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Introduction
In Rel-16, MTRP including single-DCI based and Multi-DCI based schemes has been introduced to provide better performance and reliability. In this contribution, we provide our views on some remaining issues of the latest versions of specifications for MTRP. 

Default TCI of AP CSI-RS in MTRP
In Rel-15 38.214, default TCI is defined for both PDSCH and aperiodic CSI-RS in the case when the time offset between PDCCH and the scheduled PDSCH/AP CSI-RS is less than a threshold. However, in Rel-16 MTRP, default TCI is just defined for PDSCH by now. Although default TCI for AP CSI-RS was discussed, the consensus has not been achieved yet. In order to complete the Rel-16 specification, we suggest to introduce default TCI for AP CSI-RS in this meeting for both Multi-DCI and single DCI based MTRP.
Default TCI of AP CSI-RS for Multi-DCI
For multi-DCI based MTRP, CORESETPoolIndex is used to distinguish different TRPs. The main scenario is non-ideal backhaul between two coordinated TRPs. The scheduling by DCIs with different CORESETPoolIndex values are usually independent including aperiodic CSI-RS triggering. Therefore, in the case when the slot offset between PDCCH and the triggered CSI-RS is smaller than the threshold, the basic principle should be that default TCI state of AP CSI-RS follows Rel-15 behavior in the respective TRP.
Specially, when there is any other DL signal in the same symbol as the AP CSI-RS, if other signal is associated with the same CORESETPoolIndex as the AP CSI-RS, the UE applies the TCI-state of the other signal when receiving the AP CSI-RS. Since semi-persistent and periodic CSI-RS are not associated with any CORSETPoolIndex, the same rule can be reused to align with Rel-15 behavior.
For all other cases, the default TCI state of AP CSI-RS can follow Rel-15 behavior in the respective TRP.

Proposal 1: In multi-DCI based M-TRP, when the scheduling offset AP CSI-RS is less than beamSwitchTiming:
· If there is any other DL signal with an indicated TCI state in the same symbol as the AP CSI-RS, and the other signal  is associated with the same CORESETPoolIndex as the AP CSI-RS or is a semi-persistent or periodic CSI-RS
·  The UE applies the QCL assumption of the other DL signal when receiving the AP CSI-RS
· Otherwise, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest ID among all the CORESETs with the same value of CORESETPoolIndex as the PDCCH triggering the AP CSI-RS, in the latest slot in which one or more CORESETs associated with the same CORESETPoolIndex as the PDCCH triggering the AP CSI-RS within the active BWP of the serving cell are monitored

Default TCI of AP CSI-RS for Single-DCI
In the current 38.214, for single-DCI based MTRP, if the offset between PDCCH and the corresponding PDSCH is less than the threshold and  at least one TCI codepoint contains two TCI states, the default TCI states of PDSCH are the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
However, for AP CSI-RS, the default TCI state is still unclear. Since two TCI states were not agreed for one CSI-RS resources in Rel-16, it is natural to select one of PDSCH default TCI states, e.g. the first one for AP CSI-RS. Especially, if the time offsets of both AP CSI-RS and PDSCH are smaller than the threshold, UE can still use at most two beams to receive both PDSCH and AP CSI-RS as shown in Figure 2.2-1.  Otherwise, if the default TCI state of CSI-RS is different from default TCI states of PDSCH, UE needs to support 3 beams for receiving both PDSCH and CSI-RS simultaneously, which cause unaffordable UE complexity. 
[image: ]
Figure 2.2-1 UE has two receive beams 
Observation 1: For Single-DCI, default TCI state of AP CSI-RS should be the subset of default TCI states of PDSCH.

Some argument was raised in RAN1#100bis-e meeting that two TCI states can be always used for AP CSI-RS. However, although buffering with two beams has no problem, UE needs to select one TCI state for CSI measurement. Otherwise, gNB cannot get CSI feedback for single beam based transmission. If gNB only transmits one beam, but UE estimates QCL assumptions, e.g. Doppler parameters based on two TCI states, the performance will be degraded obviously. Here we provide some simulation results as in Figure 2.2-2.
In the simulation, +700 and -700 Hz frequency offsets are assumed for two TRPs. Single beam is used for CSI-RS and PDSCH transmission. For blue curve, two TRS from TRP1 and TRP2 are used to estimate Doppler shift at UE side. For red curve, the correct TRS is used to estimate Doppler shift. As we can see, the performance degradation is obvious if UE estimates Doppler shift based on incorrect TRS. 
[image: IMG_256]
Figure 2.2-2 Performance comparison between correct and incorrect TCI states 
Observation 2: For Single-DCI, performance loss is caused if the number of configured TCI states mismatches the real used one.

