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1. [bookmark: _Ref5850594]Introduction
This contribution summarizes the following email discussion in AI 7.2.11 regarding Rel-16 UE features for eMIMO.

[108-e-R16-UE-features-MIMO-01] Email discussion/approval on UE feature for Multi-DCI Multi-TRP PUSCH operation – Hiroki (DOCOMO)
· [bookmark: _Hlk96091850]Clarify how the multi-DCI multi-TRP PUSCH operation is supported by existing FGs
· Only if it is deemed necessary, the introduction of separate FG for the multi-DCI multi-TRP PUSCH operation can be considered with coordination with RAN2.
· First check point: February 24
· Final check point: March 1
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2. Discussion on UE features for eMIMO


Multi-DCI Multi-TRP PUSCH operation (a new FG and FG16-2a-3) [2]
Following proposal is made in a contribution in AI7.2.11.
	[2]
	In Rel-16 UE feature, the following FG16-2a is introduced as per FSPC UE capability. 
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0
1. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0
1. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
1. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
	
	Yes
	N/A
	
	Per FSPC
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex

[bookmark: _Hlk42697325]Component 1:  Candidate values {2,3,4,5} 
Note: 1.	If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3} 
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15

	Optional with capability signaling



In 38.331, this FG is implemented as multiDCI-MultiTRP-r16, but only for the DL CC. 
[image: ]
As results, UE can only indicate whether UE supports Multi-DCI Multi-TRP PDSCH operation for DL CC, not for UL CC. Multi-DCI Multi-TRP PUSCH operation is also supported in Rel-16 MIMO enhancement. In fact, we specifically allow the OOO (out of order) scheduling of PUSCH from different TRP with UE capability FG16-2a-3. We believe the UE capability for the support of Multi-DCI Multi-TRP PUSCH operation is missing in the current specification. Therefore, we have the following proposal

Proposal 1: Introduce per FSPC UE capability reporting for the support of Multi-DCI Multi-TRP PUSCH operation, with the following TP
· Prerequisite of FG16-2a-3 is modified to new FG16-2a-11

	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differe-ntiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	16-2a-11
	Multi-DCI based multi-TRP PUSCH operation
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0
1. The maximum number of CORESETs configured per coresetPoolIndex (if coresetPoolIndex is not configured, it is assumed coresetPoolIndex = 0) per BWP per cell in addition to CORESET 0
1. Maximum number of unicast PUSCHs per coresetPoolIndex per slot


	
	Yes
	N/A
	
	Per FSPC
	No
	No
	
	Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of coresetPoolIndex

Component 1:  Candidate values {2,3,4,5} 
Note: 1.	If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3} 
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 3: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15

	Optional with capability signaling

	16-2a-3
	Out-of-order operation for UL
	Support out-of-order operation for PDCCH to PUSCH
	16-2a-11
	Yes
	N/A
	
	Per band
	No
	No
	
	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 when TPC accumulation is enabled.”
	Optional with capability signalling






During the preparation phase email discussion, following feedbacks were provided.
	Company
	Comment

	Apple
	We support this proposal. Rel-16 supports Multi-DCI Multi-TRP PUSCH operation, and, we also allow OOO operation as well. However, we think the basic Multi-DCI Multi-TRP PUSCH related capability is missing. 

	ZTE
	We prefer not to introduce the new FGs at such late stage of Rel-16 because of NBC issue. 
Technically, we think a new FG is unnecessary for MTRP PUSCH operation. Support of existing FG 16-2a implies that MTRP PUSCH is supported as CORESETs is shared for DL and UL. Perhaps, we can clarify support of MTRP PUSCH operation in the existing FG 16-2a. 

	OPPO
	We are fine with the proposal. Otherwise, current signaling in 38.331 is difficult to support capability reporting of mTRP based uplink transmission.

	Samsung
	We don’t support the proposal since the only thing what we agreed for multi-DCI based multi-TRP PUSCH transmission in Rel-16 is releasing out-of-order, we think that the current FG 16-2a-3 is enough to support multi-DCI multi-TRP PUSCH.

	Nokia, NSB
	We do not support the proposal. We believe the existing agreements are already captured in the existing FGs. If some clarifications are needed we can be open to that, but as long as backward compatibility is maintained.

	NTT DOCOMO
	We don’t prefer to introduce the new FGs at late stage, because it would course potential NBC issue. We are open to discuss further clarification of existing FGs.

	Intel
	In Rel-16 multi-DCI multi-TRP operation uplink operation is transparent, except out of order PDCCH to PUSCH support that is indicated using GF 16-2a-3. Therefore we don’t see the need for this

	QC
	Agree with most companies in principle. In Rel-16, PUSCH-related functionality for multi-DCI is limited to out-of-order, which is captured in FG 16-2a-3. It is not clear why number of CORESETs (per TRP and total) for multi-DCI based PUSCH operation should be different than number of CORESETs indicated in 16-2a. Also, it is not clear why “Maximum number of unicast PUSCHs per coresetPoolIndex per slot” is needed as time-domain overlapping PUSCHs is not supported in Rel-16. Such capability is needed in Rel-18 with simultaneous PUSCH transmissions. 
We are open to a separate capability for multi-DCI based PUSCH operation if it is needed, but we should take into account the following:
· Independent indication of number of CORESETs (compared to 16-2a) is not needed.
· Max number of unicast PUSCHs per slot should not be increased compared to Rel-15.

	Ericsson
	We do not support introducing new FGs at this very late stage of Rel-16.
We share the same understanding as ZTE that MTRP PUSCH is supported by the baseline FG 16-2a and the CORESETs are shared between DL and UL.  Also, the proposal in R1-2201757 implies that maxNumberCORESET-r16 and maxNumberCORESETPerPoolIndex-r16 as compoments of a featue in an UL CC.  This does not make much sense as number of CORESETs should be defined per DL CC, and not UL CC. 

	Moderator (NTT DOCOMO)
	Thanks for the feedbacks!
Companies’ views can be summarized as below.
· Support discussing the introduction of new FG
· Apple, OPPO, (Qualcomm)
· Not support the introduction of new FG, but open to discuss clarification of existing FG
· ZTE, Samsung, Nokia/NSB, NTT DOCOMO, Intel, Qualcomm, Ericsson
There is a clear majority arguing that the introduction of new FG is not necessary/preferable while it would be possible to discuss some clarification on existing FGs if necessary.
Therefore, FL proposal can be updated as below.
Updated FL proposal #1 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-eMIMO-01] Email discussion/approval on UE feature for Multi-DCI Multi-TRP PUSCH operation
· Clarify how the multi-DCI multi-TRP PUSCH operation is supported by existing FGs
· Only if it is deemed necessary, the introduction of separate FG for the multi-DCI multi-TRP PUSCH operation can be considered.


	Huawei, HiSilicon
	Our preference is that the fist main bullet is sufficient and we share most others view in the initial round. Basically at this stage we could acceptably consider calrifications on exisiting FGs to make the relevant operations workable – new FGs that affect ASN.1 should be coordinated with RAN2 to see if still possible. 

	MTK
	We are fine with the “Updated FL proposal #1 of email discussion/approval”

	vivo
	We are fine with the updated FL proposal #1.

