (for single-DCI multi-TRP case). It may be easier for reaching an agreement on Proposal 1g first. So we tend to support Proposal 1e and Proposal 1g. 
For Proposal 1h and Proposal 1i, we support the former. We should not try to change Rel-16 mechanism in above 52.6GHz WI. If Rel-16 mechanism doesn’t work, it should be proven and modified in the maintenance of Rel-16 eMIMO, and not by us.
Although we don't think there is any problem with reusing Rel-16 mechanism, considering that this is the last meeting in the WI, we can reach a working assumption that notes if Rel-16 changes its rules, Rel-17 above 52.6GHz will also change accordingly.
Proposal 1h (Modified): 
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
-  Notes: If Rel-16 changes above rules on QCL acquisition when the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA', Rel-17 FR2-2 will also change accordingly.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.


	vivo
	We support proposal 1e and 1f. 
If split of proposal 1f has to be done, then we support proposal 1e, 1g and 1h.

	Moderator
	The following is a summary of the supports. As some companies did not expressed their views explicitly, I tried to reflect the views based on my understanding. Please correct the following if the summary needs any correction. In addition, the moderator counted any company supporting both Proposal 1g and 1h as a supporting company of Proporsal 1f as Proposal 1f is a merged proposal of Proposal 1g and 1h.

QCL assumption for multi-TRP
Proposal 1f
Support: Ericsson, ZTE/Sanechips, Intel, Samsung, CATT, ZTE/Sanechips, vivo, InterDigital
No support: Huawei/HiSi,

Proposal 1g (Splitted proposal from Proposal 1f for multi-DCI multi-TRP)
Support: Huawei/HiSi, Intel, Samsung, CATT, Futurewei, ZTE/Sanechips, vivo, InterDigital, Ericsson
No support: Ericsson

Proposal 1h (Splitted proposal from Proposal 1f for single-DCI multi-TRP)
Support: Intel, Samsung, CATT, ZTE/Sanechips, vivo, InterDigital, Ericsson
No support: Ericsson

Proposal 1i (Updated Proposal 1h from Huawei )
Support: Huawei/HiSi
No support: Ericsson, Intel, Samsung, InterDigital

QCL assumption for cross carrier scheduling
Proposal 1e: Intel, Ericsson, ZTE/Sanechips, Samsung, Futurewei, vivo

It seems that Proposal 1g and Proposal 1e are agreeable. Let’s try to approve in the email discussion. 

@Futurewei/All: 

For Proposal 1h, I don’t think the language is open. As highlighted in yellow, it’s for each PDSCH. Having said that, the interpretation should be same as Rel-16 single PDSCH. For example, the first PDSCH transmission occasion should be a first PDSCH transmission occasion of a single PDSCH not a first PDSCH of multiple scheduled PDSCHs. 

· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
@Futurewei: For the corner case, if the offset of the first PDSCH transmission occasion is less than timeDurationForQCL and the second transmission occasion is after timeDurationForQCL in each PDSCH, then it should follow default TCI states as clarified in the above for tdmSchemeA.

	Ericsson
	Since splitting proposals seems to enable progress, we are okay with it. Please see our amended view above marked in red. In summary, we support Proposal 1e and 1g.
To make further progress, I'd like to suggest 3 possible ways forward (in order our our preference).
· WF1: Agree on Proposal 1h
· WF2: Agree on Proposal 1h (with ZTE's note)
· WF3: Agree on the below split of Proposal i into a 1st part with FFS on 2nd part.
With WF3, at least we could agee on most parts, and one case is left over. If this was agreeable, and the FFS is not resolved, it would mean that a default QCL assumption for the combination of sDCI mTRP + multi-PDSCH would not be specified for the case of repetitionScheme = 'tdmSchemeA'. If the FFS can be resolved in maintenance, then that case would be supported too.
Proposal 1i (Split version)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset a first PDSCH transmission occasion < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
FFS: QCL assumption for the case When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset a first PDSCH transmission occasion ≥ timeDurationForQCL.


	Qualcomm
	For 1g, wonder why we only mention mDCI based mTRP? No clarification for sDCI based mTRP? We prefer no such partial clarification in last meeting. To our understanding, no agreement is needed if R15/16 rule is reused. 

For 1e, suggest to put the deleted part in bracket and decide after the meeting completes. Better let other session people to verify in the spec draft review phase. Suggest to move the last bullet under the 2nd main bullet, since they are all under the condition that enableDefaultBeamForCCS is configured. Finally, suggest to add the note to say this may not have spec impact for the editor. 

For single-TRP with multi-PDSCH cross-carrier scheduling
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is not configured with enableDefaultBeamForCCS:
When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' [or tci-PresentDCI-1-2 is configured for the CORESET], and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is configured with enableDefaultBeamForCCS:
When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL if the UE is configured with enableDefaultBeamForCCS.
· Note: All the above bullets may not have spec impact except for the part in bracket. 



	Moderator
	@Qualcomm
For 1g, the reason is there are some different proposals for sDCI based mTRP. Also, I don’t think that no agreement is needed as multi-PDSCHs scheduled by a single DCI is a new feature. 
For 1e, I don’t see big difference between bracket and strikethrough. 
In my understanding, the issue should be discussed in 8.2.5 scheduling and HARQ not in 8.2.4 as the point is whether DCI format 1-2 is supported for multi-PDSCH or not. 
If use of DCI format 1-2 is agreed in 8.2.5, then the sentence will be naturally added.
In addition, I don’t see why we need to move the last bullet under the 2nd main bullet. 
The last sub-bullet is for each PDSCH ≥ timeDurationForQCL and the first bullet is for each PDSCH < timeDurationForQCL.



Clean Versions of Proposals for GTW Session (Nov 19th)

The following is a summary of companies’ support.

QCL assumption for multi-TRP
Proposal 1f
Support: Ericsson, ZTE/Sanechips, Intel, Samsung, CATT, ZTE/Sanechips, vivo, InterDigital
No support: Huawei/HiSi

Proposal 1g (Splitted proposal from Proposal 1f for multi-DCI multi-TRP)
Support: Huawei/HiSi, Intel, Samsung, CATT, Futurewei, ZTE/Sanechips, vivo, InterDigital, Ericsson

Proposal 1h (Splitted proposal from Proposal 1f for single-DCI multi-TRP)
Support: Intel, Samsung, CATT, ZTE/Sanechips, vivo, InterDigital, Ericsson
No support: Huawei/HiSi

Proposal 1i (Updated Proposal 1h from Huawei )
Support: Huawei/HiSi
No support: Ericsson, Intel, Samsung, InterDigital, LG

QCL assumption for cross carrier scheduling
Proposal 1e: Intel, Ericsson, ZTE/Sanechips, Samsung, Futurewei, vivo, Huawei/HiSi

Proposal 1e (Updated based on Huawei’s comment)
For single-TRP with multi-PDSCH cross-carrier scheduling
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is not configured with enableDefaultBeamForCCS:
· When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled', and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
· The following Rel-16 rule is applied for each scheduled PDSCH if the UE is configured with enableDefaultBeamForCCS:
· When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL if the UE is configured with enableDefaultBeamForCCS.

Proposal 1g (Splitted proposal for multi-DCI multi-TRP from Proposal 1f)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-	If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-	the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
-	The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.

Proposal 1h (Splitted proposal for single DCI multi-TRP from Proposal 1f)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.

Proposal 1i (Updated proposal from Huawei)
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-	If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA', and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the latest slot. in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.

Multiple TCI states/SRIs for multiple PDSCHs/PUSCHs with multi-TRPs
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[vivo, 3]
	Proposal 2:	For multi-PDSCHs scheduling, these schemes including ‘SDM’, ‘FDMSchemeA’, ‘FDMSchemeB’, ’TDMSchemeA’ and ‘repetitionNumber-R16’ can be configured.
Proposal 3:	study which patterns in figure 1 are supported in case of joint configuration of multi-PDSCHs scheduling and scheme ‘repetitionNumber-R16’.

	[CATT, 6]
	Proposal 6: The multi-PUSCH scheduling by the same DCI should be grouped when the number of scheduling PUSCH is more than two.

