
3GPP TSG RAN WG1 #100bis


R1-2002071
e-Meeting, April 20th – 30th, 2020
Source:
CATT

Title:
UE capability on Rel.16 NR MIMO
Agenda Item:
7.2.11.6
Document for:
Discussion and Decision

1. Introduction
This contribution summarizes our views on UE capability for Rel.16 eMIMO.
2. Discussion 
2.1. Beam management 
16-1a:

· On the FFS point, we think group-based reporting should be included as a of UE capability. 

16-1b:

· The maximum number of lists for simultaneous TCI state activation across multiple CC (PDSCH and PDCCH) can be the maximum number of CCs configurable to a UE. From a practical deployment perspective, a limited number of lists is sufficient, e.g. 2 or 4.

· The same applies to maximum number of lists for simultaneous spatial relation update across CCs for AP-SRS and SP-SRS. 

· The maximum number of PUCCH resource groups per BWP for simultaneous spatial relation update should be decided based on the target deployment scenario. It is clear from past RAN1 discussion that the main usage for group-based PUCCH resource spatial relation update is multi-TRP scenario where each PUCCH group intends to be transmitted to a specific TRP. It was known in prior 3GPP studies that the number of TRP with sufficiently strong signal strength to a UE is quite limited (e.g. 2 or 3) in FR1. For FR2, the number is expected be smaller due to strong cell isolation than FR1. Hence a small number (e.g. 2) seems sufficient here. 

· For the two FFS points, we don’t see the need to introduce such UE capability signaling based on band. The general framework of cross-CC activation is sufficiently flexible where the configuration unit is CC. As for UE capability reporting, it should be made possible that cross-CC activation capability signal is also sufficiently flexible and not hardwired to RF bands (e.g. inter-CC activation capability may not cover a whole band). Therefore we prefer a more generic framework that is future proof and not based on band limitation. 
16-1e: 

· The maximum number of configured pathloss reference RS for PUSCH/SRS by RRC for MAC-CE based pathloss reference RS update is up to 64 in Rel.16. As UE complexity is decided by the number of activated pathloss RS (not the number of configured RS), the need for introducing UE capability on the maximum number of RRC configured pathloss RS is unclear. 

· The maximum number of activated pathloss reference RS for PUSCH/SRS is up to 4 per RAN1 agreement. We don’t think it is necessary to further introduce a UE capability here. 
· The maximum number of samples N to apply the newly activated measurement RS has been discussed and it is FFS whether a fixed value (e.g. N  = 5) is sufficient or a UE capability should introduced. The motivation for introducing a UE capability is to allow faster application timing of the newly activated pathloss RS when UE can stabilize its pathloss measurement with a smaller sample size. Given that practical, quantitative analysis on the performance gain has not been thoroughly established during the RAN1 phase, we are OK to accept a fixed value (e.g. N = 5) without introducing yet another UE capability. 

16-1f: 
· As for the maximum number of SCells for beam failure recovery, our view is that any SCell should be able to be configured for beam failure recovery and the maximum value should be 15. Other smaller candidate values can be introduced for practical need (e.g. 2, 4).

· Support of PUCCH-BFR should not be a UE capability. Our view is that if the UE supports SCell BFR, it needs to support PUCCH-BFR. 

· It was agreed that the maximum number of new beam identification RS should be 64. Smaller values (e.g. 16, 32) may be considered to reduce UE complexity. 
16-1f: 
· We are OK to introduce this feature group.

	Index
	Feature group
	Components
	Prerequisite feature groups

	16-1a
	L1-SINR reporting
	1. The maximum number of L1-SINR based beam measurement and reporting based on ZP IMR and/or NZP IMR (FFS details on the sub-components, e.g., FG 2-24)

2. FFS: Support of group-based reporting for L1-SINR
	TBD 

	16-1b
	TCI state activation and spatial relation update
	1. [Support of / maximum number of lists for] Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH (FFS whether to be a separate UE feature, e.g. 16-1b)
2. [Support of / maximum number of lists for] Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS

3. [Support of / The maximum number of] PUCCH resource groups per BWP for simultaneous spatial relation update

4. FFS: details on whether/how to indicate band pairs which can share the same DL TCI state

3. FFS: details on whether/how to indicate band pairs which can share the same UL spatial relation info
	Component 1: 2-1, 2-4

Component 2: 2-59, 2-60

Component 3: 2-53, 2-59, 4-24

	16-1c
	Default spatial relation
	5. Support of default spatial relation and pathloss reference RS for dedicated-PUCCH/SRS and PUSCH scheduled by DCI format 0_0
	2-53, 2-59

	16-1d
	MAC CE spatial relation update for AP-SRS
	[Support of / The maximum number of] spatial relation update for AP-SRS via MAC CE (FFS whether to be a separate UE feature, e.g. 16-1c)
	2-53, 2-59