	Moderator (NTT DOCOMO)
	Thanks for further feedbacks!
It seems there is no strong concern on the updated FL proposal #1 and we can clarify that any new FG to be introduced at this late stage should be coordinated with RAN2.
Therefore, the final updated FL proposal #1 is below.
FL proposal #1 of email discussion/approval:
[108-e-AI7.2.11-NR-UEFeature-eMIMO-01] Email discussion/approval on UE feature for Multi-DCI Multi-TRP PUSCH operation
· Clarify how the multi-DCI multi-TRP PUSCH operation is supported by existing FGs
· Only if it is deemed necessary, the introduction of separate FG for the multi-DCI multi-TRP PUSCH operation can be considered with coordination with RAN2.




Based on the above, FL suggests discussing whether/how to clarify the multi-DCI multi-TRP PUSCH operation is supported by existing FGs.
FL proposal #1
· Clarify how the multi-DCI multi-TRP PUSCH operation is supported by existing FGs
· Only if it is deemed necessary, the introduction of separate FG for the multi-DCI multi-TRP PUSCH operation can be considered with coordination with RAN2.

For example, component description of FG16-2a can be updated so that FG16-2a is applicable to multi-DCI multi-TRP PUSCH as well as multi-DCI multi-TRP PDSCH.
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0 for multi-DCI based multi-TRP PDSCH/PUSCH operation
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0 for multi-DCI based multi-TRP PDSCH/PUSCH operation
3. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
4. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot


	
	Yes
	N/A
	
	Per FSPC
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex

Component 1:  Candidate values {2,3,4,5} 
Note: 1.	If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3} 
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15

	Optional with capability signaling

	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH
	16-2a
	Yes
	N/A
	
	Per band
	No
	No
	
	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 when TPC accumulation is enabled.”
	Optional with capability signalling




Companies are encouraged to check above FL proposal and to provide feedback if any in below. 
	Company
	Comment

	Apple
	We are supportive of the updated FG16-2a proposed by the moderator, we have two things to clarify 
· How does UE report the maximum number of unicast PUSCHs that UE can support per slot?
· Do we reuse Rel-15 FG5-12/12a/12, and clarify that it is counted across both TRPs, i.e., CORESETPoolIndex?
· If we can agree on the updated FG16-2a which we s upport, as part of LS to RAN2, we can request RAN2 to introduce the UE capability reporting in FeatureSetUplinkPerCC

	LG
	We support the FL proposal. Regarding maximum number of unicast PUSCHs, we can reuse Rel 15 FGs and since those FGs does not consider CORESETPoolIndex, the number is naturllay counted across both CORESETPoolIndex.

	Samsung
	Support the FL proposal. We have aligned understanding with Apple and LG on the interpretation on the maximum number of unicast PUSCHs for multi-DCI multi-TRP PUSCH operation.

	QC
	Support the FL proposal. Regarding max number of unicast PUSCHs, we have same understanding with other companies (it is based on Rel-15 FGs).
Regarding whether UE capability reporting in FeatureSetUplinkPerCC should be introduced or not: We think more discussions would be helpful to align the understanding in case this is introduced:
· Can UE report different values for component 1 and 2 in FeatureSetDownlinkPerCC versus in FeatureSetUplinkPerCC?
· What is the meaning of component 3 and 4 in FeatureSetUplinkPerCC?

	ZTE
	Support the FL proposal and share the same view as LG for the maximum number of unicast PUSCHs.
Regarding the question from QC, our understanding is
· The same values for component 1 and 2 should be used in FeatureSetDownlinkPerCC and in FeatureSetUplinkPerCC
· Component 3 and 4 is not needed for UL

	OPPO
	Support the FL proposal and we have same understanding with other companies (it is based on Rel-15 FGs).

	Huawei
	We can support the FL proposal, in condition that RAN1 can have clear consense that it does not imply introducing new FG for multi-DCI multi-TRP PUSCH operation in the future. Therefore we have somewhat similar understanding as LG and ZTE acorss CORESETPoolIndex for PUSCH.  
Rel-16 PUSCH-related functionality using multi-DCI is limited to out-of-order PDCCH to PUSCH and it has been captured in FG 16-2a-3 associated with RAN1 spec changes over Rel-15 spec. Therfore other multi-DCI based PUSCH operations beyond OOO is based in Rel-15 specifciation and Rel-15 UE capability for both gNB and UE supporting this feature, by “ignoring” CORESETpoolindex. 

	Lenovo
	We support the FL proposal and have the same understanding with other companies. 
Multi-DCI based PUSCH operation except OOO should be based on Rel-15 specification and Rel-15 UE capability. 

	Ericsson
	We support FL’s updated proposal.  We also have the same understanding that the number of unicast PUSCHs is based on Rel-15 FGs and are counted across both CORESETPoolIndices.
We do not support adding a new UE capability as part of FeatureSetUplinkPerCC.  Note that the FGs in FeatureSetUplinkPerCC are generally uplink related.  It does not make sense to put components 1 and 2 in FeatureSetUplinkPerCC since components 1 and 2 are related to number of CORESETs which are downlink related.  Our understanding of moderator proposal is to modify existing FG 16-2a and not to introduce a new FG.

	Moderator (NTT DOCOMO)
	Thank you very much for the feedbacks!
It seems there is no major concern on the FL proposal #1, and based on the feedbacks, following additional clarification can be done.
· [bookmark: _Hlk96490256]The maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs

One remaining discussion point is whether to introduce the UE capability reporting of FG16-2a also in FeatureSetUplinkPerCC
· Alt.1: RAN1 requests RAN2 to introduce the UE capability reporting of FG16-2a also in FeatureSetUplinkPerCC with following conditions
· The same values for component 1 and 2 should be used in FeatureSetDownlinkPerCC and in FeatureSetUplinkPerCC
· The component 3 and 4 are not needed in FeatureSetUplinkPerCC
· Alt.2: No need to introduce the UE capability reporting of FG16-2a in FeatureSetUplinkPerCC, with following understanding
· Values for component 1 and 2 of FG16-2a in FeatureSetDownlinkPerCC are used for multi-DCI based multi-TRP PUSCH operation as well as for multi-DCI based multi-TRP PDSCH operation

Companies are encouraged to provide further feedback on above summary and discussion point.

	NTT DOCOMO
	Support the FL proposal. We slightly prefer to modify it as “…, and it is counted across both CORESETPoolIndices CORESETPoolIndex of TRPs”, because it is clearer. 
Our preference is Alt.2.

	LG
	Regarding the remaining discussion point on new UE capability in FeatureSetUplinkPerCC, we support Alt 2 and FL’s example for modification of FG16-2a is enough, if clarification for MTRP PUSCH is needed. The number of CORESEts are downlink leated compoenent so it seems not appropriate to introduce this in FeatureSetUplinkPerCC.

	ZTE
	We prefer Alt.2 from RAN1 perspective. However, we think whether to change FeatureSetUplinkPerCC is up to RAN2.  It is sufficient to send the updated FG16-2a to RAN2 via an LS. 

	Samsung
	We support Alt2 since component 1 and 2 are already included in FeatureSetDownlinkPerCC. Hence, we think that adding the added wording from Moderator on component 1 and 2 are enough.

	OPPO
	We support Alt2 with modified description for component 1/2 of FG16-2a to be applied to uplink.

	QC
	We are ok with either Alt1 or Alt2.

	Huawei
	We support Alt2 since Alt 1 is ambiguous in RAN1 spec, e.g. 38.213, and late for RAN2. 

	vivo
	Support the FL proposal #1 with additional clarification and prefer Alt.2.

