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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk86940086]In RAN1 #106bis-e meeting [1], the following agreements were reached for UE-based and TRP-based enhancements. In this contribution, we further discuss the remaining issues for both UE based scheme 1 and TRP based frequency pre-compensation scheme.
	[bookmark: _Hlk86827611]Working Assumption
Reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs.

Agreement
If CSI-RS other than those configured with repetition set to 'on' is overlapping in the time domain with CORESET with two TCI states, support the first TCI state of the CORESET as the default TCI assumption for the CSI-RS.

Agreement
[bookmark: _Hlk85729155]Support combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH 
· This is optional UE feature
· Note: The support of such combination scheme is for URLLC use-case only.

Agreement
Enhanced SFN (scheme 1 or TRP-based pre-compensation scheme) for PDCCH and PDSCH is configured by using separate per-BWP RRC parameters
· In Rel-17, all downlink BWPs (except initial BWP and FFS: BWP-DownlinkCommon) within a CC should be the same configuration of SFN scheme

Agreement
When SFN PDSCH is not configured by RRC, for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL,
· For DCI format 1_1/1_2, support both configurations with and without TCI state field.
· [If enableTwoDefaultTCIStates is not configured,] for both cases with and without TCI state field,
· If enhanced SFN PDCCH transmission scheme 1 is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, select the 1st TCI state of the two TCI states of the CORESET as default beam for the PDSCH reception
· FFS: Whether above applies for TRP-based pre-compensation if TRP-based pre-compensation is agreed to be support in FR2
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest controlResourceSetId in the latest slot when receiving the PDSCH 

Agreement
For CSS associated with SFN CORESET, study the following alternatives and down-select in RAN1#107e:
· Alt 2: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states, except for CSS type 3 associated with CORESET configured with scheme 1
· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1. 
· For CSS type 3 associated with CORESET configured with scheme 1, both TCI states can be applied for the CSS reception. 
 
Agreement
When CORESET is indicated with two TCI states
· One BFD RS pair for SFN CORESET is counted as two BFD RSs
· FFS: Increase the maximum number of monitored BFD RSs to X.
· X is UE capability
· X = 2, 3, 4, FFS other values of X

Agreement
When two TCI states are activated for a CORESET, NBI RS can be configured as follows
· Alt 4-1: Using the existing Rel-15 NBI configuration based on single SSB / CSI-RS resource
· FFS addition support of Alt 4-2: two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs




[bookmark: _Hlk85638180][bookmark: _Hlk82704634][bookmark: _Ref129681832]Activation TCI states for PDCCH across multiple CCs
[bookmark: _Hlk86826939][bookmark: _Hlk85704017][bookmark: _Hlk86827075][bookmark: _Hlk86912360]Reusing legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells that can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs has been agreed as a working assumption in last meeting. With this working assumption, there would be an open issue on whether/how to update the CORESET that is not configured to SFN scheme in the indicated CCs set, when it’s signalled by a single MAC CE for activation of two TCI states of CORESET. For example, a UE is configured with serving cells #0 and #1. And CORESET #1 in serving cell #0 is configured as SFN scheme, while CORESET #1 in serving cell #1 is not. Then when serving cells #0 and #1 are configured in the same list, e.g. simultaneousTCI-UpdateList1, whether/how the CORESET #1 in serving cell #1 is configured in case of a MAC CE activating two TCI states for list simultaneousTCI-UpdateList1. For flexible configuration without compromising the inherent features of Rel-16, the two CCs should be configured separately, e.g., one serving cell list contains serving cells supporting SFN scheme, and another serving cell list contains serving cells not supporting SFN scheme. As an example, simultaneousTCI-UpdateList1 for supporting SFN scheme, and simultaneousTCI-UpdateList2 for not supporting SFN scheme. In this way, there will no such case that a MAC CE is received to activate two TCI states for a CORESET not configured as SFN.
[bookmark: _Hlk85736574]Proposal 1: For updating the CORESET that is not configured to SFN scheme in the indicated CCs set, two CCs sets can be configured separately,
· [bookmark: _Hlk86827230]one serving cell list contains serving cells supporting SFN scheme, and another serving cell list contains serving cells not supporting SFN scheme.

PDCCH monitoring with different QCL-TypeD
One remaining issue on PDCCH monitoring with different QCL-TypeD is the prioritization rule considering CORESETs indicated with 1 and/or 2 TCI states. There are the following cases in overlapping.
· a CORESET activated with two TCI states overlaps with another CORESET activated with two TCI states
· a CORESET activated with two TCI states overlaps with another CORESET activated with one TCI state
· multiple CORESETs overlap, and all the overlapping CORESETs are activated with two TCI states
· multiple CORESETs overlap, and some of the overlapping CORESETs are activated with two TCI states, others are activated with one TCI state
[bookmark: _Hlk86932352][bookmark: _Hlk82710159][bookmark: _Hlk82713259]For the cases, we prefer to follow the legacy prioritization rule in Rel15/16 as Search Space (SS) type > serving cell index > SS set ID, there’s no need to introduce the number of TCI states for CORESET in the prioritization rule. For example, when Type0 CSS corresponding to non-SFN CORESET(s) and Type3 CSS corresponding to the SFN CORESET(s) overlap, it is unreasonable that Type3 CSS has higher priority than Type0 CSS. In addition, with the SS set ID in the legacy prioritization rule, the gNB has a further flexibility on setting the priorities between all the search spaces for both SFN and non-SFN CORESETs. Therefore, the legacy priority rule can be used to identify the two QCL-TypeD.
For URLLC (AI 8.1.2.1), the following agreement has been agreed, whose principle can be reused for SFN PDCCH.
Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple monitored overlapping CORESETs, support
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· In the case of no such SS set pair, a second QCL-TypeD is not determined
· Note 1: simultaneous two beam reception for PDCCH repetition is UE optional
· Note 2: It can be separately discussed whether/how this feature interacts with multi-DCI based mTRP or with SFN PDCCH