	[OPPO, 7]
	Proposal 1: for FDM, wideband-wise or RBG-wise resource splitting between two TRPs are applied to each of the multi-scheduled PDSCHs.
Proposal 2: Reusing the offset from the last scheduled PDSCH from the first TRP to determine the first scheduled PDSCH from the second TRP.

	[Sony, 8]
	Proposal 2	: For single-DCI scheduled multi-PUSCH for multi-TRP, support up to 2 SRIs and each SRI is pointed to each TRP.

	[LGE, 18]
	Proposal #5: It should be clarified whether UE can be configured with repetitionNumber in DCI format 1_2 or not, for a serving cell configured with pdsch-TimeDomainResourceAllocationListForMulti PDSCH.
Proposal #6: It should be discussed how to guarantee StartingSymbolOffsetK symbols between the last symbol of the second PDSCH occasion of TB#1 and the first symbol of the first PDSCH occasion of TB#2, in order to support TDM scheme A for multi-PDSCH scheduling for multi-TRPs.



Summary of views
In RAN1#106bis-e, the following supports of multiple TCI states for multi-TRP are agreed.
	Agreement:
The working assumption in RAN1#106-e is confirmed with the following update:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated, reuse Rel-16 association rules to apply the two TCI states for each PDSCH scheduled by a multi-PDSCH scheduling DCI
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs
· Within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber



Based on the above agreement, the following companies’ views are observed.
	#
	Issue
	Companies’ views

	2.1
	Support of multi-PDSCHs with multi-TRP
	Wideband-wise or RBG-wise resource splitting for FDM: Oppo
Reuse of the offset of the last scheduled PDSCH from the first TRP to the first scheduled PDSCH of the second TRP: Oppo
Whether UE can be configured with repetitionNumber in DCI format 1_2 or not: LGE
How to guarantee StartingSymbolOffsetK symbols between the last symbol of the second PDSCH occasion and the first symbol of the first PDSCH occasion: LGE

	2.2
	Support of multi-PUSCHs with multi-TRP
	Support of multiple groups of PUSCHs and multiple SRIs: CATT, Sony



1st round discussion
Observation 2
The moderator observed that few companies indicated necessity of further clarifications of multi-PDSCH operation. In addition, few companies indicated their preference to support specification enhancement for multi-PUSCHs with multi-TRP. Companies are asked to answer the following questions.

Q1. Do you think that additional clarification is needed for multi-PDSCHs by a single DCI with multi-TRP (e.g., the offset between the last scheduled PDSCH of the first TRP and the first scheduled PDSCH of the second TRP)? If so, what would be the required clarification?
Q2. Do you think that enhancement of multi-PUSCHs by a single DCI is needed (e.g., supporting multiple groups/SRIs)? If so, what would be the required enhancement?

	Company
	Input

	vivo
	Q1: We missed the last bullet in previous agreement and made proposal 2 and 3 in [3] in mistake. Now, we don’t think any further clarification is needed for multi-PDSCHs by a single DCI with multi-TRP.
Q2: Our understanding of PUSCH repetition for M-TRP in Rel-17 MIMO session is that they multi-PUSCHs is not considered. Considering limited time of Rel-17 WI, we prefer not to consider enhancement to support multi-PUSCHs for M-TRP in Rel-17.

	LG Electronics
	Q1: As we stated in our Tdoc [18], we suggest to discuss the following two aspects.
1) According to the highlighted sentence in the previous agreement, higher layer parameter repetitionNumber cannot be configured with the TDRA table for multi-PDSCH scheduling (i.e., TDRA table for DCI format 1_1). It can be interpreted such that if DCI format 1_2 can be configured with a separate TDRA table (i.e., pdsch-TimeDomainAllocationListDCI-1-2), the higher layer parameter repetitionNumber can be configured with DCI format 1_2. However, in 214 spec CR, this agreement is captured with the statement “If a UE is configured with [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the UE does not expect to be configured with higher layer parameter repetitionNumber.” Therefore, we should clarify whether TDRA with DCI format 1_2 can be configured with repetitionNumber even if multi-PDSCH scheduling is configured with DCI format 1_1.

Agreement: (RAN1#106bis-e)
The working assumption in RAN1#106-e is confirmed with the following update:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· When two TCI states are indicated, reuse Rel-16 association rules to apply the two TCI states for each PDSCH scheduled by a multi-PDSCH scheduling DCI
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs
· Within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber

2) We need to discuss how to guarantee StartingSymbolOffsetK symbols between the last symbol of the second PDSCH occasion of TB#1 and the first symbol of the first PDSCH occasion of TB#2.


	Qualcomm
	No for both questions

	Xiaomi
	Q1: Additional clarification is not needed. And there is no need to discuss the offset mentioned in the parentheses. The transmission scheme for single DCI based mTRP is shown in figure below. We do not think there is “the last scheduled PDSCH of the first TRP” and “the first scheduled PDSCH of the second TRP”.
[image: ]
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Q2: Agree with vivo.

	Samsung
	We don’t think any clarification or enhancements are needed.

	NEC
	Additional clarification and enhancement is not needed in this release.

	LG Electronics2
	To Xiaomi: In intra-slot repetition, offset K should be guaranteed between t1 and t2 in the slot1. However, for multi-PDSCH scheduling case, there could be consecutive PDSCHs in slot1 and slot2. In that case, what do you think that the gap between t2 in slot 1 and t1 in slot 2? What we proposed is that offset K between t2 in slot 1 and t1 in slot 2 should guaranteed.

	DOCOMO
	Q1: No need to have further clarification or enhancement.
Q2: We prefer not to consider single DCI mTRP multi-PUSCH in Rel-17.

	Lenovo, Motorola Mobility
	Q1: We think there is no need for further clarification
Q2: We think there is no need for enhancement of multi-PUSCHs by a single DCI. 

	OPPO
	We echo with LG on their 2) point. Clarification is needed for R17 in the context of multiple PDSCH scheduling, where same gap should be maintained or different gap values should be provided. Given that the TDRA is per-PDSCH, it would be difficult to maintain a same gap cross multiple PDSCH slots. 

	ZTE, Sanechips
	No additional clarification for Q1 and no enhancement for Q2 are needed.

	Intel
	Q1: Not needed.
Q2: Not needed.
Considering limited time in RAN1 to finalize all aspects of NR above 52.6 GHz, additional enhancements of the multi-TRP case for multi-PDSCH(PUSCH) should be down prioritized.

	Huawei, HiSilicon
	Q1: We don’t see any necessary issue to be addressed at this point. 
Q2: We don’t see any necessary issue to be addressed at this point. 

	CATT
	Q1: We don’t see any necessary issue
Q2: We are ok to deprioritize this issue if this is the group’s view.

	Ericsson 
	No for both questions



Proposal 2
TBU
1st round discussion summary
TBU
Parameters Associated with Beam-based Operation
maxNumberRxTxBeamSwitchDL
Observations and Proposals from Contributions
	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 1:  UL-DL or DL-UL w/o spatial domain filter change should be counted as a beam switch in maxNumberRxTxBeamSwitchDL.
Proposal 4: A UE can drop the low priority signal(s)/channel(s) in a slot when additional beam switch is required and the number of beam switches has already reached maxNumberRxTxBeamSwitchDL.

	[FUTUREWEI, 2]
	Proposal 3: UE is expected to prioritize reception based on a priority ranking and is expected to receive those symbols in a slot (using their corresponding beams) that are associated with signals (or channels) whose priorities are in the top maxNumberRxTxBeamSwitchDL highest priorities among signals of all symbols in that slot. 
·  Reuse Rel.15/16 priority ranking

	[MediaTek, 21]
	Proposal 1: For maxNumberRxTxBeamSwitchDL, the feasibility of candidate value {7} for 480kHz and candidate values {4,7} for 960kHz should be further discussed after the RAN4 decision on the beam switching time for 480kHz and 960kHz.



