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1 Introduction

This document presents the summary of email approval [100b-e-NR-UEFeatures-eMIMO-02]  during RAN1 #100bis-e. According to the Chairman’s Notes:

	[100b-e-NR-UEFeatures-eMIMO-02] Email discussion/approval till 4/24 – Ralf (ATT), (16-2 family)

· Decide how many new FGs to add as a result of separating basic from optional components in 16-2a “Multi-DCI based multi-TRP”

· Decide how many new FGs to add as a result of separating basic from optional components in 16-2b “Single-DCI based multi-TRP”


The following was discussed and agreed during RAN1 #100bis-e within the scope of [100b-e-NR-UEFeatures-eMIMO-02]  “Email discussion/approval” [1].

The following will be removed from the final document, however, in the meantime, please take note of this guidance of the RAN1 MCC technical officer:

	W.r.t the naming convention, the following suggestion […] may be helpful to keep the previous company’s name (only the most recent one) in the filename, so that we can easily tell which previous version this is based on, and may solve the issue when there are crossing emails.
e.g. something like the following:

5_Incoming_Liaison_Statements/Summary-1_v1-LG

5_Incoming_Liaison_Statements/Summary-1_v2-LG-CATT

5_Incoming_Liaison_Statements/Summary-1_v2-LG-vivo

5_Incoming_Liaison_Statements/Summary-1_v3-CATT-HWHiSi


2 Summary of Email Approval [100b-e-NR-UEFeatures-eMIMO-02] 

The following is the proposal in [1] for discussion in this email approval:

FL Proposal 2: (16-2 family)

· Decide how many new FGs to add as a result of separating basic from optional components in 16-2a “Multi-DCI based multi-TRP”

· Decide how many new FGs to add as a result of separating basic from optional components in 16-2b “Single-DCI based multi-TRP”

2.1 Multi-DCI based multi-TRP

The following are the alternatives in [1] for discussion in this email approval:

Alt. 1:

	16-2a
	Multi-DCI based multi-TRP
	Basic components:

1. The maximum number of CORESETs configured per “PDCCH-Config” (other than CORESET 0)
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config” (other than CORESET 0)
3. The value of R=[1,2] for BD/CCE

4. Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)

5. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
6. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
7. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
8. FFS: The maximum number of activated TCI states
9. FFS: The maximum number of MIMO layers of scheduled PDSCHs
10. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP
Optional components:

1. Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex

2. FFS: Support of two PDSCH scrambling sequences per serving cell

3. Support of default QCL assumption per CORESETPoolIndex

4. Support of separate HARQ-ACK

5. Support of joint HARQ-ACK

6. Support of two TDMed long PUCCHs in a slot
	TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-2
	Different PDSCH scrambling per TRP
	FFS: Support of two PDSCH scrambling sequences per serving cell

	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-3
	Default QCL enhancement fr multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex


	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-4
	HARQ-ACK for multi-DCI based multi-TRP
	1. Support of separate HARQ-ACK
2. Support of joint HARQ-ACK
3.  Support of two TDMed long PUCCHs in a slot (two TDMed long PUCCHs within a slot, TDMed short PUCCH and long PUCCH within a slot, TDMed short PUCCH and short PUCCH within a slot)

	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD


Alt. 2:

	16-2a
	Multi-DCI based multi-TRP
	Basic components:

1. The maximum number of CORESETs configured per “PDCCH-Config” (other than CORESET 0)
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config” (other than CORESET 0)
3. The value of R=[1,2] for BD/CCE

4. Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)

5. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
6. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
7. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
8. FFS: The maximum number of activated TCI states
9. FFS: The maximum number of MIMO layers of scheduled PDSCHs
10. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP
11. Support of two PDSCH scrambling sequences per serving cell
12.  Support of separate HARQ-ACK
Optional components:

1. Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex

2. FFS: Support of two PDSCH scrambling sequences per serving cell

3. Support of default QCL assumption per CORESETPoolIndex

4. Support of separate HARQ-ACK

5. Support of joint HARQ-ACK

6. Support of two TDMed long PUCCHs in a slot
	TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-3
	Default QCL enhancement fr multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex


	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-4
	Joint HARQ-ACK for multi-DCI based multi-TRP
	Support of joint HARQ-ACK