	Apple
	We have two comments 
· We think Alt 1 is the only way to go 
· multiDCI-MultiTRP-r16 is a per FSPC (per CC per band per BC) , that means in a band per BC, UE can report UE supports multiple CCs, and in some DL CCs, UE supports Multi-DCI Multi-TRP, in some other CCs, UE does not support Multi-DCI Multi-TRP
· UE typically support different (less) number of UL CCs compared to DL CCs 
· Now if we adopt Alt 2, i.e., do not introduce capability in FeatureSetUplinkPerCC, we need to introduce an association between DL CC and UL CC in the same band, especially for FDD, we do not think we have it now
· Similarly, we do not know how component 1 and component 2 should be the same between DL CC and UL CC
· Currently, component 1 is reported per FSPC as well, and, can be reported differently fo each CC. How do we check which DL CC is associated with which UL CC during the capability reporting? 

Our proposal is, as compromise from our side 
· Adopt Alt 1, i.e., RAN1 requests RAN2 to introduce the UE capability reporting of FG16-2a also in FeatureSetUplinkPerCC with following conditions
· The component 1, 2, 3 and 4 are not needed in FeatureSetUplinkPerCC

	Ericsson
	Support Alt 2.

	Moderator (NTT DOCOMO)
	Thank you very much for further feedbacks!
Based on the feedbacks, we can observe that one company (Apple) supports Alt.1 only while all other companies are fine with Alt.2.
Apple provided some reasons for Alt.1, and hence other companies are encouraged to check them and provide feedback if any.
FL would also like to ask Apple to check companies’ feedbacks and consider them to conclude the issue.

FL has some questions on Apple’s proposal as below. More explanation will be appreciated.
·  multiDCI-MultiTRP-r16 is currently defined as below in FeatureSetDownlinkPerCC. If “component 1, 2, 3 and 4 are not needed in FeatureSetUplinkPerCC”, what kind of capability is reported in FeatureSetUplinkPerCC?
    multiDCI-MultiTRP-r16               MultiDCI-MultiTRP-r16                                                   OPTIONAL,
MultiDCI-MultiTRP-r16 ::=           SEQUENCE {
    maxNumberCORESET-r16                ENUMERATED {n2, n3, n4, n5},
    maxNumberCORESETPerPoolIndex-r16    INTEGER (1..3),
    maxNumberUnicastPDSCH-PerPool-r16   ENUMERATED {n1, n2, n3, n4, n7}
}
· FG16-2a seems a capability mainly for handling multi-DCIs for multi-TRP, and hence it is natural to be in FeatureSetDownlinkPerCC for both multi-DCI based multi-TRP PDSCH and PUSCH operations. PUSCH related capabilities for multi-DCI based multi-TRP PUSCH operation can be reported in FG16-2a-3 (per band) and Rel-15 FG5-12/12a/12b (per FS) according to the discussion so far. Then, why is “an association between DL CC and UL CC in the same band” necessary?

	Apple
	Let me explain in more details with one example 
FG16-2a, i.e., Multi-DCI Multi-TRP, is reported per FSPC (per CC per band per BC). 
Let us give a simple example. UE reports UE support BC1 = {B1}, i.e., a BC1 with a single band B1. Furthermore, UE can report in B1 in BC1 that UE supports 
· 4 DL CC, i.e., DLCC1, DLCC2, DLCC3, DLCC4
· 2 UL CC, i.e., ULCC1, ULCC2
If we support Alt2, per FSPC means UE can report 
· UE supports Multi-DCI Multi-TRP in DLCC1 only
· UE does not support Multi-DCI Multi-TRP in DLCC2/3/4 only
Below is illustration 
	BC1

	B1

	DLCC1
	DLCC2
	DLCC3
	DLCC4
	ULCC1
	ULCC1

	Support
	Not support 
	Not support
	Not support
	
	


 
The question is, without Alt 1, how can gNB know whether UE supports Multi-DCI Multi-TRP PUSCH operation on ULCC1 and or ULCC2?

	ZTE
	Thanks for the good example. In our view, support of Multi-DCI based MTRP PUSCH does not cause any extra UE complexity except for out-of-order which depends on the timing between PDCCH in a DL CC and PUSCH in a UL CC. Hence, whether to support of MTRP PUSCH in an UL CC automatically depends on the DL CC of the scheduling PDCCH . 
In your example, if the PUSCH is scheduled by DL CC1, UE will be able to support PUSCH associated with a coresetPoolIndex , i.e. MTRP PUSCH .  Otherwise, the PUSCH will be a STRP transmission.  Hope my clarification is aligned with others.

	Apple
	I do not fully understand your explanation. When we define the Multi-DCI Multi-TRP FG, it is defined based on the scheduled cell, not the scheduling cell. Cross carrier scheduling is a separate issue. 
Are you suggesting that we need to change interpretation of FG16-2a fundamentally? 
For example, when we report we support Multi-DCI Multi-TRP PDSCH on DLCC1, it means  when DLCC1 is the scheduled cell we support Multi-DCI Multi-TRP. 
Are you suggesting that it should be interpreted as any DL cell that can be scheduled by DLCC1, we have to support Multi-DCI Multi-TRP PDSCH? This is the fundamental issue applies to all the other Rel-15 per FSPC UE feature. We do not think this is the right understanding all and we cannot accept it at all. It will make the current UE FG completely broke and the NR commercial deployment. 
Also, how can UE report to gNB which DL CC can schedule each UL CC? Remember, for each ULCC, it comes with a lot of different UE capability that is per FSPC like maximum MIMO layers, UL BW, SRS and a lot more. 
Maybe I need to ask a more fundamental question, when we have a per FSPC feature like maximum MIMO layers, Multi-DCI Multi-TRP etc, do we report it on the scheduled cell or scheduling cell?

	Qualcomm
	We think multi-DCI mTRP is per scheduled cell. Anyway, cross-carrier scheduling is not defined for multi-DCI yet.
Just to better understand the issue and question mentioned by Haitong “how can gNB know whether UE supports Multi-DCI Multi-TRP PUSCH operation on ULCC1 and or ULCC2? ”, why knowing the exact CC among ULCC1 and ULCC2 is relevant or important? Of course, once the gNB configures CA, DL CCs and UL CCs (and pairing for FDD) is clear.
In the description of “featureSetListPerDownlinkCC”, we have the following in 38.331 (similar text also for “featureSetListPerUplinkCC”):
	FeatureSetDownlink field descriptions

	featureSetListPerDownlinkCC
Indicates which features the UE supports on the individual DL carriers of the feature set (and hence of a band entry that refer to the feature set). The UE shall hence include at least as many FeatureSetDownlinkPerCC-Id in this list as the number of carriers it supports according to the ca-BandwidthClassDL, except if indicating additional functionality by reducing the number of FeatureSetDownlinkPerCC-Id in the feature set (see NOTE 1 in FeatureSetCombination IE description). The order of the elements in this list is not relevant, i.e., the network may configure any of the carriers in accordance with any of the FeatureSetDownlinkPerCC-Id in this list.