Therefore, to the identification of the two QCL-TypeD is as follows.
[bookmark: _Hlk86932390][bookmark: _Hlk79153732]The first QCL-typeD is identified by a first CORESET with highest priority based on Rel-15 rule. 
· If the CORESET is configured with two TCI states, the second QCL-typeD is also from the CORESET. 
· [bookmark: _Hlk82713318]Otherwise, the second QCL-typeD is not determined.
[bookmark: _Hlk86939390][bookmark: _Hlk87020939][bookmark: _Hlk86934996][bookmark: _GoBack]Proposal 2: Reuse legacy priority rule as Search Space (SS) type > serving cell index > SS set ID for identification of two QCL-TypeD
· The first QCL-TypeD is identified by a first CORESET with highest priority based on Rel-15 rule. 
· If the CORESET is configured with two TCI states, the second QCL-typeD is also from the CORESET. 
· Otherwise, the second QCL-typeD is not determined.

Default TCI for PDSCH
One remaining issue is the default TCI for PDSCH without TCI field in DCI formats 1_1 / 1_2, based on the following agreement made for PDSCH in DCI formats 1-0 in RAN1 #106-e meeting [2]:
	Agreement
For PDSCH reception scheduled by DCI format 1_0, [1_1 and 1_2], if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
· Support configuration when there is no TCI field in the DCI scheduling PDSCH
· UE applies the state(s) of the scheduling CORESET when receiving the PDSCH 
· if there are two active TCI states for the CORESET, UE applies the both QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH 
· otherwise, UE applies the one active TCI state of the CORESET when receiving the PDSCH
· FFS if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL
This is a UE optional feature.


We prefer to define the same default QCL assumption for format 1_1/1_2 without TCI state field to schedule SFN-PDSCH, as it is beneficial in terms of overhead reduction by configuring no TCI field in DCI. For concerns on dynamic switching of PDSCH transmission schemes, this case has essential difference with dynamic switching.
· For dynamic switching, UE has to decode the PDCCH firstly and then obtain the TCI and transmission scheme of scheduled PDSCH, therefore, UE has to process the switching between reception of PDCCH and PDSCH after decoding of PDCCH.
· While for the default TCI, the UE will blindly decode the PDCCH with configured TCI state(s), and simply use the same TCI state(s) to decode PDSCH, there’s no such rush switching compared with dynamic switching.
Therefore, we have the following proposal:
[bookmark: _Hlk86939604]Proposal 3: For PDSCH reception scheduled by DCI format 1_1/1_2 and if applicable,  the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
· Support configuration when there is no TCI field in the DCI scheduling PDSCH , when SFN is configured for both PDCCH and PDSCH by RRC 
· UE applies the TCI state(s) of the scheduling CORESET when receiving the PDSCH 
· if there are two active TCI states for the CORESET, UE applies the both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH 
· otherwise, if there is one active TCI states for the CORESET, UE applies the one active TCI state of the CORESET when receiving the PDSCH  

[bookmark: _Hlk86937765]Conclusions
We have investigated scheme 1 and pre-compensation schemes in HST scenario and have the following observations and proposals.
Proposal 1: For updating the CORESET that is not configured to SFN scheme in the indicated CCs set, two CCs sets can be configured separately,
· one serving cell list contains serving cells supporting SFN scheme, and another serving cell list contains serving cells not supporting SFN scheme.
Proposal 2: Reuse legacy priority rule as Search Space (SS) type > serving cell index > SS set ID for identification of two QCL-TypeD
· The first QCL-TypeD is identified by a first CORESET with highest priority based on Rel-15 rule. 
· If the CORESET is configured with two TCI states, the second QCL-typeD is also from the CORESET. 
· Otherwise, the second QCL-typeD is not determined.
Proposal 3: For PDSCH reception scheduled by DCI format 1_1/1_2 and if applicable,  the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
· Support configuration when there is no TCI field in the DCI scheduling PDSCH , when SFN is configured for both PDCCH and PDSCH by RRC 
· UE applies the TCI state(s) of the scheduling CORESET when receiving the PDSCH 
· if there are two active TCI states for the CORESET, UE applies the both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH 
· otherwise, if there is one active TCI states for the CORESET, UE applies the one active TCI state of the CORESET when receiving the PDSCH  
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