	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-5
	Two TDMed long PUCCHs in a slot
	Support of two TDMed long PUCCHs in a slot (two TDMed long PUCCHs within a slot, TDMed short PUCCH and long PUCCH within a slot, TDMed short PUCCH and short PUCCH within a slot)
	16-2a
	
	
	
	
	
	
	
	
	


Alt. 3:

	16-2a
	Multi-DCI based multi-TRP
	Basic components:

1. The maximum number of CORESETs configured per “PDCCH-Config” (other than CORESET 0)
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config” (other than CORESET 0)
3. The value of R=[1,2] for BD/CCE

4. Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)

5. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
6. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
7. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
8. FFS: The maximum number of activated TCI states
9. FFS: The maximum number of MIMO layers of scheduled PDSCHs
10. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP
11. Indication of supporting type(s) of separate/joint HARQ-ACK (candidate values {separate, joint, both})

12. Support of default QCL assumption per CORESETPoolIndex

13. PDSCH processing capability for a CC configured with multi-DCI

14. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot

Optional components:

1. Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex

2. FFS: Support of two PDSCH scrambling sequences per serving cell

3. Support of default QCL assumption per CORESETPoolIndex

4. Support of separate HARQ-ACK

5. Support of joint HARQ-ACK

6. Support of two TDMed long PUCCHs in a slot
	TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	Component 1 candidate values: {2, 3, 4}

Component 2 candidate values: {1, 2}

Component 3 candidate values: {1, 2}

Component 13 candidate values: {Capability 1, Capability 2 with scheduling limitation, Capability 2}

Component 14 candidate values: {1, 2, 4, 7}
	TBD

	16-2a-2
	Different PDSCH scrambling per TRP
	FFS: Support of two PDSCH scrambling sequences per serving cell

	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-3
	Out-of-order operation for PDCCH to PDSCH
	Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-4
	Out-of-order operation for PDSCH to HARQ-ACK
	Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-5
	Out-of-order operation for PDCCH to PUSCH
	Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-6
	Simultaneous reception for PDCCH/PDSCH
	Support of simultaneous reception for PDCCH/PDSCH associated with two QCL-Type-D RSs
	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD

	16-2a-7
	PDSCHs overlapping types
	Indication of supported “PDSCHs overlapping types”, with bitmap signalling for {fully, partial, non-overlapped TDM, non-overlapped FDM}.”
	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD


Alt. 4:

	16-2a
	Multi-DCI based multi-TRP
	Basic components:

1. The maximum number of CORESETs configured per “PDCCH-Config” (other than CORESET 0)
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config” (other than CORESET 0)
3. The value of R=[1,2] for BD/CCE

4. Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)

5. PDSCH processing capability for a CC configured with multi-DCI

6. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot

7. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
8. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
9. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
10. FFS: The maximum number of activated TCI states
11. FFS: The maximum number of MIMO layers of scheduled PDSCHs
12. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP
Optional components:

7. Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex

8. FFS: Support of two PDSCH scrambling sequences per serving cell

9. Support of default QCL assumption per CORESETPoolIndex

10. Support of separate HARQ-ACK

11. Support of joint HARQ-ACK

Support of two TDMed long PUCCHs in a slot
	TBD
	
	N/A
	
	per FSPC
	N
	TBD
	
	Component 1 candidate values: {2, 3, 4}

Component 2 candidate values: {1, 2}

Component 3 candidate values: {1, 2}

Component 4 candidate values: {Capability 1, Capability 2 with scheduling limitation, Capability 2}

Component 5 candidate values: {1, 2, 4, 7}


	TBD

	16-2a-1
	Out-of-order for multi-DCI based multi-TRP
	1. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
2. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
3. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
	16-2a
	
	
	
	Per UE
	
	
	
	
	

	16-2a-2
	Maximum number of active TCI states for multi-DCI based multi-TRP
	1. Maximum number of active TCI states per BWP per CC per value of CORESETPoolIndex (including both data and control)
2. Support 16 active TCI states per BWP per CC, including control and data
	16-2a
	
	
	
	Per band
	
	
	
	Component 1 candidate values: {1, 2, 4, 8}


	