Of course, the number of carriers and BW is based on CA capabilities (e.g., CA-BandwidthClassNR as defined in 38.101-1/2), but do you think each DL CC in the featureSetListPerDownlinkCC can be identified exactly wrt its location in the band? In other words, focusing only on DL (multi-DCI based PDSCH), how does network map DLCC1, DLCC2, DLCC3, DLCC4 in featureSetListPerDownlinkCC to the actual locations in the illustration? W/o that mapping for DL CCs, why such mapping for UL CCs is needed?
Anyway, we can be fine with either Alt1 or Alt2 as mentioned before. One benefit of Alt1 would be that when we define UL-specific features for multi-DCI in the future (e.g., Rel-18) and if it requires per FSPC FG, the prerequisite relationship and basic FG can be defined more naturally.

	ZTE
	Regarding Haitong 's question, I think it is a good point. I remember the issue was discussed, i.e. whether the capability is based on scheduled CC or scheduling CC, but there is no consensus finally.  Hence, as Mostafa said, the cross-carrier scheduling is not defined for multi-DCI. 
As I mentioned before, there is no extra UE complexity at all for MTRP PUSCH (out-of-order is another FG ), so by default, UE is able to support MTRP PUSCH if the corresponding PDCCH is associated with a coresetPoolIndex .   Hence, even without any clarification for FG 16-2a, I think nothing is broken.

	Apple
	@Mostafa 
ULCC1 is different from ULCC2 because there are a lot of other UE capability reported in featureSetListPerUplinkCC, for example,
· ULCC1 can support maximum 4 layers PUSCH operation with maximum 100MHz BW
· ULCC2 can support maximum 2 layers PUSCH operation with maximum 50MHz BW
Still we have the question, in the following example 
	BC1

	B1

	DLCC1
	DLCC2
	DLCC3
	DLCC4
	ULCC1
	ULCC2

	Support
	Not support 
	Not support
	Not support
	 
	 


With Alt2, how dose gNB interpret whether UE supports Multi-DCI Multi-TRP operation on ULCC1 and/or ULCC2 without defining an association between DLCC and ULCC during the UE per FSPC capability.

@Chuangxin
In your explanation 
UE is able to support MTRP PUSCH if the corresponding PDCCH is associated with a coresetPoolIndex
How can gNB know “if the corresponding PDCCH is associated with a coresetPoolIndex” in the above example. Is DLCC1 associated with ULCC1 or ULCC2 or both? 

	Qualcomm
	If I understand the question/issue correctly, in Alt1, do we also need to define association between DLCC and ULCC? For example, if in the illustration, UE also supports mDCI for DLCC2, and UE supports mDCI in both ULCC1 and ULCC2 (based on Alt1) as shown below, does network need to know which of ULCC1 and ULCC2 is associated with which of DLCC1 and DLCC2?

	BC1

	B1

	DLCC1
	DLCC2
	DLCC3
	DLCC4
	ULCC1
	ULCC2

	Support mDCI (component 1=5 CORESETs)
	Support mDCI (component 1=2 CORESETs)
	Not support
	Not support
	 Support mDCI (Alt1)
support maximum 4 layers PUSCH operation with maximum 100MHz BW
	 Support mDCI (Alt1)

support maximum 2 layers PUSCH operation with maximum 50MHz BW




	Apple 
	In Alt 1, we have separate UE capability for ULCC, i.e., featureSetListPerUplinkCC, there is no need to have any association. In a band in a BC, in every CC, UE can report whether UE supports Multi-DCI Multi-TRP when that CC is the scheduled CC. If it is DL CC, the capability is for Multi-DCI Multi-TRP PDSCH operation. If it is UL CC, the capability is for Multi-DCI Multi-TRP PUSCH operation, 

The issue with Alt 2 is that UL capability is implicitly derived on the DL capability on a DL CC, which is never the case based on my knowledge. 

	Moderator (NTT DOCOMO)
	Thank you very much for further discussion!
As a summary at the first check point, following is provided from FL.
· For the multi-DCI based multi-TRP PUSCH operation, following can be clarified
· The maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs
· Following two alternatives are identified, and further discussion is necessary on whether Alt.1 is really necessary to make the multi-DCI based multi-TRP PUSCH operation workable or Alt.2 can work well
· Alt.1: RAN1 requests RAN2 to introduce the UE capability reporting of FG16-2a also in FeatureSetUplinkPerCC with following conditions
· The component 1, 2, 3 and 4 are not needed in FeatureSetUplinkPerCC 
· Alt.2: No need to introduce the UE capability reporting of FG16-2a in FeatureSetUplinkPerCC, with following understanding
· Values for component 1 and 2 of FG16-2a in FeatureSetDownlinkPerCC are used for multi-DCI based multi-TRP PUSCH operation as well as for multi-DCI based multi-TRP PDSCH operation

Based on the discussion so far, my understanding and questions are as below.
· There is still only one company (Apple) who believes Alt.1 is really needed and Alt.2 cannot work well. All other companies seem to consider Alt.2 can also work well.
· Some companies commented that the cross-carrier scheduling is not defined for multi-DCI yet. If so, as FG16-2a is reported per FSPC, the reported CC is scheduling/scheduled CC.
· For multi-DCI based multi-TRP PDSCH operation, there should be no problem/ambiguity on association between scheduling/scheduled CC. But for multi-DCI based multi-TRP PUSCH operation, there may be multiple ULCCs with different capabilities (as in Apple’s example) and UE may not support multi-DCI based multi-TRP PUSCH operation for one or some of the ULCCs.
· If above case (UE can support multi-DCI based multi-TRP PUSCH operation only on one or some of ULCC(s) exists, UE reporting about ULCC(s) associated with DLCC supporting FG16-2a may be necessary.
· Q1: Does above case really exist? Why the UE can support multi-DCI based multi-TRP PUSCH operation only on one or some of ULCC(s) in the band in the BC and cannot support it on other ULCC(s)?
· Q2: Is there any existing way to identify association between DLCC and ULCC at gNB based on UE’s per FSPC capability reporting? If not, is the issue only for multi-DCI based multi-TRP PUSCH operation?
· Q3: If Alt.1 is adopted, what is reported in FeatureSetUplinkPerCC since “component 1, 2, 3 and 4 are not needed in FeatureSetUplinkPerCC”? Just 1 bit to indicate the support of multi-DCI based multi-TRP PUSCH operation on the ULCC?

	Apple
	  Q1: Does above case really exist? Why the UE can support multi-DCI based multi-TRP PUSCH operation only on one or some of ULCC(s) in the band in the BC and cannot support it on other ULCC(s)?
[Apple] At least this is the assumption when we designed Multi-DCI Multi-TRP to be per FSPC. It was under heavy debate in Rel-16 and eventually companies agreed on per FSPC since UE is very likely to use CA architecture to support Multi-TRP. We would think this is a valid UE capability reporting, i.e., per band per BC, UE only supports Multi-DCI Multi-TRP PUSCH operation in a subset of the all ULCCs. Reopening the discussion, i.e., whether the report type should be per FSPC, may be too risky. It is very important from our product perspective.
  Q2: Is there any existing way to identify association between DLCC and ULCC at gNB based on UE’s per FSPC capability reporting? If not, is the issue only for multi-DCI based multi-TRP PUSCH operation?
[Apple] We are not aware of any way. It is very nature to report DL related capability in DL CC and UL related capability in UL CC. Alt 2 is not the typical solution in our view. We still do not fully understand why companies are so much objecting to Alt 1 which is nature and cleaner solution. 
  Q3: If Alt.1 is adopted, what is reported in FeatureSetUplinkPerCC since “component 1, 2, 3 and 4 are not needed in FeatureSetUplinkPerCC”? Just 1 bit to indicate the support of multi-DCI based multi-TRP PUSCH operation on the ULCC?
[Apple] This can be a compromise, i.e., 1 bit per UL FSPC, since companies do not want to report CORESET and # unicast PUSCH related capability in ULCC. 
We feel it is the right and clean way to handle this issue to address both infra-vendor and UE vendor concern. 