In RAN1#100bis-e meeting, the following proposal was suggested and supported by majorities as shown in proposal 2. From our view, it is reasonable to be agreed.
Proposal 2: For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming
-  If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS. 
o    When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), the UE applies first QCL assumption of the other signal to receive the AP CSI-RS.
-  If there is no known DL signal in the symbols of AP CSI-RS:
o    If the indicated TCI state for the AP-CSI-RS is the same with one of the default TCI-states for PDSCH, the UE applies the TCI state indicated by the DCI;
o    Otherwise, the UE apply the first one of default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.

Default TCI of PDSCH for single-DCI based MTRP
For single-DCI based multi-TRP, multiple schemes are supported including SDM, FDM scheme 2a, FDM scheme 2b, TDM scheme 3 and TDM scheme 4.  For flexibility, dynamic switching among single-TRP transmission, SDM and one of scheme 2a/2b/3/4 is supported, which is based on the number of indicated TCI states, the number of DMRS CDM groups and RRC signaling. For each scheme, the mapping among indicated TCI state(s), allocated time/frequency domain resources and DMRS port(s) are clearly described in the current 38.214[1] if the offset between PDCCH and the corresponding PDSCH is larger than the threshold. 
In the case when the offset between PDCCH and the corresponding PDSCH is less than the threshold, two default TCI states are assumed if at least one TCI codepoint indicates two TCI states. However, the mapping between PDSCH transmission and default TCI states is only defined for scheme 3 and scheme 4, and it is not defined for other schemes yet. Even though scheme 3 or 4 is configured by RRC signaling, the actual scheduling can be single TRP transmission or SDM based MTRP transmission. Thus, the current specification is incomplete for PDSCH default TCI. Consequently, we propose to extend the default TCI principles of scheme 3/4 to all other schemes as follows
· If the TCI codepoint indicates two TCI states, one of SDM, FDM scheme 2a, FDM scheme 2b, TDM scheme 3 and TDM scheme 4 may be scheduled. In this case, two indicated TCI states can be replaced by the two default TCI states. The mapping among the default TCI states, DMRS ports and the allocated time/frequency resources can follow the case when the offset between PDCCH and the corresponding PDSCH is larger than the threshold according to clause 5.1 of 38.214.
· If the TCI codepoint indicates only one TCI state, single-TRP or TDM scheme 4 may be scheduled. In this case, the indicated TCI state can be replaced by one of two default TCI states, e.g. the first one. The mapping among the first one of default TCI states, DMRS ports and the allocated time/frequency resources can still follow the case when the offset between PDCCH and the corresponding PDSCH is larger than the threshold  according to clause 5.1 of 38.214.
Based on the above proposal, we provide the corresponding TP as follows.

TP 1: For TS 38.214 [1]
	5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
[bookmark: _Hlk26289978]Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of 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. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS 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). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. If a UE is configured with enableDefaultTCIStatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, 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. When a UE is configured with enableTwoDefaultTCIStates, if the offset between the reception of the DL DCI and the corresponding PDSCH or the first PDSCH transmission occasion is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', 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-r16 set to 'TDMSchemeA' or is configured with higher layer parameter repetitionNumber-r16,  two TCI states are indicated, 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. When one TCI state is indicated, the mapping of the TCI state to PDSCH transmission is determined according to clause 5.1 by replacing the indicated TCI state with the first of TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
<Unchanged parts are omitted>




Closed-loop power control for M-DCI
In UE feature agenda of RAN1#101-e meeting, it has been agreed that the same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values is not supported if a UE supports out-of-order operation.
	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH
	Note: “Same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values is not supported by a UE indicating the support of this feature”
	Optional with capability signalling