Summary of views
In RAN1#106bis-e, the following agreements on maxNumberRxTxBeamSwitchDL are agreed.
	Agreement:
For maxNumberRxTxBeamSwitchDL, support 1, 4 and 7 as candidate values for 960 kHz in addition to the agreed candidate value 2.
· Note: this is Alt-1 from the RAN1#106 agreement.



Based on the above agreement, the following companies’ views are observed.
	#
	Issue
	Companies’ views

	3.1
	UE prioritization within maxNumberRxTxBeamSwitchDL
	· Support: Huawei/HiSi, Futurewei
· [Huawei/HiSi]: To solve the issue, based on the predefined priority levels, a low capability UE can drop the low priority signal(s)/channel(s) in a slot when additional beam switch is required and the number of beam switches has already reached maxNumberRxTxBeamSwitchDL.
· [Futurewei]: As remarked earlier, relying on gNB scheduling alone to avoid such scenario may become limited by the worst-case. For UE behavior the priority ranking from Rel.15/16 can again be used which is to prioritize PDCCH over PDSCH and a PDCCH in CORESET of lower ID over other PDCCH.

	3.2
	Count UL-DL or DL-UL without spatial domain filter change as a beam switch for maxNumberRxTxBeamSwitchDL
	· Support: Huawei/HiSi
· [Huawei/HiSi]: In our opinion, as Tx/Rx (or Rx/Tx) conversion causes additional time cost, UL-DL or DL-UL should be counted even without spatial domain filter change.

	3.3
	Feasibility {7} for 480 kHz and {4, 7} for 960 kHz as candidate values of maxNumberRxTxBeamSwitchDL
	· Support: MediaTek
· [MediaTek]: In the latest discussion, RAN4 further agreed on the RX-TX beam switching time for 480kHz and 960kHz to be the same 7.015us as the RX-TX beam switching for 120kHz. Based on the agreed beam switching time, it is around 3 symbols for 480kHz and 6 symbols for 960kHz, which restrict the maximum number of beam switching time within a slot of 480kHz and 960kHz to be at most 4 and 2, respectively. Although LS from RAN4 has not been received by RAN1, further discussion on the agreed candidate values of maxNumberRxTxBeamSwitchDL for 480kHz and 960kHz is necessary.



1st round discussion
Observation 3
The moderator observed that few companies indicated that UE prioritization mechanism is needed to limit number of beam switching within maxNumberRxTxBeamSwitchDL. Also, one company preferred to count UL/DL and DL/UL switching within a same beam as a beam change. In addition, one company to further discuss the agreed candidate values for {7} for 480 kHz and {4, 7} for 960 kHz. Based on the observation, companies are asked to answer the following questions.

Q1. Do you think that UE prioritization of signals/channels is needed to secure UE beam switching rather than resolving the issue by gNB implementation?
Q2. Do you think that UL/DL and DL/UL switching within a same beam should be counted as a beam change for maxNumberRxTxBeamSwitchDL?
Q3. Do you agree to hold the discussion of candidate values {4} for 480 kHz and {4, 7} for 960 kHz until RAN4 LS?

	Company
	Input

	Futurewei
	Q1. We believe prioritization is needed because newer agreed values of maxNumberRxTxBeamSwitchDL such as {1,2} for 960 kHz and {2} for 480 kHz are very limiting and relying on gNB scheduling/configuration alone can be quite restrictive. We note that precedence relations have already been defined in FR2-1 for overlapping PDCCH/PDSCH and PDCCH/PDCCH with different QCL-TypeD situations. 
Q2 Open to this
Q3 Open to this.

	Qualcomm
	Q1: No
Q2: Yes
Q3: No

	Xiaomi
	Q1: No
Q2: Yes
Q3: OK to hold the discussion

	Samsung
	Q1: No
Q2: Yes
Q3: Yes, we agree to hold the discussion at least {7} for 960 kHz

	LG Electronics
	Q1: No
Q2: Up to UE implementation
Q3: Question is unclear to us. Agreement is agreement. UE can provide its capability based on capability signaling.

	DOCOMO
	Q1: No
Q2: Yes
Q3: No

	Lenovo, Motorola Mobility
	Q1: No
Q2: Yes
Q3: We are open to hold the discussion

	ZTE, Sanechips
	Q1: No
Q2: Yes, but does this issue belong to the WI on FR2-2?
Q3: No. Same views as LGE.

	Intel
	Q1: We think the network can handle this issue based on the maxNumberRxTxBeamSwitchDL provided by the UEs.
Q2: We don’t think it is needed to mix Rx/Tx beam switches for DL and DL/UL and UL/DL switches within the same parameter maxNumberRxTxBeamSwitchDL. May be a separate parameter could be considered for counting UL/DL and DL/UL switches.
Q3: We don’t think any further discussion is needed on the already agreed values. Anyway, maxNumberRxTxBeamSwitchDL is up to signaling from the UE. So, UE could always signal lower values.

	Huawei, HiSilicon
	Q1: No.
Q2: Yes.
Q3: No further discussion is required on this matter. We are OK with the already agreed values

	CATT
	Q1: No.
Q2: Yes.
Q3: No .



1st round discussion summary

The following is a summary of discussions.
Q1. UE prioritization
Yes: Futurewei, 
No: Qualcomm, Xiaomi, Samsung, LG(?), Docomo, Lenovo/MotM, ZTE/Sanechips, Intel, Huawei/HiSi, CATT
Q2. Count UL/DL and DL/UL switching within a same QCL Type-D as a beam change for maxNumberRxTxBeamSwitchDL
Yes: Qualcomm, Xiaomi, Samsung, Docomo, Lenovo/MotM, ZTE/Sanechips, Huawei/HiSi, CATT
No: LG(?), Intel, 
Open: Futurewei
Q3. Hold the discussion of candidate values {4} for 480 kHz and {4, 7} for 960 kHz until RAN4 LS.
Yes (hold the discussion): Xiaomi, Samsung, Lenovo/MotM
No: Qualcomm, Docomo, CATT
No further discussion: LG, ZTE/Sanechips, Intel, Huawei/HiSi
Open: Futurewei

2nd round discussion
Observation 3
1. UE prioritization
It seems that majority companies prefer to not support UE prioritization to secure UE beam switching time and the beam switching time can be handled by gNB implementation. Having said that, the moderator provides the following suggestion.
Moderator suggestion: No further discussion for UE prioritization to secure UE beam switching time
	Company
	Input

	Ericsson
	Agree with moderator's suggestion

	ZTE, Sanechips
	Support Moderator’s suggestion

	Qualcomm
	Support FL’s proposal

	Huawei, HiSilicon
	Agree with moderator’s suggestion

	DOCOMO
	Fine with the suggestion.

	Samsung
	Fine with suggestion

	Intel
	Agree with moderator’s suggestion.	

	Lenovo, Motorola Mobility
	We are fine with Moderator’s suggestion

	CATT
	We are fine with Moderator’s suggestion

	Moderator
	All companies are fine with not further discussing UE prioritization. The discussion is now closed.



[bookmark: _Hlk87966002]2. Count UL/DL and DL/UL switching within a same QCL Type-D as a beam change for maxNumberRxTxBeamSwitchDL
Majority companies indicated that their preference to count UL/DL and DL/UL switching within a same QCL Type-D as a beam change for maxNumberRxTxBeamSwitchDL. Based on the understanding, the companies are asked to provide their preferences on the following question. 
Q1. Do you want to support the new behavior in which situation?
Alt 1. For new SCSs (i.e., 480 kHz and 960 kHz)
Alt 2. For FR2-2
Alt 3. Without limitation (i.e., possibly including FR2-1)
· Note: In moderator’s view, this alternative may be out of scope of this WI
	Company
	Input

	LG Electronics
	From our understanding, how to count the number of DL/UL or UL/DL switching beams is not specified and up to UE implementation and the same approach can be applied to FR2-2.

	Ericsson
	We believe the question is unclear given the current definition of maxNumberRxTxBeamSwitchDL which includes both Tx and Rx beam switches

	Qualcomm
	Ideally, support Alt3, but can also live with Alt2. The clarification is more critical for FR2-2. Otherwise, both sides will have misaligned beam switch counts. 