	Qualcomm (and response from Apple)
	[Qualcomm] In the example I mentioned earlier, the number of supported CORESETs are different in DLCC1 versus DLCC2. Hence, UL DCIs for an UL CC can be received in less or more CORESETs depending on the corresponding DL CC. That was the reason I asked whether association is needed in Alt1 or not. Based on your answer, is it correct understanding that supporting multi-DCI PUSCH operation on an ULCC is not a function of multi-DCI capability (e.g., number of CORESETs) of the corresponding DLCC?
[Apple] Our proposed UE FG has both CORESET and #unicast PUSCH per slot reporting in UL CC in our contribution. However, we anticipated that infra-vendor wouldn’t agree as usual, even though we believe our original proposal was a better way. When we agreed to drop CORESET related reporting in UL CC, it was not because we think it was the right thing to do, we essentially made two compromise 
· We need to support the worst case, i.e., the maximum CORESETs reported on the DLCC for Multi-DCI Multi-TRP PUSCH scheduling
· Multi-DCI Multi-TRP PDSCH is a pre-requisite of Multi-DCI Multi-TRP PUSCH
We compromise to the bare minimum, and just keep one bit to indicate whether we support Multi-DCI Multi-TRP PUSCH on a particular CC to respect the previous per FSPC report Type. Even with these two compromise, companies are still pushing for more. 

[Qualcomm] As a related but different question, without such association (or some sort of relationship) in Alt1, are the following valid capability / operation? 
· For a DL CC of a band of a band combination, multi-DCI based PDSCH is supported, but multi-DCI based PUSCH operation is not supported in any of the UL CCs of that band of that band combination.
· A generalization of the bullet above: In a band of a band combination, UE indicates support of multi-DCI based PDSCH for X DL CCs and indicates support of multi-DCI based PUSCH for Y UL CCs, where X is not equal to Y
· Case 1: X>Y
· Case 2: X<Y
To me, it seems that at least Case 2 should not happen. For Case 1, some clarifications may be also needed.
[Apple] Yes, it is valid. 
Just like normal CA reporting, the number of ULCC we support in a band can be different from the number of DL CC in a band in any combination. It is very normal and it is how commercial UE reports
In other words, we can report we only support DLCC in a band, or support less number of DLCC than ULCC in a band, or support larger number of DLCC than ULCC in a band, or only support ULCC in a band. Please see the quote from 38.331 below
The FeatureSetDownlinkId=0 is not used by an actual FeatureSetDownlink but means that the UE does not support a carrier in this band of a band combination.
The FeatureSetUplinkId =0 is not used by an actual FeatureSetUplink but means that the UE does not support a carrier in this band of a band combination.
We do not see any issue with that. The traffic in real deployment is typically asymmetric and typically DL centric, it is very practical and normal that UE supports less number of ULCC than DLCC. It can also be possible for UE to support more ULCC than DLCC if it is some special UE for UL centric traffic. 
[Qualcomm]
Thank you for the detailed responses, which is very helpful. In Case 2 (X<Y), I guess even though such UE capability can be considered to be valid, such operation (more UL CCs with mDCI PUSCH operation than DL CCs with mDCI PDSCH operation) is not possible to be configured with the existing framework.

	ZTE (and response from Apple)
	[ZTE] Thanks for the great discussion. However, I am still not convinced to introduce such new UE capability. 
Regarding Haitong 's question, How can gNB know “if the corresponding PDCCH is associated with a coresetPoolIndex ” in the above example. Is DLCC 1 associated with ULCC 1 or ULCC 2 or both?
My view is, PDCCH is always transmitted in a DL CC, of course gNB knows which DL CC is able to configured with coresetPoolIndex according FG 16-2a reporting. Without any extra UE capability, any UL CCs can be scheduled by PDCCH in the DL CC should be able to transmit PUSCH associated with coresetPoolIndex , i.e. mTRP PUSCH .  Actually, there is no difference between the mTRP PUSCH and sTRP PUSCH from UE perspective as the coresetPoolIndex is configured within each CORESET .  Consequently, the extra UE capability is not needed.  Please note that except ooo , all others are the same for PUSCH transmission compared with Rel-15 including aspects of SRS resource sets, power control, etc..
[Apple]
Thank you for your explanation. You are essentially saying two things 
· Multi-DCI Multi-TRP PDSCH is pre-requisite of Multi-DCI Multi-TRP PUSCH
· If UE supports a single CC in a band per BC Multi-DCI Multi-TRP PDSCH, UE has to support Multi-DCI Multi-TRP PUSCH in all the CCs in that band per BC. 
You are essentially mandating UE to support at least the same number of ULCC as or more ULCC than the number of DLCC in terms of Multi-DCI Multi-TRP operation, this is not reasonable. In the real deployment, UE does not support the same number of ULCC as DLCC 
There is no commitment from any infra-vendor or operator to deploy Multi-DCI Multi-TRP, the argument that if A believes something is easy, so B has to implement it while A != B is very unpleasant. 
Would you be able to accept the following proposal 
Per band per BC, if infra-vendor deploys Multi-DCI Multi-TRP PDSCH in any DL CC in that band per BC, infra-vendor has to deploy Multi-DCI Multi-TRP PUSCH in all the UL CCs in the same band per BC?
This case we make A=B.

	Apple (and response from ZTE)
	[Apple] Even though it is extremely unreasonable and non-technical after all those comments, but we can have the final compromise as proposed below 
· Adopt Alt 2, i.e., do not introduce Multi-DCI Multi-TRP PUSCH related capability in ULCC 
· Per band per BC, if UE supports Multi-DCI Multi-TRP PDSCH operation in at least one DLCC, UE shall support with Multi-DCI Multi-TRP PUSCH operation in all the reported ULCC(s) in the same band per BC 
· Endorse the following agreement 
· 
· Per band per BC, if infra-vendor deploys Multi-DCI Multi-TRP PDSCH in any DL CC in that band per BC, infra-vendor shall deploy Multi-DCI Multi-TRP PUSCH in all the UL CCs in the same band per BC.
Would Chuangxin and other companies agree to the above proposal. This is the most compromise we can have. We are very tired of hearing something like we believe it is easy, so you have to do it while we do not make any commitment. 
Enforcing UE to support Multi-DCI Multi-TRP on more ULCCs than DLCCs makes no sense in 3GPP, outside 3GPP or anywhere. It is completely opposite to the real deployment. 

[ZTE] Thanks for the further reply.  I am confused for your proposal to mandate infra vendor to deploy MTRP PUSCH in all UL CCs . Whether scheduling PUSCH in one CC is gNB's implementation. 
Could you please clarify what MTRP -PUSCH is? what does UE need to additionally do for MTRP PUSCH compared with STRP PUSCH ?  Again, I don't see any difference except for ooo .  
My understanding is: If MTRP PDSCH is supported in a DL CC in a band per BC, PUSCH in a UL CC (if the UL CC can be scheduled by PDCCH in the DL CC) can be associated with coresetPoolIndex .  
If we assume cross-CC scheduling is not defined for MTRP yet, the UL CC will be the same CC as the DL CC. 