However, according to the note in this feature group, there are two interpretations to UE behavior
· Interpretation 1: If UE supports this feature, UE always assumes independent close loop power control for PUSCHs associated with different CORESETPoolIndex values regardless close loop index [image: ].  
· Interpretation 2:  If UE supports this feature, UE expects to be configured with different close loop index [image: ]for PUSCHs associated with different CORESETPoolIndex values. 
Although the interpretation 1 provides more flexibility since each TRP can still maintain two close loop power control as the same as Rel-15 (In Rel-15, two close loop indices are usually for configured grant PUSCH and grant based PUSCH respectively), the wording in the note seems more aligned with the interpretation 2. So we provide the corresponding TP for the interpretation 2 in 38.213. 

TP 2: For TS 38.213 [2]
	[bookmark: _Ref497117847][bookmark: _Toc12021446][bookmark: _Toc29894814][bookmark: _Toc20311558][bookmark: _Toc29917268][bookmark: _Toc29899113][bookmark: _Ref500774487][bookmark: _Toc29899531][bookmark: _Toc26719383]7.1.1	UE behaviour
<Unchanged parts are omitted>
-	For the PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] in PUSCH transmission occasion [image: ]
-	[image: ] is a TPC command value included in a DCI format that schedules the PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] or jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in Clause 11.3
-	[image: ] if the UE is configured with twoPUSCH-PC-AdjustmentStates and [image: ] if the UE is not configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by a RAR UL grant as described in Clause 8.3
-	For a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of [image: ] is provided to the UE by powerControlLoopToUse
-	If the UE is provided SRI-PUSCH-PowerControl, the UE obtains a mapping between a set of values for the SRI field in a DCI format scheduling the PUSCH transmission and the [image: ] value(s) provided by sri-PUSCH-ClosedLoopIndex and determines the [image: ] value that is mapped to the SRI field value
-	If the PUSCH transmission is scheduled by a DCI format that does not include an SRI field, or if an SRI-PUSCH-PowerControl is not provided to the UE, [image: ]
-	If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI, the [image: ] value is provided by the closed loop indicator field in DCI format 2_2
-	UE expects to be configured with different  [image: ] values for  PUSCH transmissions scheduled or activated by DCIs associated with different CORESETPoolIndex values if the UE supports Out-of-order operation for UL.
<Unchanged parts are omitted>



Active BWP for multi-TRP
In Rel-16 discussion, there were following agreements made in RAN1#96 meeting. 
Agreement 
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.
As shown in the yellow part, the same active BWP is expected only if UE receives multiple PDSCHs simultaneously. However, the condition, i.e. the yellow part is not captured in the current 38.214 [1]. Then, the same BWP should always be ensured even if multiple PDSCHs are in different slots. So BWP switching and M-TRP cannot be supported concurrently. This is not aligned with the agreement. In RAN1#99 post-meeting email discussion, we proposed to simply capture the above highlight part, there seemed no concern on our text proposal. However, it was not captured in the latest spec because of limited time. 
In addition, when UE is scheduled with full/partially-overlapped PDSCHs only in time domain, the upper bound of the number of CWs should also be two. The corresponding spec description should be corrected. 
Based on above analysis, we provide the text proposal as follows

TP 3: For TS 38.214 [3]
	[bookmark: _Toc20317970][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc11352080][bookmark: _Toc29674267][bookmark: _Toc27299868]5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged parts are omitted>
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH,  and the UE is expected to be activated one BWP per serving cell. When the UE is scheduled with multiple PDSCHs simultaneously at given symbols in a serving cell, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, the following operations are allowed: 
<Unchanged parts are omitted>