	16-2a-3
	CRS rate matching for multi-DCI based multi-TRP
	Support of rate match around configured CRS patterns which is associated with CORESETPoolIndex and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
	16-2a
	
	
	
	Per UE
	
	
	
	
	

	16-2a-4
	Multi-beam for multi-DCI based multi-TRP
	Indicates whether UE supports receiving time-overlapping PDSCHs/PDCCHs with different beams


	16-2a
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	16-2a-5
	Two default beams for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex
	16-2a, 16-2a-5
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	16-2a-6
	Feedback for multi-DCI based multi-TRP
	1. Support of separate HARQ-ACK
2. Support of joint HARQ-ACK
3. Support of two TDMed long PUCCHs in a slot

	16-2a
	
	
	
	Per UE
	
	
	
	
	

	16-2a-7
	PDSCH scrambling for multi-DCI based multi-TRP
	FFS: Support of two PDSCH scrambling sequence per serving cell
	16-2a
	
	
	
	Per UE
	
	
	
	
	


Note there were different options for “separate CRS rate matching” in [1], however, both require one row/FG. 

Alt. 1:

	16-2a-1
	Separate CRS rate matching 
	Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex


	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD


Alt. 2:

	16-2a-1
	Separate CRS rate matching 
	Support of CRS rate matching for Multi-DCI based Multi-TRP operation. “Joint” is mandatory for UE that supports Multi-DCI based Multi-TRP CRS rate matching, but “Separate” is optional 

· Joint: UE rate match around the union of CRS from both TRPs 

· Separate: UE rate match around configured CRS patterns which is associated with CORESETPoolIndex (if not configured, CORESETPoolIndex=0) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
	16-2a, TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD


According to the feedback in [1], two companies preferred Alt. 2, four companies Alt. 2, two companies Alt. 3, and  four companies Alt. 4. Since both Alt. 1 and Alt. 2 require four rows/FGs, half the companies think four FGs are enough for multi-DCI based multi-TRP. However, there is much difference in the details between Alt. 1 and Alt. 2. Alt. 3 and Alt. 4 have in common that basic components {6,7,8} are removed as basic and become three (Alt. 3) or one (Alt. 4) new row/FG.

How many rows/FGs are needed for out-of-order for multi-DCI based multi-TRP? None (basic), one or three? 

	Company
	Comments/Questions/Suggestions

	Apple
	We prefer to have 3 FG, one for each OOO type, i.e. PUSCH/PDSCH/HARQ-ACK

	MediaTek
	We can decide how many FGs are needed later after the basic/optional components are clear. (e.g., the OOO ones.)

	QC
	We are fine with one row. We are also fine with 3 rows. 

	ZTE
	We still think out-of-order operation for PDCCH to PDSCH should be basic component. Otherwise, only TDMed PDSCH from two TRPs can be supported as the basic functionality. In this case, there is no any performance gain.  The same view as out-of-order operation for PDSCH to HARQ-ACK.  

One compromise solution is to introduce one new FG for out-of-order operation for PDCCH to PUCCH. And out-of-order operation for PDCCH to PDSCH, and out-of-order operation for PDSCH to HARQ-ACK are the basic component of 16-2a.

	OPPO
	We support to have 3 FGs for OOO. At least PDSCH/HARQ-ACK and PUSCH should be separate FGs, and neither should be basic components based on the RAN1 agreement. 

	Ericsson
	We think out-of-order operation for PDCCH to PDSCH is needed in order support fully/partially time frequency overlapped PDSCHs (i.e., without component 5, component 4 is not possible – we provide some explanation on this further below).  So components 4 and 5 are coupled and it is better to keep them together in one FG.
But we are open to discuss if component 6 (Support of out-of-order operation for PDSCH to HARQ-ACK) and component 7 (Support of out-of-order operation for PDCCH to PUSCH) are part of a separate feature group.

	Intel
	One or three – in our view all the three components impact at least buffering capabilities in a UE (compared to in-order operation). If such OOO operation is required for real-world deployments, it will naturally be implemented. 

	Nokia, NSB
	Not more than 1 FG. 


This is one of the most unstable sections of the eMIMO NR UE feature list. Please make constructive comments or suggestions how to finalize the number of rows/FGs for muti-DCI based multi-TRP.