	Huawei, HiSilicon
	First, we don’t consider it as a new behavior. We are just trying to clarify what was ambiguous in Rel-15/16. Having said that, our first preference is Alt 3 (as it is just a clarification of a behavior). If this is not agreeable by companies, we are OK with Alt 2. 

	DOCOMO
	We share Ericsson’s view that the current definition of maxNumberRxTxBeamSwitchDL also has taken UL/DL and DL/UL switching into account. It is not new behavior. 

	Intel
	No, we don’t want to support the new behavior.

	Lenovo, Motorola Mobility
	We are open to Alt3. However, considering the scope of the current WI, we prefer to support Alt2

	Xiaomi
	We prefer Alt 3, because the definition of maxNumberRxTxBeamSwitchDL in current specification has the same problem.

	ZTE, Sanechips
	This is not a special issue for FR2-2, and we think FR2-2 should use the same behavior as in FR2-1. We prefer Alt 3.



[bookmark: _Hlk87795616]3. Holding the discussion of candidate values {4} for 480 kHz and {4, 7} for 960 kHz until RAN4 LS.
While some companies preferred to discuss this issue, more companies are fine with holding the discussion. In addition, majority companies believe that this issue can be handled by UE capability signaling. For example, if the UE is not able to support the candidate values 4 for 480 kHz and/or 4, 7 for 960 kHz, the UE can report lower candidate values. Based on the understanding, the moderator provides the following suggestion. 
Moderator suggestion: No further discussion for candidate values {4} for 480 kHz and {4, 7} for 960 kHz
	Company
	Input

	LG Electronics
	Support Moderator’s suggestion.

	Ericsson
	Agree with the moderator's suggestion. The values are already agreed, hence the discussion does not need to be reopened.

	Qualcomm
	Fine with FL’s suggestion

	Huawei, HiSilicon
	Support moderator suggestion

	MediaTek
	We understand those values have already been agreed in the last meeting. However, based on RAN4’s agreement, it is our understanding that the RX-TX beam switching time for 480kHz and 960kHz is the same 7.015us as the RX-TX beam switching time for 120kHz. Therefore, how to interpret the RAN4’s agreement along with the candidate values we agreed is our question.  

	DOCOMO
	Fine with the suggestion.

	Samsung
	We still think {7} for 960 kHz is unavailable. However, we agreed the values and it should not be discussed unless critical issue occurs.

	Intel
	Agree with moderator’s suggestion.

	Lenovo, Motorola Mobility
	We are fine with Moderator’s suggestion

	Moderator
	It seems that majority companies are fine with the moderator suggestion. In that regard, this discussion is closed now. 



A minimum guard period Y between two SRS resources of an SRS resource set for antenna switching (Closed)
Observations and Proposals from Contributions
	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 2:  Wait for RAN4 feedback on the switching time requirement before determining the value of Y for 480 kHz and 960 kHz.

	[ZTE/Sanechips, 4]
	Proposal 1: For minimum guard period Y, a same scaled value from 120 kHz can be defined for 480 kHz and 960 kHz e.g. 4 symbols, which can be confirmed after RAN4 feedback the switching time requirement.

	[Nokia/NSB, 5]
	Proposal 3: Support following value of minimum guard period Y between two SRS resources of an SRS resource set for antenna switching for 480 kHz and 960 kHz
· Y=3 for 480kHz, Y=5 for 960kHz

	[CATT, 6]
	Proposal 3: For SCS 480/960 kHz, the values of Y should be different with SCS 120 kHz, which is 8 and 16. 

	[Intel, 10]
	Proposal 2: The minimal guard period between SRS resources for antenna switching for SCS 480 kHz and 960 kHz is Y=2.
Proposal 3: Depending on the availability of RAN4 feedback on antenna switching time requirements for a UE, introduce an optional UE capability for guard period of SRS antenna switching. When this capability is not reported, the minimal value of Y=2 is assumed for the guard period for antenna switching between SRS resources with SCS 480 kHz and 960 kHz. Otherwise, the value indicated in the capability signalling is used.

	[Samsung, 14]
	Proposal 1: Support values of Y dependent on RAN4 feedback on the switching time requirement

	[InterDigital, 15]
	Observation 1: The simple extrapolation of the number of symbols required for antenna switching gap with SRS resource set transition will lead to 8 and 16 blanked symbols respectively for 480 and 960KHz SCS if we use the absolute time duration for low SCSs.
Observation 2: Supporting low values of antenna switching gap would bring efficient NR operation in 52-71GHz. 
Proposal 1: Introduce a UE capability signaling to indicate one of [2, 8] for 480 kHz and [2, 16] for 960 kHz, where 8 and 16 are mandatory values for 480 kHz and 960 kHz, respectively.

	[Apple, 16]
	Proposal 1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching are defined as ‘8’ symbols and ‘16’ symbols for 480kHz and 960kHz SCS, respectively.         



Summary of views
In RAN1#106bis-e, the following agreements on a minimum guard period Y are agreed.
	Agreement:
Like in Rel-15, a minimum guard period Y between two SRS resources of an SRS resource set for antenna switching is supported for 480 kHz and 960 kHz
· FFS: Whether to define different values of Y for 480 kHz and 960 kHz or not
· FFS: Values of Y dependent on RAN4 feedback on the switching time requirement



Based on the above agreement, the following companies’ views are observed.
	#
	Issue
	Companies’ views

	4.1
	Values of a minimum guard period Y between two SRS resources of an SRS resource set for antenna switching
	· Hold the discussion until RAN4 feedback: Huawei/HiSi, Samsung
· 2 symbols for both 480 kHz and 960 kHz: Intel (with UE capability)
· 4 symbols for both 480 kHz and 960 kHz: ZTE/Sanechips
· 3 symbols for 480 kHz and 5 symbols for 960 kHz: Nokia/NSB
· Scaled values based on the value for 120 kHz (8 symbols for 480 kHz and 16 symbols for 960 kHz): CATT, Apple
· UE capability (2/8 for 480kHz and 2/16 for 960 kHz): InterDigital




1.1.1.1.1 1st round discussion
Observation 4
No clear majority view is observed by the moderator. Given the situation, the moderator suggests holding the discussion until RAN4 feedback. 

Q1. Do you agree with the moderator’s suggestion that holding the discussion until RAN4 feedback?

	Company
	Input

	Futurewei
	We agree

	Qualcomm
	Fine

	Xiaomi
	Agree

	Samsung
	Agree

	LG Electronics
	Agree

	DOCOMO
	Agree.

	Lenovo, Motorola Mobility
	Agree

	ZTE, Sanechips
	Agree

	Intel
	We’re fine to hold the discussion in principle.
However, what will RAN1 do if the feedback from RAN4 is late? We should start thinking about what to do in RAN1 to finalize specification work without the feedback from RAN4. One possible approach is to have at least a placeholder for Y in the UE capability signalling.

	Huawei, Hisilicon
	OK to wait for RAN4 input

	CATT
	Agree

	Moderator
	@Intel: I believe that we can have a placeholder based on the existing agreement as we already agreed to support it for 480/960kHz.

	Ericsson
	Should wait for RAN4 input



1st round discussion summary
Majority companies agreed to hold the discussion until RAN4 input. Given the situation, this discussion is closed until RAN4 feedback.  

Beam switching gap and scheduling restrictions for higher SCSs
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 3: Regarding beam switch time, support the following
· Support a UE capability signaling for beam switch time.
· UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than X =[60] ns for 960 kHz or X=[120] ns for 480 kHz SCS.

	[FUTUREWEI, 2]
	Proposal 1 Regarding beam switch time, support the following
· Support a UE capability signalling for beam switch time.
· UE is not expected to receive adjacent symbols with different QCL-D assumptions when the indicated beam switch time of UE is larger than threshold X ns.
· Threshold X depends on the CP time of the operating SCS (X =[60] ns for 960 kHz and X=[120] ns for 480 kHz SCS). 
Proposal 2: Analogous to the overlapping PDCCH/PDSCH and PDCCH/PDCCH with different QCL-TypeD situation in FR2-1, in FR2-2 a precedence relation is necessary for UEs incapable of adjacent symbol reception with beam switching.
· Adopt precedence relations based on Rel. 15/16.  