TDMed UL transmission for MDCI 
For Multi-DCI based MTRP, if separate ACK/NACK feedback is configured, UL transmissions towards different TRPs should be TDMed. However, the current spec description is not clear enough since ‘overlap’ may be only in time domain, or frequency domain or both. Thus, we provide the following TP to make spec clearer.
TP 4: For TS 38.213 [2]
	[bookmark: _Toc29894852][bookmark: _Toc20311592][bookmark: _Toc26719417][bookmark: _Toc12021480][bookmark: _Toc29899569][bookmark: _Toc36498180][bookmark: _Toc45699206][bookmark: _Toc29899151][bookmark: _Toc29917306]9.2.5 UE procedure for reporting multiple UCI types
<Unchanged parts are omitted>
A UE that
-	is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ACKNACKFeedbackMode = SeparateFeedback
does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the first CORESETs to overlap in time domain with a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the second CORESETs. If there is one or more aperiodic CSI reports multiplexed on PUSCHs in the group of overlapping PUCCHs and PUSCHs and if symbol [image: ] is before symbol [image: ] that is a next uplink symbol with CP starting after [image: ] after the end of the last symbol of 
-	the last symbol of aperiodic CSI-RS resource for channel measurements, and 
-	the last symbol of aperiodic CSI-IM used for interference measurements, and 
-	the last symbol of aperiodic NZP CSI-RS for interference measurements, when aperiodic CSI-RS is used for channel measurement for triggered CSI report [image: ] 
the UE is not required to update the CSI report for the triggered CSI report [image: ]. [image: ]is defined in [6, TS 38.214] and [image: ] corresponds to the smallest SCS configuration among the SCS configurations of the PDCCHs scheduling the PUSCHs, the smallest SCS configuration of aperiodic CSI-RSs associated with DCI formats provided by the PDCCHs triggering the aperiodic CSI reports, and the smallest SCS configuration of the overlapping PUCCHs and PUSCHs and [image: ] for [image: ], [image: ] for [image: ] and [image: ] for [image: ]. 
If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK information, and/or SR, and/or CSI reports and any PUCCH with HARQ-ACK information in the slot satisfies the above timing conditions and does not overlap with any other PUCCH or PUSCH in the slot that does not satisfy the above timing conditions, the UE multiplexes the HARQ-ACK information, and/or SR, and/or  CSI reports and determines corresponding PUCCH(s) for transmission in the slot according to the following pseudo-code. If the multiple PUCCHs do not include HARQ-ACK information and do not overlap with any PUSCH transmission by the UE in response to a DCI format detection by the UE, the timing conditions do not apply. 
<Unchanged parts are omitted>



Separate Type 1 HARQ-ACK codebook 
Based on the current 38.213 for type-1 HARQ-ACK codebook, the separate serving cell set   and set  seem only used for joint feedback. When a UE separately feeds back a type 1 HARQ-ACK codebook to each TRP, it is unclear that the two HARQ-ACK codebooks corresponding to two TRPs are based on the separate or the same serving cell sets. In our view, it is natural to support the two HARQ-ACK codebooks with different serving cell sets since it can avoid unnecessary HARQ-ACK bits. For example, HARQ-ACK codebook 2 for the second TRP won’t include default HARQ-ACK bits for {cell 3 and cell 4} as shown in Figure 7-1 where cell 3 and 4 are configured with single TRP transmission.   


Figure 7-1: Different HARQ-ACK codebook associated with different serving cell set 
Proposal 3: The two type 1 HARQ-ACK codebooks corresponding to two TRPs should be based on different serving cell sets regardless of joint or separate feedback.  

TP 5: For TS 38.213 [2]
	[bookmark: _Toc29917294][bookmark: _Toc26719407][bookmark: _Toc12021470][bookmark: _Toc29894840][bookmark: _Toc36498168][bookmark: _Toc45699194][bookmark: _Toc29899557][bookmark: _Ref505248562][bookmark: _Toc29899139][bookmark: _Toc20311582]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged parts are omitted>
If a UE
-	is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ACKNACKFeedbackMode = JointFeedback
where 
-	a serving cell is placed in a first set  of  serving cells if the serving cell includes a first CORESET, and
-	a serving cell is placed in a second set  of  serving cells if the serving cell includes a second CORESET, and
-	serving cells are placed in a set according to an ascending order of a serving cell index
the UE generates a Type-1 HARQ-ACK codebook for the set   and the set  of serving cells separately by setting  and  in the following pseudo-code. If the UE is provided ACKNACKFeedbackMode = JointFeedback, Tthe UE concatenates the HARQ-ACK codebook generated for the set  followed by the HARQ-ACK codebook generated for the set  to obtain a total number of [image: ] HARQ-ACK information bits.
<Unchanged parts are omitted>