	16-1e
	Pathloss reference RS activation via MAC CE
	1. The maximum number of configured pathloss reference RSs for PUSCH/SRS/PUCCH via MAC CE by RRC for MAC-CE based pathloss reference RS update (FFS whether to be a separate UE feature, e.g. 16-1c)
2. FFS: The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH [across CCs / within a slot across all CCs / per CC] (FFS whether to be a separate UE feature, e.g. 16-1c)
3. FFS: Number of measurement samples N to apply newly activated pathloss reference RS
	8-2, 8-3

	16-1f
	SCell beam failure recovery
	4. The maximum number of SCells for SCell beam failure recovery  (FFS whether to be a separate UE feature, e.g. 16-1d)
5. FFS: Support of PUCCH-BFR (FFS whether to be a separate UE feature, e.g. 16-1d)
6. FFS: The maximum number of CSI-RS and/or SSB resources for new beam identification of SCell BFR [across all CCs / within a slot across all CCs / per CC] (FFS to replace this component to 14)
7. FFS: Densigy Density of CSI-RS for new beam identification for SCell BFR 
	2-31

	16-1g
	FFS: Resources for beam management, pathloss measurement, and BFR
	8. FFS: The maximum number of SSB/CSI-RS resources across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, and new beam identification.

9. FFS: The maximum number of SSB/CSI-RS resources across all CCs for pathloss measurement

10. FFS: The maximum number of SSB/CSI-RS resources across all CCs for BFD

11. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
	


2.2. Multi-TRP
	16-2a
	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/CCESupport of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)

4. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
5. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
6. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
7. FFS: The maximum number of activated TCI states
8. FFS: The maximum number of MIMO layers of scheduled PDSCHs
9. 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

12. 
	TBD

	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:

Support of default QCL assumption with two TCI states
	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 two PTRS ports

3. FFS Support of DMRS entry {0, 2, 3}


	16-2b, TBD

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

1. 
	16-2b, 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

	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of TDMSchemeA

2. Supported maximum TBS size for TDMSchemeA


	16-2b, 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
FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD


Regarding 16-2a, according to the following agreement, item 4,5,6 should be optional for a UE supporting M-DCI based M-TRP. 

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
For the maximum number of MIMO layers of scheduled PDSCHs, as the maximum number of layers per PDSCH is a UE capability, it’s not necessary to include the total number of layers in 16-2a.  

For multi-DCI based multi-TRP transmission, at least separate HARQ-ACK should be supported. It should be listed as one of the basic components in 16-2a. 

Regarding 16-2b and 16-2b-1, as SDM is the same transmission scheme for both eMBB and URLLC, they should not be separate UE capabilities. We suggest to keep 16-2b only. 

Furthermore, according to the following agreement, whether supporting two PTRS ports is subject to UE capability for eMBB and URLLC. This item should be one of the optional components for 16-2b.

Agreement

Support two PTRS ports for single-PDCCH based multi-TRP/Panel transmission at least for eMBB and URLLC scheme 1a if two TCI states are indicated by one TCI code point, whereas the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively  

· RRC signalling is used to configure the two PTRS ports

· Note that whether supporting two PTRS ports is subject to UE capability

· FFS: Applicability for other cases

In addition, in our opinion, the following items should all be basic component in 16-2b:

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

2. Number of CCs supporting single-DCI based multi-TRP operation
3. Support of DCI indication of 2 TCI states by a codepoint and DMRS ports within two CDM groups
4. Support of DMRS entry {0, 2, 3}

Based on the discussion above, the following revision is suggested.

	16-2a
	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/CCESupport of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)

4. 
5. 
6. 
7. FFS: The maximum number of activated TCI states
8. 
9. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP
10. 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. 
5. Support of joint HARQ-ACK

6. Support of two TDMed long PUCCHs in a 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)

	TBD


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

2. Support of MAC CE to activate multiple TCI states for a TCI codepoint

3. Number of CCs supporting single-DCI based multi-TRP operation
4. Support of DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
5. Support of DMRS entry {0, 2, 3}

Optional components:

1. Support of default QCL assumption with two TCI states
2. Whether supporting two PTRS ports


	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 two PTRS ports

3. FFS Support of DMRS entry {0, 2, 3}


	16-2b, TBD


2.3. Type II CSI
	16-3a
	Regular eType-II
	Basic components:

1. FFS: {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II

2. 8 parameter combinations (FFS: Value of L per the number of antenna ports)

3. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional) Support of PMI sub-bands with value R=1

4. Rank restriction

5. FFS: UCI omission

Optional components

1. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional) Support of PMI sub-bands with R=2

2. Rank 1 to 4 Support of rank 3,4

3. CBSR 

4. FFS: The maximum number of configured aperiodic CSI Report Settings

5. FFS: Support of mixed codebook types


	TBD

	16-3b
	Port selection eType-II
	Basic components:

1. FFS: {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II

2. 6 parameter combinations (combos with L=6 don’t apply) (FFS: Value of L per the number of antenna ports)

3. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional) Support of PMI sub-bands with value R=1

4. Rank restriction

5. FFS: UCI omission

Optional components:

1. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional) Support of PMI sub-bands with R=2

2. Rank 1 to 4 Support of rank 3,4

3. FFS: The maximum number of configured aperiodic CSI Report Settings

4. FFS: Support of mixed codebook types


	TBD


16-3a/b: 

· CBSR with hard amplitude restriction shall be in basic components according to agreement made in RAN1#98bis meeting. 