	[ZTE/Sanechips, 4]
	Observation 1: Rel-15/16 NR specifications have enough flexibility to support beam switching for non-SSB channels/signals with new SCSs 480 kHz and 960 kHz, even if the lengths of CP are not enough for beam switching.
Proposal 2: We agree to introduce a UE capability for the UE reporting the beam switching time it can support before RAN4 makes a final conclusion on beam switching time.

	[CATT, 6]
	Observation 4: In order to guarantee the reception performance of PDSCH, the additional beam switching gap need to be reserved before the PDSCH.
Proposal 5: When the additional beam switching gap is introduced, QCL assumption needs to be investigated.

	[Ericsson, 9]
	Proposal 4	To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signalling that can provide the network with knowledge related to the UE beam switch time.

	[Intel, 10]
	Proposal 1: Support UE capability signaling for beam switching time. The signaling may indicate a UE needs at least 1 symbol gap for both 480 kHz and 960 kHz.

	[Samsung, 14]
	Proposal 2: Reserve one symbol for beam switching gap when using 480 kHz and 960 kHz SCSs.
Proposal 3: Support UE capability signalling for beam switching time except for SSB, which has already been addressed in A.I. 8.2.1

	[LGE, 18]
	Proposal #1: At least for 960 kHz, introduce new UE capability signaling for beam switching time considering at least the following case, and UE does not expect to receive adjacent DL signals/channels with a symbol-level gap which is no less than the indicated beam switching time.
· Beam switching time between DL signals/channels (e.g., PDCCH/PDSCH/CSI-RS) with different QCL Type-D source RSs
Proposal #2: At least for 960 kHz, introduce new UE capability signaling for beam switching time considering at least the following cases, and UE does not expect to transmit adjacent UL signals/channels with a symbol-level gap which is no less than the indicated beam switching time.
· Beam switching time between UL signals/channels (e.g., PUCCH/PUSCH/SRS) with different spatial relation RSs
· Beam switching time between SRS resources (e.g., BM SRS) without configured spatial relation RSs

	[NTT Docomo, 19]
	Proposal 1: Support UE capability signaling for following cases.
· Beam switching time between DL signals/channels with different QCL Type-D source RSs
· The required guard period for beam switching time should follow RAN4 feedback.
· The UE does not expect to receive adjacent DL signals/channels within the indicated beam switching time.
· The beam switching time is supported for PDSCHs/PDCCHs/CSI-RSs.
· Beam switching time between UL signals/channels with different spatial relation RSs
· The required guard period for beam switching time should follow RAN4 feedback.
· The UE does not expect to transmit adjacent UL signals/channels within the indicated beam switching time.
· The beam switching time is supported for PUSCHs/PUCCHs/SRSs.

	[Qualcomm, 20]
	Proposal 1: Support UE capability for the beam switch time gap, such that UE is NOT expected to be scheduled/configured with a signal within the beam switch action time before and after another signal if the two signals correspond to one of the following cases.
· Case 1:
· Any two signal that have different specified QCL-TypeD assumptions
· Case 2: 
· One signal has specified QCL-TypeD assumption, while the other is SSB or CSI-RS without specified QCL-TypeD assumption
· Case 3:
· The two signals are two CSI-RS resources without specified QCL-TypeD assumption
· Case 4: 
· The two signals are two CSI-RS resources with same specified QCL-TypeD assumption in a resource set with higher layer parameter Repetition set to ‘ON’ 
· Case 5:
· Any two signals that have different specified spatial relations
· Case 6:
· One signal has specified spatial relation assumption, while the other is SRS without specified spatial relation
· Case 7:
· The two signals are two SRS resources without specified spatial relation
· Note:
· [bookmark: _Hlk83722397]The above “specified” means the beam indication is either explicitly provided by gNB or implicitly determined by spec.



Summary of views
	#
	Issue
	Companies’ views

	5.1
	Introduction of explicit beam switching gap or scheduling restriction
	Beam switching gap: CATT, Samsung
· [Samsung]: Reserve one symbol for beam switching gap when using 480 kHz and 960 kHz SCSs.
Scheduling restriction: Huawei/HiSi, Futurewei, LGE (at least for 960 kHz), NTT Docomo, Qualcomm
· [Futurewei]: Analogous to the overlapping PDCCH/PDSCH and PDCCH/PDCCH with different QCL-TypeD situation in FR2-1, in FR2-2 a precedence relation is necessary for UEs incapable of adjacent symbol reception with beam switching.
· [LGE]: At least for 960 kHz, introduce new UE capability signaling for beam switching time considering at least the following case, and UE does not expect to receive adjacent DL signals/channels with a symbol-level gap which is no less than the indicated beam switching time.
No: ZTE/Sanechips
· [ZTE/Sanechips] Rel-15/16 NR specifications have enough flexibility to support beam switching for non-SSB channels/signals even if the lengths of CP are not enough for beam switching

	5.2
	Introduction of UE capability reporting on UE beam switching time
	Yes: Huawei/HiSi, Futurewei, ZTE/Sanechips, Intel, Samsung, LGE, NTT Docomo, Qualcomm
· [Ericsson] To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signalling that can provide the network with knowledge related to the UE beam switch time (on the order of 10s of ns, rather than 10s of symbols).
Further discuss: Ericsson
· [Ericsson]: To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signalling that can provide the network with knowledge related to the UE beam switch time.



1st round discussion
Observation 5
The moderator observed that majority companies support introduction of UE capability reporting on beam UE beam switching time. Companies are asked to provide their views on Proposal 5a and Proposal 5b (based on Proposal 4b and Proposal 4e from the summary of RAN1#106-bis). 

Proposal 5a
Support UE capability signaling for following cases:
· Beam switching time between DL signals/channels with different QCL Type-D source RSs
· The UE does not expect to receive adjacent DL signals/channels within the indicated beam switching time
· FFS: Which DL signals/channels should be supported
· FFS: Whether apply the same beam switching time between CSI-RS resources without QCL Type-D source RS or between DL signals/channels with same QCL Type-D source RS
· Beam switching time between UL signals/channels with different spatial relation RSs
· The UE does not expect to transmit adjacent UL signals/channels within the indicated beam switching time
· FFS: Which UL signals/channels should be supported

Proposal 5b
· Regarding beam switch time, support the following
· Support a UE capability signaling for beam switch time.
· Within each slot, UE .
· FFS: Value of X and whether it depends on the CP time of the operating SCS (eg X =[60] ns for 960 kHz and X=[120] ns for 480 kHz SCS). 
· FFS: Whether apply the same beam switching time between CSI-RS resources without QCL Type-D source RS or between DL signals/channels with same QCL Type-D source RS

Proposal 5c
· Regarding beam switch time, support the following
· Support a UE capability signaling for beam switch time.
· Within each slot, UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than X ns.
· FFS: Value of X and whether it depends on the CP time of the operating SCS (eg X =[60] ns for 960 kHz and X=[120] ns for 480 kHz SCS). 
· FFS: Whether apply the same beam switching time between CSI-RS resources without QCL Type-D source RS or between DL signals/channels with same QCL Type-D source RS

Proposal 5d
· Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
· In UE capability session, discuss what candidate values of the beam switching time should be supported

Proposal 5e (Updated based on LG’s comment)
· Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
· In UE capability session, discuss what candidate values of the beam switching time should be supported
· UE is not expected to be scheduled/configured with a signal/channel on X symbol(s) before to and X symbol(s) after of another signal/channel if UE indicates that beam switching time no more than X symbols is required to transmit/receive those signals/channels consecutively.

	Company
	Input

	Futurewei
	We prefer a modification of Proposal 5b in which “Within each slot” removed. This is because beam switching time limitation will apply across slot boundary. 
 

	Qualcomm
	Support Proposal 5c below with all scenarios clearly defined for the last meeting. 