Wideband PRG for Scheme 2a and Scheme 2b  
In Rel-15, when PRG is "wideband", UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resource. However, it does not work for ‘FDMSchemeA’ and ‘FDMSchemeB’ for Rel-16 MTRP, in which two TCI states are applied on different frequency resource  parts of the scheduling PDSCH.
Observation 3: When PRG is "wideband", UE assumes the same precoding applying to the allocated resource 
corresponding to each TCI state for Scheme 2a and 2b.
Based on above observation, we provide the text proposal as follows
TP 6: For TS 38.214
	[bookmark: _Toc11352089][bookmark: _Toc29674276][bookmark: _Toc29673283][bookmark: _Toc29673142][bookmark: _Toc20317979][bookmark: _Toc27299877]5.1.2.3	Physical resource block (PRB) bundling
<Unchanged parts are omitted>

If  is determined as "wideband", the UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resource except that the UE configured by the higher layer parameter repetitionScheme-r16 set to 'FDMSchemeA' or 'FDMSchemeB', and when the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)", for which the UE may assume that the same precoding is applied to the allocated resource corresponding to the same TCI state.




TBS for Scheme 3 
In current specification, TBS of PDSCH is based on the number of OFDM of PDSCH in one slot. It isn’t suitable for ‘TDMSchemeA’, for which two TBs are transmitted in the PDSCH symbols in one slot via repetitions with two TCI states.
Based on above analysis, we provide the text proposal as follows
TP 7: For TS 38.214
	[bookmark: _Toc29673145][bookmark: _Toc11352092][bookmark: _Toc29673286][bookmark: _Toc20317982][bookmark: _Toc29674279][bookmark: _Toc27299880]5.1.3.2	Transport block size determination
<Unchanged parts are omitted>
1)	The UE shall first determine the number of REs (NRE) within the slot. 








[bookmark: _Hlk500489688][bookmark: _Hlk515619163]-	A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in a physical resource block,  is the number of symbols of the PDSCH allocation for one PDSCH occasion within the slot ,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data, as indicated by DCI format 1_1 or format 1_2 or as described for format 1_0 in Clause 5.1.6.2, and  is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig. If the xOverhead in PDSCH-ServingCellconfig is not configured (a value from 0, 6, 12, or 18), the  is set to 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI or P-RNTI,  is assumed to be 0. 



PDCCHs of two TRPs 
Since Rel-16 UE is able to support two PDSCHs with different QCL-TypeD, it is natural to support PDCCHs with different QCL-TypeD as well since the default TCI of PDSCH follows respective PDCCH for Multi-DCI based MTRP transmission. 
In current 38.213, the number of monitored PDCCH candidates are determined for each TRP, but a UE can only receive one QCL-TypeD at a given time across all TRPs. It will lead many PDCCH candidates corresponding to one TRP can’t be monitored in the case PDCCH candidates from two TRPs overlap in the time domain. The scheduling latency will be increased as the CORESETs of the two TRPs have to be TDMed. 
Proposal 4: The specification should support two QCL-TypeD at a given time for PDCCH reception.
Based on proposal 6, we provide the corresponding TP as follows
TP 8: For TS 38.213
	5.1.3.2	Transport block size determination
<Unchanged parts are omitted>
If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs with the same CORESETPoolIndex that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET among the multiple CORESETs, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells 
-	the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
-	the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions
-	for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS 
-	for the purpose of determining the CORESET, a first CSI-RS associated with a SS/PBCH block in a first cell and a second CSI-RS in a second cell that is also associated with the SS/PBCH block are assumed to have same QCL-TypeD properties 
-	the allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all search space sets associated with the multiple CORESETs on the active DL BWP(s) of the one or more cells 
 -	the number of active TCI states is determined from the multiple CORESETs 
<Unchanged parts are omitted>