Agreement
For amplitude restriction mechanism:

· Alt 0. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient hard amplitude restriction)

· Four beam groups are selected via higher-layer configured bitmap B1
· For each spatial beam in each of the four beam groups, hard restriction (maximum amplitude of 0 or 1) is applied to any of the [image: image1.png]


coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps [image: image2.png]


 

· Alt 3A from RAN1#98 (soft with sum-power-ratio constraint), simplified to [image: image3.png]P, (mk)<

k)




 for each [image: image4.png](A.ED)



 where [image: image5.png]


 denotes the number of NZCs associated with [image: image6.png](A.ED)



.

· The value of [image: image7.png]


 is configured from the Rel.15 2-bit amplitude restriction table

· The number of beam-groups is the same as Rel.15 Type II CBSR

Support Alt0 as mandatory and Alt3A (described above) as optional analogous to Rel.15 Type II codebook. 

· Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”

· Rel-15 UE capability reporting leads to under-reporting of mixed codebook types. For each codebook type, the maximum number of resources across all CCs within a band simultaneously, the maximum number of Tx ports in a resource, and the total number of Tx ports across all CCs within a band simultaneously are reported. However, there is no information on UE capability on multiple codebook types. To avoid potential codebook configuration beyond UE capability, UE has to report conservative UE capability for each codebook type. Taking the number of CSI-RS resources as an example, the codebook combinations supported by a UE is summarized in Table I. If the number of CSI-RS resources are reported as 8, 4 and 4 for Type I, Rel-15 Type II and Rel-16 Type II codebooks respectively, gNB may configure a combination (e.g. 6 and 3 CSI-RS resources for Type I and Rel-16 Type II, respectively) beyond UE capability. To avoid these combinations, UE would report 4, 1, and 2 for the Type I, Rel-15 Type II and Rel-16 Type II codebook respectively. gNB can configure at most 4 CSI-RS resources when only Type I codebook is used, even though UE is capable of dealing with 8 CSI-RS resources.

Table I:  Example of codebook combinations for the UE       

	
	Max# of CSI-RS resources for Type I
	Max# of CSI-RS resources for Rel-15 Type II
	Max# of CSI-RS resources for Rel-16 Type II

	Comb1
	0
	0
	4

	Comb2
	8
	0
	0

	Comb3
	0
	4
	0

	Comb4
	4
	0
	3

	Comb5
	4
	1
	2

	Comb6
	4
	2
	1


As a solution, we propose to introduce UE capability on the support of cross codebook type, which includes the maximum number of resources across all CCs across all codebook types within a band simultaneously, the maximum number of Tx ports in a resource, and the total number of Tx ports across all CCs across all codebook types within a band simultaneously. In this way, Comb4/5/6 could be reported individually using the UE capability signalling.

2.4. Full UL Tx power
	16-5a
	UL full power transmission mode 0
	1. Supported UL full power transmission [mode 0]
2. Number of Tx to support mode 0: {2Tx, 4Tx, 2Tx_4Tx}
	2-13, 2-14

	16-5b
	UL full power transmission mode 1
	1. Supported UL full power transmission mode 1
2. Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}

FFS: New UL codebook set(s) per supported Tx
	2-13, 2-14

	16-5c
	UL full power transmission mode 2
	1. Supported UL full power transmission mode 2
2. Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}

3. The maximum number of SRS resources in set with different number of ports [for usage set to ‘codebook’]. 
4. FFS on details for supported number of Tx.

5. FFS: Number of ports per SRS resource

6. FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set

7. TPMI group which delivers full power. FFS on details for supported number of Tx.

Note: UE indicating mode 2 shall support full power transmission for 1 antenna port
	2-13, 2-14


16-5b:

· Mode 1 introduces new codebook subsets which can support full power transmission. For each Tx, the new codebook subset is fixed and defined in the specification. This FFS point is not needed. 
16-5c:

· It was agreed in RAN1 that the maximum number of different spatial relation info in a SRS set for usage set to “codebook” is 2. We don’t think it is necessary to introduce another capability here (e.g. value 1), and a fixed value of 2 is sufficient. 

3. Conclusions
In this contribution we provided our views on UE capability for Rel.16 eMIMO. 
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