Proposal: Support UE capability for the beam switch time gap, such that UE is NOT expected to be scheduled/configured with a signal within the beam switch action time before and after another signal if the two signals correspond to one of the following cases.
· Case 1:
· Any two signal that have different specified QCL-TypeD assumptions
· Case 2: 
· One signal has specified QCL-TypeD assumption, while the other is SSB or CSI-RS without specified QCL-TypeD assumption
· Case 3:
· The two signals are two CSI-RS resources without specified QCL-TypeD assumption
· Case 4: 
· The two signals are two CSI-RS resources with same specified QCL-TypeD assumption in a resource set with higher layer parameter Repetition set to ‘ON’ 
· Case 5:
· Any two signals that have different specified spatial relations
· Case 6:
· One signal has specified spatial relation assumption, while the other is SRS without specified spatial relation
· Case 7:
· The two signals are two SRS resources without specified spatial relation
· Note:
· The above “specified” means the beam indication is either explicitly provided by gNB or implicitly determined by spec.




	Xiaomi
	Prefer proposal 5b

	Samsung
	We prefer Proposal 5b without ‘within each slot’

	LG Electronics
	In general, we are fine to define UE capability for beam switching time. At least, beam switching time should be considered between DL/UL signals/channels between different QCL type-D source RSs or different spatial relation RSs.
Among proposals on the table, we tend to agree with Qualcomm’s proposal.

	DOCOMO
	Fine with Proposal 5b.

	Lenovo, Motorola Mobility
	We support Proposal 5b

	ZTE, Sanechips
	We are generally fine with Proposal 5b if “within each slot” in it can be deleted. 
In addition, we think that various two-signals combinations listed by Qualcomm can be the basis for further discussion.

	Intel
	Our understanding is that RAN1 should agree just on supporting UE capability signaling for beam switching time which may indicate a UE needs at least 1 symbol gap for both 480 kHz and 960 kHz to switch its beams.
Then, it’s just a network’s responsibility to provide necessary scheduling of appropriate signals/channels (which includes gaps if necessary) as the network has to respect UE’s capabilities.

	Huawei, HiSilicon
	We support 5b. We are OK to delete “within each slot” as suggested by ZTE.
5a implies a fractional symbol gap which we don’t think is practical. 


	CATT
	Support 5b and agree that ‘within each slot’ should be removed

	Moderator
	It seems that majority companies support Proposal 5b without “within each slot”. Based on the understanding, Proposal 5c is provided. Please continue discussion.


	LG Electronics
	We can accept Proposal 5c but need more FFS point such as “between UL signals/channels without spatial relation RS or between UL signals/channels with same spatial relation RS”

	Ericsson
	We agree with Intel's comment, and the proposal can be as simple as this. The fact that the Proposals 5a, 5b, and 5c are full of FFSs is not proper for the last meeting of the WI.

· Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
· In UE capability session, discuss what candidate values of the beam switching time should be supported

	Qualcomm
	Do not support 5a, 5b, 5c. For 5a, it only mentions indicated QCL/spatial relation, which is a subset of scenarios. There are many cases without indicated QCL/spatial relation but involving beam switch as clarified in our proposal. We prefer the capability to be well defined. For 5b, it only mentions QCL and within each slot. For 5c, it only mentions QCL, no spatial relation, and no clarification on the scenarios when gNB/UE should assume the two signals have different QCL-D assumptions, e.g. do CSI-RS resources with repetition ON have same or different QCL-D?. 

Without clarifying scenarios when the beam switch happens, this capability may not be very useful, since gNB/UE are not aligned where the gap should be reserved. So we prefer to discuss with our proposal as starting point, given this is the last meeting, i.e. no FFS/ambiguity should exist. 

	Moderator
	Ericsson’s proposal is added as Proposal 5d. Please continue discussion. 

	LG Electronics
	We are fine to discuss further detail in UE feature discussion. However, we need to a sentence that UE is not expected to be scheduled with adjacent signals/channels without sufficient gap. In that sense, we suggest the following.

Proposal 5d (Modified)
· Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
· In UE capability session, discuss what candidate values of the beam switching time should be supported
· UE is not expected to be scheduled/configured with a signal/channel on X symbol(s) before to and X symbol(s) after of another signal/channel if UE indicates that beam switching time no more than X symbols is required to transmit/receive those signals/channels consecutively.



	DOCOMO
	We support Proposal 5d. By introducing this UE capability, we believe gNB can perform proper scheduling for each UE. We do not see the need of the text like “UE does not expect to …” here. The detailed design of this capability should be discussed in UE capability session. 
On Qualcomm’s point, we believe “where the gap should be reserved” is totally a matter of scheduling, which is now to be improved by this new UE capability. We do not think it would be good to start the discussion of capturing the use cases at this very late stage.

	Samsung
	We share the similar understanding with Intel and Ericsson, so Proposal 5d is fine for us. The applicable scenario can be discussed in UE capability session.

	Intel
	Support Proposal 5d.

	Lenovo, Motorola Mobility
	We are fine with Ericsson’s Proposal 5d. The beam switching candidate values can be discussed in UE features session.

	Moderator
	It seems that most of companies are fine with Proposal 5d except LG. I added Proposal 5e based on LG’s comment. Please share your preference between Proposal 5d and Proposal 5e.

	Intel
	We prefer Proposal 5d over Proposal 5e.

	CATT
	We prefer Proposal 5d. The details can be discussed during UE capability discussion.

	LG Electronics
	We prefer Proposal 5e, but can accept 5d if majority wants it.

	Qualcomm
	We are fine for 5d or 5e if the red text can be added

· In UE capability session, discuss what candidate values of the beam switching time should be supported, and which scenario(s) that the beam switching time should be applied

	Xiaomi
	Prefer proposal 5d.

	Huawei, HiSilicon
	Proposal 1b or Proposal 1c: We can support either.
Proposal 1a: We cannot support as it essentially supports a gap of a size of a fraction of a symbol. 
Proposal 1d: We cannot support it because it does not specify the UE behavior. 
Proposal 1e: Although we have sympathy with the intention of the proposal, we have some serious concerns about it and we cannot agree with it. We think it is just a modified version of Proposal 1b/1c but the proposed modification is problematic. We suggest the supporting companies of 1e to reconsider Proposal 1b/1c. Problems with Proposal 1e are as follows:
1- It essentially states that even if the beam switching time is well below CP time, 1 symbol gap is required. As a hypothetical example, if the beam switching time is 10 ns, which is far less than 73 ns CP time of 960 kHz or 146 ns CP time of 480 kHz, still X=1 and one symbol gap is required.
2- Maximum considered values for beam switch time in RAN4 is in the range of 200 ns. So, for all practical scenarios, X cannot be anything larger than 1 symbol as, even in 960 kHz, the symbol length is around 1us (much larger than the largest candidate for beam switch time in RAN4). If companies believe that beam switch time can be larger than a whole one symbol in 960 kHz, that is, can be larger than 1 us, then it simply means that beam switch time can be larger than the CP of 120 kHz which, itself means that we also need a beam switch gap for 120 kHz in FR2-2 and even needed a gap for 120 kHz in FR2-1 and we were not aware of it. 

 

	Futurewei
	We prefer 5c. We do not support 5e since conveying X at symbol level is too coarse a granularity.

	ZTE, Sanechips
	We support Proposal 5d. The gNB can perform appropriate scheduling according to the capability reported by the UE.

	Moderator
	This is a summary of the discussions.
Support Proposal 5c: Huawei/HiSi, Futurewei
Support Proposal 5d: Intel, CATT, LG (acceptable), Xiaomi, ZTE/Sanechips, Qualcomm (with the additional text)
Support Proposal 5e: LG, Qualcomm (with the additional text)

	Huawei, Hisilicon
	We understand that Proposals 5b and 5c have FFSs and do not look appropriate for the last meeting of WI, but, in our view, Proposal 5d that has the majority support has exactly the same FFS but it just does not talk about it! 

Assume that we go with Proposal 5d and “Only” define UE capability for beam switching time. Then what we want to do with it? If UE behavior is not defined, the defined UE capability would only be a bunch of numbers. 