BTW, I am surprised that you said all comments are extremely unreasonable and non-techinical.  Please note that all most all other companies do not think the new FG is needed. I think we should respect any discussion and any views which are different from yours. 
Further more, I don't think the proposal you make is a compromised one.  The following is my suggestion: 
 If MTRP PDSCH is supported in a DL CC in a band per BC, PUSCH in a UL CC (if the UL CC can be scheduled by PDCCH in the DL CC) can be associated with coresetPoolIndex. 

[Apple] So you mean UE needs to support mTRP PUSCH in all the ULCCs, but infra vendor does not deploy it? 
Maybe let me ask you question back 
However difficult it is for infra-vendor to deploy mTRP PUSCH  since it is just coresetPoolIndex. Why something you cannot commit on, you want to UE to commit on? 
If infra-vendor does not configure mTRP PUSCH on all ULCCs, why UE needs to support? 
Before you demand UE to support something, could you please first commit to deploy the same thing representing your company?! We are not coming to 3GPP to hear judgment from other companied whether something is easy for us for not, we know this much better. You can and you shall try to judge whether something is easy for your company or not and making committing representing your company based on your judgement. 
Let me repeat my yourself, your proposal does not work 
UE cannot report which DLCC can schedule ULCC, there is no such UE capability because infra-vendor does not allow it with the similar level of discussion. In other words, your proposal just means we have to support mTRP PUSCH in all the ULCCs.
That is why I am saying the comments are unreasonable and non-technical, because it is.
You need to explain to us for the following example 
· Which ULCC, UE needs to support mTRP PUSCH,  and why?
	BC1

	B1

	DLCC1
	DLCC2
	DLCC3
	DLCC4
	ULCC1
	ULCC2

	Support
	Not support 
	Not support
	Not support
	 4 Layer
100MHz
	 2 Layer
50MHz




	Huawei
	After reading all discussions, similar with Changxin’s question, what difference can be M-DCI PUSCH in Rel-16 versus S-DCI PUSCH in Rel-15? For the sake of discussion, we assume that OOO in Rel-16 is not supported. 

M-DCI PSDSCH will generate more HARQ for sure for PUSCH. Is there any other difference between  PUSCH in Rel-16 and PUSCH Rel-15 from UE perspective? FSPC for DL MTRP is to trade-off among DL CA and M-DCI DL PDSCH.  On the other hand, for UL MTRP in Rel-16, I don’t feel much difference from Rel15 UL, at least I don’t see much related spec changes. We need to be careful that any UE cap changes will likely trigger spec update next meeting otherwise new UE capability has no much meaning from RAN1 point of view. 

	Ericsson
	I share similar view as Min and Changxin.  Considering a basic case where a UE is configured with two CORESET pool indices in a single serving cell.  
In slot n1, the UE receives DCI1 scheduling PUSCH1 via a CORESET in CORESET Pool Index 0.  PUSCH1 is scheduled by a single DCI, so Rel-15 PUSCH capability should be sufficient here.
Then, in a different slot n2, the UE receives DCI2 scheduling PUSCH2 via a CORESET in CORESET Pool Index 1.  PUSCH2 is also scheduled by a single DCI, so Rel-15 PUSCH capability should be sufficient here also.
In Rel-16, PUSCH1 and PUSCH2 are not allowed to overlap in time.  They can only be TDMed and that restricted is captured in RAN1 specs.  The other aspect is OoO for which we have already specified a capability.
So, we think no new capability is needed here.

	Apple
	When UE uses CA architecture to support Multi-DCI Multi-TRP PDSCH, and UE does not support cross carrier scheduling which is the baseline, if UE wants to support Multi-DCI Multi-TRP PUSCH, UE needs to use two UL CC in Single-TRP to support Multi-TRP. 
This is the whole reason why we agreed on per FSPC for Multi-DCI Multi-TRP, it is the same issue for both DL and UL. Two CCs need to be combined to support Multi-TRP operation, the same for DL and the same for UL.
Therefore, it is different for UE to support Multi-TRP PUSCH on a ULCC of 100MHz/4 layers compared to on a ULCC of 50MHz/2 layers because it requires two ULCC of single-TRP 
Still, for the example in the table below for Alt 2, could you please explain which interpretation it is and how we clarify it in the FG if Alt 2 is adopted 
· Interpretation 1: UE supports Multi-TRP PUSCH only on ULCC1
· Interpretation 2: UE supports Multi-TRP PUSCH only on ULCC2
· Interpretation 3: UE supports Multi-TRP PUSCH on both ULCC1 and ULCC2, NW can configure whatever NW wants 
	BC1

	B1

	DLCC 1
	DLCC 2
	DLCC 3
	DLCC 4
	ULCC 1
	ULCC 2

	Support
	Not support 
	Not support
	Not support
	 4 Layer
100MHz
	 2 Layer
50MHz



In other words, how can UE report to the NW in the above example so that 
· UE supports Multi-TRP PUSCH only on ULCC2
· UE only supportsSingle-TRP PUSCH on ULCC1
· Since UE does not have another 100MHz 4 layers CC to support Multi-TRP PUSCH operation if some UE chooses to use some CA implementation 
Why we can not allow UE to report UL related UE capability in ULCC?

	Moderator (NTT DOCOMO)
	Thanks for the discussion!
As there seems no more comment/question on Apple’s explanation on the necessity of Alt.1, following is the updated FL proposal for final checking towards the final check point.
Updated FL proposal#1
· For the multi-DCI based multi-TRP PUSCH operation, following can be clarified
· The maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs
· RAN1 requests RAN2 to introduce the UE capability reporting of FG16-2a also in FeatureSetUplinkPerCC with following conditions
· The component 1, 2, 3 and 4 are not needed in FeatureSetUplinkPerCC, and 1 bit per UL FSPC is enough to indicate the support of the multi-DCI based multi-TRP PUSCH operation





Updated FL proposal #1
· For the multi-DCI based multi-TRP PUSCH operation, following can be clarified
· The maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs
· RAN1 requests RAN2 to introduce the UE capability reporting of FG16-2a also in FeatureSetUplinkPerCC with following conditions
· The component 1, 2, 3 and 4 are not needed in FeatureSetUplinkPerCC, and 1 bit per UL FSPC is enough to indicate the support of the multi-DCI based multi-TRP PUSCH operation
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0 for multi-DCI based multi-TRP PDSCH/PUSCH operation
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0 for multi-DCI based multi-TRP PDSCH/PUSCH operation
3. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
4. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot


	
	Yes
	N/A
	
	Per FSPC
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex

Component 1:  Candidate values {2,3,4,5} 
Note: 1.	If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3} 
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15

For the multi-DCI based multi-TRP PUSCH operation, the maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs.