	Company
	Comments/Questions/Suggestions

	Apple
	We are flexible as long as it provides UE with flexible capability signalling. In addition to the basic feature group, we prefer additional FG(s) to cover the following 

1. Different PDSCH scrambling per TRP

2. Out-of-order operation for PDCCH to PDSCH

3. Out-of-order operation for PDSCH to HARQ-ACK

4. Out-of-order operation for PDCCH to PUSCH

5. Simultaneous reception for PDCCH/PDSCH

6. CRS rate matching

7. HARQ-ACK feedback mode 

A. Inter-slot, Intra-slot separate, joint 

B. Intra-slot separate (1) Long + Long (2) Long + Short (3) Short + Short (Rel-15 does not support 2 HARQ-ACK PUCCH in a slot)

8. PDSCHs overlapping types

9. Support of default QCL assumption per CORESETPoolIndex

10. The maximum number of CCs with Multi-DCI MTRP operation. Further discussion is need to consider the joint configuration of the number of CCs with single TRP 

11. Support of common closed-loop power control process for PUCCH/PUSCH associated with different CORESETPoolIndex

	MediaTek
	We suggest to clarify RAN1’s understanding on scenarios supporting M-DCI operation to facilitate discussion.

· Can we support M-DCI operation if a UE supports only one Rx beam?

· Can we support M-DCI operation in ideal backhaul case? 

· Can we support M-DCI operation with only non-overlapping PDSCHs (i.e., no full/partial overlapping)?

If all answers are YES, we think optional capability signaling for OOO, overlapping type, and simultaneous reception for PDCCH/PDSCH (i.e., 2, 3, 4, 5, 8 in Apple’s summary and they probably the most controversial ones) are all necessary.

	QC
	We have the following comments/suggestions:

· We can start with Alt4 given that more companies support that and also given the fact that FG 16-2a in Alt2 clearly needs to be split in to multiple rows (something that Alt4 does already).

· If we agree that FG 16-2a is “per FSPC”, then there will be more clarity on what else is needed from UE complexity point of view (e.g. number 10 in Apple’s summary)

· We do not have a strong view about the need for “PDSCH overlapping types”, e.g., full/partial/non-overlapping in time/freq as long as support of two simultaneous beams in FR2 (e.g. FG 16-2a-4 in Alt4) is an optional feature. 

· We support comment 11 in Apple’s list above, and our answer to the two questions asked by MTK is yes for the first two questions, and yes for FR2 for the last question.



	
	

	
	


The following highlighted parts were briefly discussed during the first RAN1 #100bis-e eMIMO conference call on Monday, April 20, 2020.

	Multi-DCI based multi-TRP
	Basic components:

1. The maximum number of CORESETs configured per “PDCCH-Config”

2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”

3. The value of R=[1,2] for BD/CCE

4. Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain) (requires 5/6/7 to schedule) 
5. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
6. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
7. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
8. FFS: The maximum number of activated TCI states
9. FFS: The maximum number of MIMO layers of scheduled PDSCHs
10. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP
Optional components:

1. Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex

2. FFS: Support of two PDSCH scrambling sequences per serving cell

3. Support of default QCL assumption per CORESETPoolIndex

4. Support of separate HARQ-ACK

5. Support of joint HARQ-ACK

6. Support of two TDMed long PUCCHs in a slot


	TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	
	TBD


Some companies argued that it was already agreed to make out-of-order operation optional. However, other companies argued that components #5, #6, #7 above cannot be considered in isolation since component #4 requires them as prerequisite. It is suggested to focus on this issue as well as it seems highly controversial.  Please comment on the relationship between component #4 with components #5, #6, #7 and how to move forward respecting past agreements. For now, please do not focus on whether one or three (or N) new FGs are required for out-of-order operation. Let us first decide whether out-of-order operation is a basic feature as proposed by some and if not how to address basic component #4. Once we conclude on that, we can discuss the number of separate new FGs for out-of-order operation, if any. There seems to be at least some degree of flexibility among those companies that prefer out-of-order operation to be optional and not a basic feature.  

	Company
	Comments/Questions/Suggestions

	Apple
	There is no agreement that UE has to support overlapping PDSCH if UE supports Multi-DCI based Multi-TRP

However, there is explicit agreement that OOO PDSCH/PUSCH/HARQ-ACK is optional for UE that supports Multi-DCI based Multi-TRP.