We would like to know if, for instace, UE reports 100 ns DL/UL or UL/DL beam switching time in its capability signaling, what the network is supposed to do with this information? Nothing? Or UE operating in 960 kHz is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions if UE reports 100ns (larger than the CP time)? This is the question that is addressed in Proposal 5b and 5c but it is not addressed in Proposal 5d.

If it helps, we can somehow merge Proposal 5d and 5c as follows:

Proposal 5f:

· Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
· UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than [X] ns.
· In UE capability session, discuss what candidate values of the beam switching time should be supported




Clean Versions of Proposals for GTW Session (Nov 19th)
Proposal 5d
· Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
· In UE capability session, discuss what candidate values of the beam switching time should be supported

Proposal 5e (Updated based on LG’s comment)
· Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
· In UE capability session, discuss what candidate values of the beam switching time should be supported
· UE is not expected to be scheduled/configured with a signal/channel on X symbol(s) before to and X symbol(s) after of another signal/channel if UE indicates that beam switching time no more than X symbols is required to transmit/receive those signals/channels consecutively.

Proposal 5f (Updated based on Huawei’s comment)
· Support a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively.
· UE is not expected to be scheduled/configured with a signal/channel on one symbol before to and one symbol after of another signal/channel if the signals/channels have two different QCL-D assumptions and the indicated beam switch time of UE is larger than [X] ns.
· In UE capability session, discuss what candidate values of the beam switching time should be supported

Beam Management for Shared Spectrum Operation
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[Huawei/HiSi, 1]
	Proposal 7: In order to mitigate the impact of LBT failure in BFD procedure, support transmitting complementary aperiodic CSI-RS when LBT failure occurs on periodic BFD-RS.

	[FUTUREWEI, 2]
	Proposal 7: Utilize aperiodic CSI-RS transmission to address impact of LBT failure on periodic RS transmissions intended to support beam failure recovery. 

Proposal 8: Consider support for low latency beam (QCL-TypeD) switch of periodic RS transmissions after persistent or sustained LBT failure.  

	[ZTE/Sanechips, 4]
	Proposal 5: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.

	[Nokia/NSB, 5]
	Observation 1: For P-TRS transmissions in the cell, it would be beneficial to have a mechanism to be able to transmit P-TRSs dropped due to LBT failure.
Proposal 4: Consider solutions to provide robustness for TRS transmission due to LBT failures, for instance:
· A beam specific (SSB specific) aperiodic TRS transmission that could be triggered for one or multiple UEs at a time to “patch” non-transmitted P-TRS using certain beam (certain SSB as QCL-TypeD source)
· Multiple transmission opportunities for the P-TRS within a time period

Observation 2: More transmission opportunities for the BFD-RS against LBT failures can be supported by the same mechanism used for peridic CSI-RS such as TRS.
Proposal 5: In case of directional LBT (if applied), consider impacts on beam management in the COT, e.g. 
· impact on validity of the configured DL RSs for L1-RSRP measurement and reporting and 
· impact on beam switching application time within the COT (e.g. the case when the new beam is or is not QCLed with the LBT beam of the COT). 

Proposal 6: If multi-slot CSI-RS is supported, use slot offset (by reusing the parameter CSI-ResourcePeriodicityAndOffset currently applicable only for periodic and semi-persistent resource) parameter for the aperiodic CSI-RS resource where the offset would be calculated from the slot where the first CSI-RS resource of the same set is allocated. 

	[CATT, 6]
	Observation 1: When UE cannot measure the periodic CSI-RS at the scheduled transmission instance for beam management due to LBT failure, gNB could transmit aperiodic CSI-RS as the alternative measurement.   
Proposal 1: Aperiodic CSI-RS could be used as the alternative solution of missed L1 RSRP measurement of periodic CSI-RS due to LBT failure with minimized specification impact. 

	[Sony, 8]
	Proposal 1 : Support aperiodic CSI-RS for beam failure detection (BFD) and candidate beam determination (CBD) at least for unlicensed band operation.

Proposal 2 : Study and specify if needed single DCI scheduled multiple aperiodic CSI-RS and/or aperiodic SRS across multiple slots.

	[Ericsson, 9]
	Proposal 5	Enhancement of existing BFD procedures by introduction of ap-CSI-RS is not needed for operation in shared spectrum. The existing BFI counter and timer can be adjusted to compensate for occasional LBT failure causing a missing instance (period) of a periodic BFD RS (SS/PBCH block and/or p-CSI-RS).

	[Intel, 10]
	Proposal 6: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures.

	[Xiaomi, 11]
	Observation 1: There may be performance loss caused by non-transmitted periodic CSI-RS for beam measurement because gNB cannot get the latest beam measurement results especially for high speed UE.
Proposal 4: Aperiodic RS transmission can be triggered to patch a non-transmitted periodic CSI-RS.
Observation 2: The existing BFD mechanism may not work well if the periodic CSI-RS for BFD cannot transmitted because of LBT failure.
Proposal 6: The beam failure detection procedure should be enhanced if triggering aperiodic CSI-RS to complement the non-transmitted BFD-RS is supported.
Observation 3: The beam switching in the same COT will be influenced by the LBT mechanism.

	[Lenovo/MotM, 12]
	Proposal 3: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, the following potential enhancements related to periodic transmissions of RS such as P-TRS should be specified to deal with LBT failure:
· Termination of periodic RS transmission on beams where consecutive LBT failures are encountered
· Dynamic switching of the QCL assumption (beams) for periodic RS transmission where consecutive LBT failures are encountered, where:
· Multiple QCL assumptions (multiple beams) can be configured to the RS resource and beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value

	[NEC, 13]
	Proposal 2: A gap for beam switching or directional LBT should be introduced for multiple QCL assumption in multiple-PDSCH scheduling.
Proposal 3: UE should apply the QCL assumption(s) of the smallest CORESET ID that LBT succeed in the latest slot for each PDSCH when some or all of the scheduled PDSCHs of the multiple PDSCH have scheduling offset less than timeDurationForQCL for shared spectrum.
Proposal 4: If the indicated beam in the DCI scheduling the PDSCH is QCLed with the directional LBT beam for the DCI, then no additional LBT is needed for the PDSCHs have scheduling offset equal to or greater than timeDurationForQCL in shared spectrum.

	[Samsung, 14]
	Proposal 6: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
Proposal 7: Further investigate the issue on the uncertainty of RS transmission due to LBT for 60 GHz unlicensed band.

	[InterDigital, 15]
	Observation 5: Absence of periodic/semi-persistent RSs may impact on performance of fine time/frequency tracking, beam failure recovery and beam/CSI reporting.
[bookmark: _Hlk83978671]Proposal 3: Introduce an enhanced mechanism to patch non-transmitted periodic/semi-persistent RSs due to LBT failures.
Proposal 4: Support RS transmission based on candidate RSs when LBT fails for periodic/semi-persistent RSs.
Proposal 5: Support RS pre-emption based on gNB indication to achieve accurate fine time/frequency tracking, beam failure recovery and beam/CSI.

	[Apple, 16]
	Proposal 2: Enhancement of beam operation for unlicensed bands should be investigated to mitigate interference and optimize system performance due to hidden node for NR from 52.6 GHz to 71 GHz.

	[LGE, 18]
	Proposal #7: The following aspects can be considered to enhance beam management operation when channel access scheme is used for unlicensed spectrum.
· How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure
· How to enhance beam failure procedure considering not transmitted BFD-RS due to LBT failure

	[MediaTek, 21]
	Proposal 3: For multi-PDSCH scheduling, all the scheduled PDSCHs from a single DCI are either received within timeDurationForQCL or the time offset between the reception of the DCI and each scheduled PDSCH is equal to or greater than a threshold timeDurationForQCL.
Proposal 4: No further discussion on beam management enhancements for LBT failure handling in Rel-17.