RAN1 requests RAN2 to introduce the UE capability reporting of FG16-2a also in FeatureSetUplinkPerCC with following conditions
· The component 1, 2, 3 and 4 are not needed in FeatureSetUplinkPerCC, and 1 bit per UL FSPC is enough to indicate the support of the multi-DCI based multi-TRP PUSCH operation
	Optional with capability signaling



Companies are encouraged to check above updated FL proposal and to provide feedback if there is a concern in below. 
	Company
	Comment

	ZTE
	Don’t agree the proposal.  I thought the discussion was clearly enough, no need to repeat the same issue again. We don’t think the consensus can be achieved.  
To Apple’s last comment, CA structure was discussed in the middle of Rel-16 in RAN2, however, it is not supported eventually. Based on the current specification, two TRPs belong to the same serving cell, i.e. the same carrier rather than two carrier. Hence, I would say the baseline used by Apple below is not aligned with Rel-16 design. Again, as I mentioned before, if UE does not support cross carrier scheduling, only UL CC1 will be used for MTRP PUSCH transmission (assume DL CC1 supports MDCI based MTRP, and DL CC1 and UL CC1 are the same CC). The UE behaviour is still the same as Rel-15. 
“When UE uses CA architecture to support Multi-DCI Multi-TRP PDSCH, and UE does not support cross carrier scheduling which is the baseline”

	Apple
	In real life, for most of the things I encounter, doing or not doing something should be based on consent. I do not think anyone in real life would like someone else to stuff something into their throat even after they explain the difficulty.
For the Multi-DCI Multi-TRP PUSCH, we raised the issue, it is very nature to allow UE to report UL related capability in ULCC.
We also explained the difficulty and the reason why we need UL capability to be reported in ULCC 
Now technically, the explanation from ZTE still makes no sense
1. There is no association between DLCC and ULCC. In my figure, I use DLCC1/2, ULCC1/2. But if you just take a look at the specification, there is no such thing as ULCC1 or ULCC2. 
0. As we explained in the first stage, we then need association between DLCC or ULCC, whether it is based on the Feature Set per CC index, or based on the order they are reported, or something else 
0. The proponent of Alt 2 does not eve have a complete TP and the UE capability cannot even be reported 
1.  There is no need for standard to agree on any UE implementation like CA, I do not understand how can a delegate make such a non-technical comment
1. We do not even need to reveal how we implement Multi-DCI Multi-TRP, it is merely a courtesy since someone just wanted to be the judge and feel they have the power to judge how others implement some feature. 
Now, we UE vendor requests a feature, I hope 3GPP policy is not that unreasonable so that if infra-vendor doesn’t agree, we are mandated to support it. In our view, if UE explained the difficulty and companies do not want to introduce UE capability, it just means the UE feature is not even fully supported by the 3GPP. But I guess this is probably a plenary discussion. 
We strongly feel that some infra-vendors are beyond being unreasonable since all those UE features are not essential and there is even no strong deployment interest as of now. Again, in real life, I do not think there is someone hold such ab abusive power against us or our companies. It is not even good for NR since the capability is not defined and it puts more hurdle if someone else wants to deploy Multi-DCI Multi-TRP 

	ZTE
	Thanks for the further reply. I thought all my reply is technical discussion, nothing more that. Hopefully, we can understand different views from different companies. 
Based on your explanation, Yes, I understand the issue better, there is no UE capability to assoicate  DL CCs and UL CCs . However, my view (also shared by Huawei and Ericsson ) is no new UE complexity caused by MTRP PUSCH , all UE behavior is very close to Rel-15 including different number of max UL MIMO layers, different max BW  as you mentioned.  CA structure is more useful when we consider out-of-order between PDCCH and PUSCH which is another FG . Unfortunately, this FG is defined per band. I guess this is the main concern from Apple.  If we don't consider out-of-order, single-TRP liked PUSCH is sufficient from my view. 
Anyway, lets assume we agree your latest proposal,  what if UE doesn't  support MTRP PUSCH in all UL CCs ? How can MTRP HARQ -ACK be reported when PUCCH and PUSCH collide (in the legacy spec, HARQ -ACK will be piggyback on PUSCH ) .  As long as the issue can be addressed, I would be fine. If we finally decide to introduce a new FG for UL, I prefer to make it for Rel-17, but lets hear more companies' views.

	Huawei
	For the sake of discussion, we assume that a UE has to compromise UL CA for M-DCI PUSCH at whilst support M-DCI PDSCH for a given UE, 
1. In Rel-15 UL CA, as far as I know, there is no direct linkage in UE capability reporting for DL CC + UL CC. NW can configure any DL CC + any UL CC in a cell as long as RAN4 supports such a combination. 
1. Now assuming in Rel-16, a given combination of DL CC and UL CC does not work for some UE implementations if supporting M-DCI PDSCH, so that we are discussing DL and UL separated UE capability with 1 bit per FSPC to enable/disable M-DCI PUSCH:
1. My general thought is that to support restrictions, RAN1 spec needs to restrict potential CORESETPoolIndex to be used for scheduling PUSCH, i.e. with only CORESETPoolindex=0 to disable the functionality of M-DCI for PUSCH. In simple words, spec needs to capture the consequence of disabling M-DCI based PUSCH. 
1. Additional spec maintenance/check is required to ensure rules of  HARQ and default working properly, for example out-of-order between PDCCH and PUSCH is not needed certainly. Other changes may be required, but we need time to go through spec again. 
1. Another possible compromise is to update FG 16-2a-3 OOO PDCCH to PUSCH as FSPC (not sure how). But at least this can mitigate changes/effort of RAN1 spec maintenance. If the NW cannot OOO PDCCH to PUSCH at given UL CC, it can be closer to Rel-15 single TRP based UL scheduling in order since two CORESETPoolIndex works together as single, from UL perspective. 

	Apple
	Q1:  What if UE does not support mDCI mTRP PUSCH in a ULCC
In our view, there are two solutions, we are fine with either one
1. Simple one, UE can only be scheduled by DL cell that is not configured with two coresetPoolIndex. This is by default the understanding of UE capability. 
1. Or the one proposed by Min, i.e., it can also be scheduled from coresetPoolIndex = 0 if scheduling DL cell is configured with two coresetPoolIndex which probably can be captured in 38.306 and be part of the LS to RAN2
In our view, this also addresses the question from Chuangxin regarding UCI multiplexing. 
We do not have UCI multiplexing enhancement in Rel-16 regarding mDCI mTRP operation, therefore, strictly speaking, it always work since UE does not check coresetPoolIndex during UCI multiplexing either between PUCCH, or PUCCH/PUSCH. Hope this can address Chuangxin concern. 

Q2: Whether it should be Rel-16 or Rel-17 feature 
We prefer this to be Rel-16 feature. 
If it is specified as Rel-17 feature, we need to discuss the expected Rel-16 UE capability regarding mDCI mTRP PUSCH. We need to consider two things 
1. UE is required to report its release. So it pretty much means we push Multi-DCI Multi-TRP to be a Rel-17 feature since only Rel-17 UE can report the fully capability 
1. UE cannot be mandated to support something more in Rel-16, compared to Rel-17 (fro example, in Rel-17, if we can report we do not support mDCI mTRP on some CC, we cannot be forced to support it as Rel-16). Therefore, one way to interpret Rel-16 UE is that UE does not support mDCI mTRP PUSCH operation at all which is very unfortunate. 
We raised this issue because we think it is for Rel-16 UE.

	Ericsson
	Sorry for responding a bit late.  We have had many rounds of discussion for this proposal, and I see the arguments are getting a bit repetitive.  Also, it is preferable to keep the discussion technical J.

In 38.214, the current UE procedure for multi-DCI based PUSCH transmission is captured as follows:

“If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, for any two HARQ process IDs  in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH associated with a value of coresetPoolIndex ending in symbol i, the UE can be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH associated with a different value of coresetPoolIndex that ends later than symbol i.”