We do not prefer the excuse to revert agreement especially when we already clarified this issue during the MTRP online discussion in front of Chairman Younsun

The proposal is also made up without careful thinking, why overlapping PDSCH has anything to do with OOO PUSCH or even OOO PDSCH?

Also if you check the 214 description of OOO PDSCH, it allows even non-overlapping PDSCH OOO, i.e. complete OOO. It simply makes no sense to completely tight the support of overlapping PDSCH to the support of OOO PDSCH. 

	vivo
	We support to put Component 4 together with Component 5/6/7 as a new optional component. 
Overlapping PDSCH should be optional for multi-DCI multi-TRP operation since for FR2 this capability needs UE support of group based report and may also be dependent on per CORESET default beam, which are all optional.

	MediaTek
	OOO had been agreed to be optional. M-DCI still can work without allowing OOO across TRPs by semi-static scheduling restriction or in ideal backhaul scenarios. 

Similarly, supporting of overlapping PDSCHs is not a must-have for M-DCI operation. 

Component #4 should be decoupled with components #5, #6, #7. 

At least one FG is needed for the three OOO functions.

	Huawei
	We are flexible about how to split FGs as long as definition/signaling design are relatively clean. We shall not spend too much time to debate the categorization of basic/optional component. 

One possible compromise is that if companies have concerns, we can include “Not support” as candidate values to turn that component off, even within the basic FG. Basic FG, in our understanding, is that the UE will report a bit to support FG if a UE can support M-DCI. But it seems that the UE may not require to support every component in that FG, which is subject to further reported value for that component. 

Therefore to start from somewhere, we can start from Alt 1 or Alt 2 (which are relatively close to original one), or an alternative suggested by FL.  If there is concern for an individual component, we can put FFS as blue parts to be discussed further, with regarding to its placement in existing FG or in a new FG. We have less concern about the number of FGs at this stage. 

	QC
	We think 4-7 should not be part of 16-2a. First, OoO (5-7) can be a separate row as in Alt4, which is already agreed to be optional. Second, at least for FR2, supporting two simultaneous beams (two time-overlapping PDSCHs with different beams) should be a separate capability. It has some relation with per CORESET default beam as vivo also pointed out. For the case of overlapping type for FR1, we are flexible in terms of making it optional or mandatory for a UE supporting multi-DCI. 

We would also like to mention that “not supporting two simultaneous beams” does not mean “not supporting two overlapping PDSCHs with the same beam” in FR2. That’s why we prefer to separate the discussions related to simultaneous beams in FR2 (different QCL Type-D properties) vs discussions related to pure overlapping (applicable to both FR1 and FR2)

	ZTE
	If out-of-order operation for PDCCH to PDSCH and for PDSCH to HARQ-ACK is not supported by UE, the whole MDCI feature will not introduce performance improvement compared with single TRP transmission. Then, our compromised suggestion is 
Basic components for 16-2a:

1. The maximum number of CORESETs configured per “PDCCH-Config” 
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”

3. The value of R=[1,2] for BD/CCE

4. Support of fully/partially/non time/frequency overlapped PDSCH reception (candidates include non, fully, and partial overlapping)

5. Support of out-of-order operation for PDCCH to PDSCH

6. Support of out-of-order operation for PDSCH to HARQ-ACK

New FGs: 
7. Support of out-of-order operation for PDCCH to PUSCH 

8. HARQ-ACK feedback mode 
9. Different PDSCH scrambling per TRP

10. Simultaneous reception for PDCCH/PDSCH in FR2
11. CRS rate matching

12. Support of default QCL assumption per CORESETPoolIndex
13. Support of common closed-loop power control process for PUCCH/PUSCH associated with different CORESETPoolIndex

	LG
	We respect the agreement that OoO (5-7) is optional for flexible UE implementation. Regarding per CORESET default beam mentioned by VIVO and QC, in my understanding, even if UE supports 4,5,6 and 7, it is possible that the UE does not support two default beams. For example, UE supporting overlapped PDSCHs with different QCL D can use single default beam for power saving purpose. In this case, UE can receive two overlapped PDSCHs when timing offset is larger than threshold but buffer received signal with single default beam when timing offset is less than threshold.