 RV offset for scheme 4 
For scheme 4, the RV offset is defined between PDSCH occasions from two TRPs, and it is configured by RRC signaling. As shown in Table 5.1.2.1-3, when sequenceOffsetforRV-r16 is present, the RV values for the second TRP can be deduced based on value n.  This solution is very useful for blockage scenarios. 
However, for non-blockage scenarios, e.g. in FR1, because sequenceOffsetforRV-r16 is semi-statically configured by RRC signaling, but the number of repetitions is dynamically indicated by DCI, it is impossible to always ensure the comparable benefit as Rel-15. For example, assuming sequenceOffsetforRV-r16 = 2, rvid =0,
· If the number of PDSCH repetitions is 2, the RV values of two PDSCH occasions are {0, 2} based on Table 5.1.2.1-3. RV{0, 2} is the best combination for two PDSCH repetitions as the same as Rel-15 because it can provide the most soft combining gain.
· However, if the number of PDSCH repetitions is changed to 4, RV values are {0, 2} for PDSCHs with the first TCI state, and RV values are {2, 0} for PDSCHs with the second TCI state. So the RV combination for four repetitions are {0,2,2,0}. Since there is no blockage, RV {0,2,3,1} should be the best values for four PDSCH repetitions rather than {0,2,2,0} since it cannot provide full coding bits.
Therefore, for non-blockage scenarios, Rel-15 RV design is much better than Rel-16 design. In this case, the higher layer parameter sequenceOffsetforRV-r16 can be just absent. Therefore, we propose to use Rel-15 RV design in the case when sequenceOffsetforRV-r16 is absent.
Proposal 5: For single DCI based scheme 4, Rel-15 RV design is adopted in the case when sequenceOffsetforRV-r16 is absent.

TP 9: For TS 38.214 [3]
	5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged parts are omitted>
[bookmark: _Hlk23779989]The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. When sequenceOffsetforRV-r16 is present, Ffor all PDSCH transmission occasions associated with the first TCI state, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  is counted only considering PDSCH transmission occasions associated with the first TCI state. The redundancy version for PDSCH transmission occasions associated with the second TCI state is derived according to Table 5.1.2.1-3, where additional shifting operation for each redundancy version is configured by higher layer parameter sequenceOffsetforRV-r16RVSeqOffset  and  is counted only considering PDSCH transmission occasions associated with the second TCI state. When sequenceOffsetforRV-r16 is absent, for all PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  is counted considering all PDSCH transmission occasions.
Table 5.1.2.1-3: Applied redundancy version for the second TCI state when sequenceOffsetforRV-r16RVSeqOffset is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion with second TCI state

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



<Unchanged parts are omitted>




Conclusion
In this contribution, we discuss some remaining issues of MTRP. The following observations and proposals are given as follows. The detailed TPs can be found in section 3-11. 
Observation 1: For Single-DCI, default TCI state of AP CSI-RS should be the subset of default TCI states of PDSCH.
Observation 2: For Single-DCI, performance loss is caused if the number of configured TCI states mismatches the real used one.
Observation 3: When PRG is "wideband", UE assumes the same precoding applying to the allocated resource 
corresponding to each TCI state for Scheme 2a and 2b.

Proposal 1: In multi-DCI based M-TRP, when the scheduling offset AP CSI-RS is less than beamSwitchTiming:
· If there is any other DL signal with an indicated TCI state in the same symbol as the AP CSI-RS, and the other signal  is associated with the same CORESETPoolIndex as the AP CSI-RS or is a semi-persistent or periodic CSI-RS
·  The UE applies the QCL assumption of the other DL signal when receiving the AP CSI-RS
· Otherwise, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest ID among all the CORESETs with the same value of CORESETPoolIndex as the PDCCH triggering the AP CSI-RS, in the latest slot in which one or more CORESETs associated with the same CORESETPoolIndex as the PDCCH triggering the AP CSI-RS within the active BWP of the serving cell are monitored

Proposal 2: For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming
-  If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS. 
o    When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), the UE applies first QCL assumption of the other signal to receive the AP CSI-RS.
-  If there is no known DL signal in the symbols of AP CSI-RS:
o    If the indicated TCI state for the AP-CSI-RS is the same with one of the default TCI-states for PDSCH, the UE applies the TCI state indicated by the DCI;
o    Otherwise, the UE apply the first one of default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
Proposal 3: The two type 1 HARQ-ACK codebooks corresponding to two TRPs should be based on different serving cell sets regardless of joint or separate feedback.  
[bookmark: _GoBack]Proposal 4: The specification should support two QCL-TypeD at a given time for PDCCH reception..
Proposal 5: For single DCI based scheme 4, Rel-15 RV design is adopted in the case when sequenceOffsetforRV-r16 is absent.
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