From seeing some of the proposals below, it seems scheduling restrictions will have to be implemented in to 38.214 and the above text has to be changed.  I haven’t fully analyzed the scheduling restrictions that need to be added to 38.213 and/or 38.212.  So this is not only about adding a UE feature, and we will have to discuss a lot of changes to RAN1 specs if we move in this direction.    Given such changes will be non-backward compatible and it impacts gNB implementation as well, we prefer not to introduce such non-backward compatible changes to Rel-16 specs.  I understand this may not be the preferred outcome for the proponent(s).  But this is just our company view. 

	Apple
	We are curious to know which change you are referring to.  The sentences you quoted is for OOO PUSCH scheduling which is anyway an UE optional feature. In other words, if UE does not support OOO PUSCH, the whole sentence you quoted is not relevant. 
In fact Multi-DCI Multi-TRP PUSCH or PDSCH itself is optional which is why the sentence you highlight starts with “if”.

Would you be okay we clarify 

1. For a DL CC or a UL CC, If UE does not support Multi-DCI Multi-TRP operation, UE can only be scheduled by DL cell that is not configured with two coresetPoolIndex. 

This clearly needs no specification change, otherwise, the existing Multi-DCI Multi-TRP PDSCH UE feature does not work. It is simply the default understanding of the outcome if UE does not support Multi-DCI Multi-TRP operation, irrespective of PUSCH or PDSCH.

	Ericsson
	I went through these long discussions one more time.  We have the following comments:

1. Regarding the comment “This is the whole reason why we agreed on per FSPC for Multi-DCI Multi-TRP, it is the same issue for both DL and UL. Two CCs need to be combined to support Multi-TRP operation, the same for DL and the same for UL”.  In Rel-16, the multi-DCI multi-TRP operation in downlink can support simultaneous reception of PDSCH from the two TRPs in the same time-domain symbols.  In UL operation it is not the same.  In UL, the two PUSCHs have to be TDMed and for the basic multi-DCI multi-TRP operation, the two PUSCHs have to follow in-order rules.  That’s why some companies commented that the UL PUSCH scheduling is similar to rel-15 PUSCH.  That is the exact same reason back in Rel-16 UE feature discussions almost 2 years ago, no capability was introduced for multi-DCI multi-TRP PUSCH as such (except for the OOO UE capability).  I share the view with Min and Chuangxin that Rel-15 PUSCH capability is enough and I don’t see the need to introduce this 1 bit per UL FSPC capability in the moderator proposal.
1. A more serious aspect is that the proposed change is non-backward compatible.  If we are going to introduce the 1 bit per UL FSPC, then this requires a different network implementation from the currently agreed Rel-16 16-2a feature.  My understanding of the current baseline feature for multi-DCI operation is that the UE can report capability 16-2a per DL CC.  And the network can configure a DL CC with another UL CC in a serving cell.  As long as that UL CC supports Rel-15 PUSCH feature(s), then multi-DCI UL operation should work (since it is TDM).  If this 1 bit per UL FSPC, then the network implementation would have to be changed also which is not desirable.
In short, our two concerns are that (1) the change is non-backward compatible for the baseline multi-DCI feature agreed in Rel-16, and (2) we don’t see why UL operation for multi-DCI needs a different capability (Rel-15 UL capability should be sufficient).  So, our concerns remain on introducing this 1 bit per UL FSPC feature.

	Moderator (NTT DOCOMO)
	Thank you very much for your further feedback based on careful checking/consideration!
I understand your concern, especially regarding NBC change.
Existing Rel-16 gNB interprets the support of FG16-2a as you described, i.e., the UE indicating FG16-2a is capable of multi-DCI multi-TRP PUSCH on any ULCC (except for the OOO as separate UE capability), since there is no capability. So if the UE is not capable of multi-DCI multi-TRP PUSCH on any one of ULCC (if such case exists), UE cannot indicate the support of FG16-2a.
If the proposed new capability is introduced, new Rel-16 gNB is necessary so that the gNB can understand on which ULCC the UE is capable of multi-DCI multi-TRP PUSCH when the UE indicates FG16-2a. Above existing Rel-16 gNB would misunderstand the FG16-2a as the UE is capable of multi-DCI multi-TRP PUSCH on any ULCC since the UE indicates FG16-2a in DL FSPC and the gNB cannot understand FG16-2a in UL FSPC.

Although we could have good discussion, unfortunately we should stop the discussion on this issue considering remaining concerns and limited time towards end of the meeting.
There is no consensus to introduce the proposed 1 bit UL FSPC of FG16-2a in Rel-16, and in my understanding, the current specification works as explained above (i.e., to indicate the support of FG16-2a, UE has to be capable of multi-DCI multi-TRP PUSCH on any ULCC, and it is anyway optional capability for UE).

Then, the updated FL proposal is to focus on following clarification. The draft FL summary will also be updated accordingly.
Updated FL proposal#1
· For the multi-DCI based multi-TRP PUSCH operation, following can be clarified
· The maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs




Updated FL proposal #1
· For the multi-DCI based multi-TRP PUSCH operation, following can be clarified
· The maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0 for multi-DCI based multi-TRP PDSCH/PUSCH operation
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0 for multi-DCI based multi-TRP PDSCH/PUSCH operation
3. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
4. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot


	
	Yes
	N/A
	
	Per FSPC
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex

Component 1:  Candidate values {2,3,4,5} 
Note: 1.	If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3} 
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15

For the multi-DCI based multi-TRP PUSCH operation, the maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs.
	Optional with capability signaling



Companies are encouraged to check above updated FL proposal and to provide feedback if there is a concern in below. 
	Company
	Comment

	
	

	
	

	
	





3. Conclusion
Based on the email discussion, following agreement was made

FL proposal #1
1. For the multi-DCI based multi-TRP PUSCH operation, following can be clarified
15. The maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0 for multi-DCI based multi-TRP PDSCH/PUSCH operation
1. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0 for multi-DCI based multi-TRP PDSCH/PUSCH operation
1. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
1. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot


	
	Yes
	N/A
	
	Per FSPC
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex

Component 1:  Candidate values {2,3,4,5} 
Note: 1.     If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3} 
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15

For the multi-DCI based multi-TRP PUSCH operation, the maximum number of unicast PUSCHs that UE can support per slot is based on Rel-15 FG5-12/12a/12b, and it is counted across both CORESETPoolIndex of TRPs.
	Optional with capability signaling





Reference
[1]	R1-2201462	Correction on UE feature list for NR positioning and eMIMO	NTT DOCOMO, INC.
[2]	R1-2201757	Rel-16 UE feature remaining issue	Apple
[3]	R1-2202084	On UE capability of maximum number of layers for multi-TRP	MediaTek Inc.
[4]	R1-2202180	Rel-16 UL MIMO coherence capability	Qualcomm Incorporated
- 16/16 -
image1.png
FeatureSetDownlinkPercC-v1620 SEQUENCE {
-- RL 16-2a: Mulit-DCT based multi-TRE
multiDCI-MultiTRE-r16 MultiDCI-MultiTRE-r16
-— RL 16-2b-3: Support of single-DCI based FDMSchemeB

SupportFIM-SchemeB-rl6 ENUMERATED {supported}
}

MultiDCI-MultiTRP-rl6
‘maxiNumberCORESET-r1€ ENUMERATED {n2, n3, n4, nS},

maxNumberCORESETPerBoolindex-rlé  INTEGER (1..3),

maxNumberUnicastPDSCH-PerPool-rl6  ENUMERATED {nl, n2,

SEQUENCE {

n3, n4, a7}