	OPPO
	It was RAN1 agreement that the support of OOO is optional UE capability. There will be some scheduling restriction at gNB without support of OOO, but simultaneously reception of fully or partially overlapped PDSCHs is still possible. Furthermore, fully or partially overlapped PDSCHs reception may be an optional UE feature itself as proposed by some companies. We don’t think there will be significant loss of gain for M-TRP transmission.

	Ericsson
	Regarding the relationships between components 4, 5, 6, and 7, we think components 4 and 5 are closely coupled.  Components 6 and 7 are not needed in order to support component 4.  See explanation below:

Without component 5, the following Rel-15 scheduling restrictions from 38.214 apply:

· “For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH.” 
· “For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.”

With these Rel-15 scheduling restrictions, neither partially or fully overlapping PDSCHs are not allowed to be scheduled.
With component 5, we relaxed the restrictions as follows in 38.214:

· “For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of CORESETpoolIndex that ends later than symbol i.”
Note that with component 5, partially or fully overlapping PDSCHs are allowed to be scheduled to the UE.
Hence, we need component 5 in order to support component 4.  But components 6 and 7 are not required for component 4.  So we suggest to keep at least components 4 and 5 as part of a single feature group.


	Intel
	In our view, component 4 does not require components 5, 6, 7. Regarding necessity of 5:

Rel-15 restriction of “For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH.” is relaxed in Rel-16 by “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”. The second Rel-15 restriction on in-order reception of PDCCH-to-PDSCH is satisfied if both the scheduling PDCCHs end on the same OFDM symbol – therefore partially or fully overlapping PDSCH (component 4) can be scheduled without 5. 

	NTT DOCOMO
	Regarding component 4, if it is not supported, only non-overlapped PDSCH can be scheduled for M-DCI based MTRP which is very restricted and no performance benefit can be obtained compared with single TRP transmission.  So we prefer to support component 4 as basic component. Regarding the relation between component 4 and 5, we have the same view as intel and OPPO that fully or partially overlapped PDSCH is still possible even without OOO PDSCH.

	Nokia
	As mentioned by Apple, the OOO operations are mentioned as optional (see the following) in the RAN1 agreement. 

Agreement 

For multi-DCI based multi-TRP, when PDCCHs schedule two PDSCHs/PUSCHs across TRPs, i.e. PDCCHs are associated with different values of CORESETpoolIndex, following operations are allowed: 

· PDCCH to PDSCH: For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of CORESETpoolIndex that ends later than symbol i.

· PDCCH to PUSCH: 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. 

· Note that from the UE perspective, it does not imply overlapped PUSCHs at the time.

· PDSCH to HARQ-Ack: In a given scheduled cell, the UE can receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH associated with a CORESETpoolindex different from the first PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.
Above features are optional for a UE that supports multi-DCI based multi-TRP
· For the CORESET without CORESETPoolIndex, the UE may assume that the CORESET is assigned with CORESETPoolIndex as 0
Before making the above agreement, RAN1 already agreed that the multi-DCI based multi-TRP support fully/partially/non-overlapping PDSCH reception, and the scheduling flexibility is essential when the TRP coordination is non-ideal. In that sense, OOO operation for PDCCH to PDSCH is essential to multi-DCI based multi-TRP operation with non-ideal BH. Since the UE is not aware of the BH condition of TRPs, not supporting OOO operations (even though other features are supported) can simply mean that the multi-DCI based multi-TRP is not supported. 

If 5/6/7 are moved to a separate FG then we should capture in the consequences if feature is not supported that multi-DCI based multi-TRP with non-ideal BH is not supported. 