Summary of views
	#
	Issue
	Companies’ views

	6.1
	Whether to enhance RS transmissions to deal with LBT failure


	Yes: Huawei/HiSi, Spreadtrum, InterDigital, Sony, Futurewei, Nokia/NSB, LGE, NTT Docomo, Xiaomi
· [InterDigital]: Support RS pre-emption based on gNB indication to achieve accurate fine time/frequency tracking, beam failure recovery and beam/CSI. 
· [Lenovo/MotM]: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, the following potential enhancements related to periodic transmissions of RS such as P-TRS should be specified to deal with LBT failure:
· Termination of periodic RS transmission on beams where consecutive LBT failures are encountered
· Dynamic switching of the QCL assumption (beams) for periodic RS transmission where consecutive LBT failures are encountered, where:
· Multiple QCL assumptions (multiple beams) can be configured to the RS resource and beam switch can be triggered once the continuous number of LBT failures reach a certain threshold value
Need further study/hold the discussion: Samsung, ZTE/Sanechips, OPPO
· [Samsung]: Further investigate the issue on the uncertainty of RS transmission due to LBT for 60 GHz unlicensed band.
· [ZTE/Sanechips]: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.
No: CATT, Ericsson, Intel
· [CATT]: Aperiodic CSI-RS could be used as the alternative solution of missed L1 RSRP measurement of periodic CSI-RS due to LBT failure with little specification change.
· [Ericsson]: Enhancement of existing BFD procedures by introduction of ap-CSI-RS is not needed for operation in shared spectrum. The existing BFI counter and timer can be adjusted to compensate for occasional LBT failure causing a missing instance (period) of a periodic BFD RS (SS/PBCH block and/or p-CSI-RS).
· [Intel]: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures

	6.2
	Multi-slot aperiodic RS
	Yes: Samsung, Nokia/NSB, LGE, Xiaomi
· [Samsung]: Support multi-slot aperiodic CSI-RS/SRS scheduled by a single DCI for beam management in 60 GHz unlicensed band.
· [LGE]: How to provide more opportunities of CSI-RS or SRS transmission considering LBT failure

	6.3
	Other enhancements related to beam failure recovery
	Symbol window for decoding PDCCH in recoverySearhSpaceId
· [Ericsson]: For the new beam identification (NBI) procedure, the 28 symbol window for decoding PDCCH in recoverySearchSpaceId may need to be revisited for the case that a serving cell is configured with 480 or 960 kHz SCS.
· [NTT Docomo]: whether to introduce a new time gap to apply new beam configuration after receiving BFR response from gNB
Partial BFR
· [Qualcomm]: Support partial BFR for single TRP.
Increased number of candidate beams
· [NTT Docomo]: whether to increase the number of candidate beams included in set 



1st round discussion
Observation 6
The moderator observed no proposal supported by majority companies in this topic. Moreover, companies supporting periodic RS enhancement indicated different preferences on detailed enhancements (e.g., use of aperiodic RS for BFR, periodic TRS enhancement and etc.). In addition, the moderator observed that companies’ views are very stable during recent few meetings and expect no further changes. Given the situation, the moderator believes that it would be better to conclude as no RS enhancement.

Proposal 6
Conclusion
· No periodic RS enhancement is supported for Rel-17 NR 52-71. 

	Company
	Input

	vivo
	We agree with moderator and support this conclusion.

	Qualcomm
	Fine

	Xiaomi
	We are Ok with proposal 6.

	Samsung
	We are fine with Proposal 6

	LG Electronics
	OK

	DOCOMO
	Fine.

	Lenovo, Motorola Mobility
	Ok

	ZTE, Sanechips
	Fine 

	Intel
	Agree with the conclusion in Proposal 6

	Huawei, HiSilicon 
	We don’t see the need for supporting such a conclusion. We think that a main reason that RS enhancement discussion did not progress was the presence of more immediate problems to solve. Such a conclusion with the blanket statement “No periodic RS enhancement is supported for Rel-17 NR 52-71 prevents companies to discuss any RS enhancement during maintenance phase. Such enhancement may prove to be necessary for NR 52-71 (not necessary motivated by LBT failure, BFD/BFR or other issues discussed so far)

	CATT
	OK

	Moderator
	Copied my response to Huawei in the email reflector below
I tend to agree that one reason would be the presence of more immediate problems to solve. 
However, I don’t think it is the only reason. 
If you check the proposals, I couldn’t find any clear majority use case and a corresponding proposal for this issue. 
In addition, some companies are objecting the enhancements from the beginning of the WI. 
Having said that, as a moderator, I don’t expect that the necessity can be proven within this WI even in the maintenance phase.
Please note that maintenance phase is generally for features which may break the operation, not for something which can enhance the efficiency of the operation.

	Ericsson
	Support the conclusion in Proposal 6

	
	



1st round discussion summary
TBU

Others
Observations and Proposals from Contributions

	Company
	Observations and Proposals from Contributions

	[CATT, 6]
	Proposal 2: The beam management frame work should be reused for NR operation in 52.6-71 GHz.  
Proposal 7: In initial access, the beam adaptation for Msg3 and Msg4 transmission can be adapted based on the beam measurement report from UE.

	[Sony, 8]
	Proposal 5	: Beam alignment during initial access procedure should be considered for NR above 52.6 GHz.

	[Ericsson, 9]
	Proposal 6	Enhancement of the number of explicitly configured RSs for BFD (SS/PBCH blocks and/or p-CSI-RS) is not needed.
Proposal 7	For the new beam identification (NBI) procedure, the 28 symbol window for decoding PDCCH in recoverySearchSpaceId may need to be revisited for the case that a serving cell is configured with 480 or 960 kHz SCS.

	[Xiaomi, 11]
	Proposal 5: To support more beams, the maximal number of reference singles in one CSI-RS resource set should be increased. Or, multiple aperiodic CSI-RS resource sets associated with one aperiodic trigger state should be allowed to be used for beam measurement.

	[Lenovo/MotM, 12]
	Proposal 4: For NR operation between 52.6 GHz and 71 GHz, Rel-17 common TCI state indication should be supported for multi-PDSCH scheduling
Proposal 5: For NR operation between 52.6 GHz and 71 GHz, how to determine the applied TCI state for the multiple PDSCH in continuous slots when the indicated common TCI state is changed but the UE cannot switch it RX beam within the CP should be further discussed
Proposal 6: For NR operation between 52.6 GHz and 71 GHz, when multiple PDSCHs with different TBs are scheduled by the DCI indicating a common TCI state, the ACK/NACK of any one scheduled PDSCH can be used as the ACK for the DCI

	[NTT Docomo, 19]
	Proposal 2: For beam failure detection/recovery procedure in NR 52.6-71GHz, discuss whether to introduce a new time gap to apply new beam configuration after receiving BFR response from gNB.

	[Qualcomm, 20]
	Proposal 7: Support partial BFR for single TRP.
Proposal 8: Support UE report of recommended SSB in Msg3/A in initial access.
Proposal 9: Support dynamic beam update of periodic channel/RS.
Proposal 10: Investigate sub-band based beam report.
Proposal 11: The contents of configured TCI states can be dynamically updated.
· The contents may include any QCL source RS ID, e.g. both TypeA/D RS IDs, and corresponding BWP/CC ID.


Summary of views
	#
	Issue
	Companies’ views

	7.1
	Beam reporting/alignment during initial access procedure
	Yes: Sony, CATT, Qualcomm
No:

	7.2
	Dynamic beam update
	Yes: Lenovo/MotM, Qualcomm, NTT Docomo
No:

	7.3
	Increase the number of configured CSI-RS resources
	Yes: NTT Docomo, Xiaomi

	7.4
	Considering Rel-17 feMIMO unified TCI framework for multi-PDSCH/PUSCH scheduling
	Yes:Lenovo/MotM
No:

	7.5
	Enhancement on 28 symbol window for decoding PDCCH for the NBI procedure of BFR
	Yes: Ericsson, NTT Docomo
No:

	7.6
	Partial BFR
	Yes: Qualcomm
No:



1st round discussion
Observation 7
The moderator observed no proposal supported by majority companies. Please provide your views on the above proposals in the summary.

	Company
	Input

	
	

	
	

	
	

	
	

	
	



1. Proposal 7
TBU
1st round discussion summary
TBU
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