	
	


2.2 Single-DCI based multi-TRP

The following are the alternatives in [1] for discussion in this email approval:

Alt. 1:

	16-2b
	Single-DCI based multi-TRP
	Basic component(s):

1. FFS: Support of MAC CE to activate multiple two TCI states for a TCI codepoint

2. FFS: Number of CCs supporting single-DCI based multi-TRP operation
Optional components:

3. Support of default QCL assumption with two TCI states
	TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	16-2b-0
	Two default beams for single-DCI based multi-TRP
	Support of default QCL assumption with two TCI states
	16-2b
	
	N/A
	
	Per band
	TDD only
	FR2 only
	
	
	TBD

	16-2b-1
	Single-DCI based SDM scheme
	1. FFS: Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
2. Whether supporting Support of two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	16-2b-2
	Single-DCI based FDMSchemeA
	Support of FDMSchemeA


	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	16-2b-3
	Single-DCI based FDMSchemeB
	1. Support of FDMSchemeB
2. For FDMSchemeB, whether the UE can support CW soft combining

	16-2b, TBD
	
	N/A
	
	TBD [per FSPC]
	N
	TBD
	
	
	TBD

	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of TDMSchemeA
2. Supported maximum TBS size for TDMSchemeA

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 2 candidate values {10 CBs, TBD}


	TBD

	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
2. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
3. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 1 candidate values: {8,16}

Component 2 candidate values {10 CBs, TBD}


	TBD


Alt. 2:

	16-2b
	Single-DCI based multi-TRP
	Basic component(s):

1. FFS: Support of MAC CE to activate multiple two TCI states for a TCI codepoint 
2. Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups

3. Support of DMRS entry {0, 2, 3}
4. FFS: Number of CCs supporting single-DCI based multi-TRP operation
Optional components:

4. Support of default QCL assumption with two TCI states
	TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	16-2b-0
	Single-DCI based multi-TRP optional components
	Support of default QCL assumption with two TCI states
	TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	16-2b-1
	Two PTRS ports for single-DCI based multi-TRP
Single-DCI based SDM scheme
	1. FFS: Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
2. Whether supporting Support of two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	16-2b-2
	Single-DCI based FDMSchemeA
	Support of FDMSchemeA


	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	16-2b-3
	Single-DCI based FDMSchemeB
	1. Support of FDMSchemeB
2. For FDMSchemeB, whether the UE can support CW soft combining

	16-2b, TBD
	
	N/A
	
	TBD [per FSPC]
	N
	TBD
	
	
	TBD

	16-2b-4
	Single-DCI based TDMSchemeA
	3. Support of TDMSchemeA
4. Supported maximum TBS size for TDMSchemeA

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 2 candidate values {10 CBs, TBD}


	TBD

	16-2b-5
	Single-DCI based inter-slot TDM
	4. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
5. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
6. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 1 candidate values: {8,16}

Component 2 candidate values {10 CBs, TBD}


	TBD


Alt. 3: 

	16-2b
	Single-DCI based multi-TRP
	Basic component(s):

1. FFS: Support of MAC CE to activate multiple two TCI states for a TCI codepoint

2. FFS: Number of CCs supporting single-DCI based multi-TRP operation
Optional components:

1. Support of default QCL assumption with two TCI states
	TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	16-2b-1
	Single-DCI based SDM scheme
	1. FFS: Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
2. Whether supporting Support of two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}
4. Support of default QCL assumption with two TCI states
	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	16-2b-2
	Single-DCI based FDMSchemeA
	Support of FDMSchemeA


	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	16-2b-3
	Single-DCI based FDMSchemeB
	1. Support of FDMSchemeB
2. For FDMSchemeB, whether the UE can support CW soft combining

	16-2b, TBD
	
	N/A
	
	TBD [per FSPC]
	N
	TBD
	
	
	TBD

	16-2b-4
	Single-DCI based TDMSchemeA
	5. Support of TDMSchemeA
6. Supported maximum TBS size for TDMSchemeA

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 2 candidate values {10 CBs, TBD}


	TBD

	16-2b-5
	Single-DCI based inter-slot TDM
	7. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
8. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
9. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 1 candidate values: {8,16}

Component 2 candidate values {10 CBs, TBD}


	TBD


Alt. 4:

	16-2b
	Single-DCI based multi-TRP
	Basic component(s):

1. FFS: Support of MAC CE to activate multiple TCI states for a TCI codepoint

2. FFS: Number of CCs supporting single-DCI based multi-TRP operation
Optional components:

3. Support of default QCL assumption with two TCI states
	TBD
	
	N/A
	
	
	N
	Y
	
	
	Optional

	16-2b-1
	Single-DCI based SDM scheme
	1. FFS: Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
2. Whether supporting Support of two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}
4. Maximum number of QCL Type D RSs indicated in a codepoint of a DCI

	16-2b, TBD
	
	N/A
	
	Per Band
	N
	Y
	
	
	Optional

	16-2b-2
	Single-DCI based FDMSchemeA
	1. Support of FDMSchemeA
2. Maximum number of QCL Type D RSs indicated in a codepoint of a DCI

	16-2b, TBD
	
	N/A
	
	Per Band
	N
	Y
	
	
	Optional

	16-2b-3
	Single-DCI based FDMSchemeB
	1. Support of FDMSchemeB
2. For FDMSchemeB, whether the UE can support CW soft combining
3. Maximum number of QCL Type D RSs indicated in a codepoint of a DCI

	16-2b, TBD
	
	N/A
	
	Per Band]
	N
	Y
	
	
	Optional

	16-2b-4
	Single-DCI based TDMSchemeA
	7. Support of TDMSchemeA
8. Supported maximum TBS size for TDMSchemeA

	16-2b, TBD
	
	N/A
	
	Per band
	N
	N
	
	Component 2 candidate values {10 CBs, TBD}


	Optional

	16-2b-5
	Single-DCI based inter-slot TDM
	10. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
11. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
12. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD
	
	N/A
	
	Per band
	N
	N
	
	Component 1 candidate values: {8,16}

Component 2 candidate values {10 CBs, TBD}


	Optional


According to the feedback in [1], eight out of eleven companies prefers Alt. 1. 

Can we agree Alt. 1 as new baseline/reference for single-DCI based multi-TRP? Further details such as component description, candidate values, type, xDD/FRx differentiation can be part of a second round email discussion. 

	Company
	Comments/Questions/Suggestions

	Apple
	Yes, we are fine to agree on Alt.1 as starting point with further clarification of the components 

	vivo
	We are ok with Alt 1, with the following comments:

· The rationale for reporting the number of CCs supporting single DCI based multi-TRP operation should be clarified. We don’t see the necessity to support this component.



	MediaTek
	We agree that Alt. 1 can be the baseline for further discussion. 

Regarding other companies’ view on the necessity of “Maximum number of QCL Type D RSs indicated in a codepoint of a DCI”, we would like to know whether S-DCI M-TRP can be supported in FR2 for SDM/FDM with only one Rx beam. If the answer is YES, then this component should be included, instead of just saying SDM/FDM is supported or not per band or per FR.

	Huawei
	In our understanding, Alt 1 is the closest one with respect to current spec. So we prefer Alt 1. 

Of cause companies may still have concerns for Alt 1/2/3/4, therefore similar with M-DCI, we can start from an Alt suggested by FL and then include FFS for individual component to be decided for associated new/existing FG. 

	QC
	We agree that Alt1 can be the starting point. We do not see the need for FG 16-2b. Single-DCI consist of different schemes that should have corresponding different FGs (i.e. no need for a basic FG for single-DCI).

	ZTE
	We prefer Alt.2, but are fine with majority views for progress.  In addition, it is better to have basic component(s) for single DCI based MTRP as MDCI based. 

	LG
	We support Alt. 1 as a baseline for further discussion. 

	OPPO
	Alt.1 can be the starting point for further discussion.

	Ericsson
	We are fine to agree on Alt. 1 as a baseline. 

-> To answer MediaTek’s question, we don’t think SDM/FDM can be supported with one Rx beam in FR2.  So “Maximum number of QCL Type D RSs indicated in a codepoint of a DCI” is not needed as a UE capability.

->  We have a similar understanding as Qualcomm on the need for 16-2b.  That is, ‘Single-DCI consist of different schemes that should have corresponding different FGs (i.e. no need for a basic FG for single-DCI).’

	Intel
	Same view as QC – Alt-1 is okay as starting point and no need for 16-2b

	NTT DOCOMO
	We agree Alt.1 can be the starting point. Regarding “FFS: Number of CCs supporting single-DCI based multi-TRP operation”, we have the same view as vivo, the necessity to have this as basic component is unclear.

	Nokia
	Alt.1 is reflecting components more accurately compared to other alternatives, and can be used to further discussion. We would also note that if “Maximum number of QCL Type D RSs indicated in a codepoint of a DCI =1”, it means no support of the SDM or FDM schemes, which means Alt.4 is questionable in our view.


3 Conclusions

…
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