3GPP TSG RAN WG1 #107-e                                	                   R1-2111119
e-Meeting,  November 11th – 19th, 2021

Agenda Item:	8.17.6
Source:	Spreadtrum Communications
Title:	UE features for RedCap
Document for:	Discussion and decision

Introduction
In this contribution, we discuss the RAN1 related UE features for RedCap. The preliminary RAN1 feature list can be found in [1].

FG for the reduced bandwidth
[bookmark: _Toc39594045][bookmark: _Toc39594046][bookmark: _Toc39594047][bookmark: _Toc39594048][bookmark: _Toc39594049][bookmark: _Toc39594050][bookmark: _Toc39594051]For RedCap UE, the maximum bandwidth is reduced. The related objectives in the WID [2] are listed as follows.
	· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.


These are baseline capability of the maximum bandwidth for RedCap UEs.
FG 28-1 is defined for the above basic capability, and was updated in RAN1#106bis-e [3] as follow.
	Agreement
FG 28-1 is kept as “RedCap UE” as follows.
	28. NR_redcap
	28-1
	RedCap UE
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 MHz.
FFS whether to add any other basic features for RedCap UE
	
	Yes
	
	Impact on UE complexity
	Per UE
	No
	[No]
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling


Note that yellow highlight means FFS and to be discussed further. These parts are provides as placeholders.


For whether to add any other basic features for RedCap UEs, we do not see the other basic features for RedCap UEs.
Furthermore, it was agreed in RAN1#106bis-e [3] that FG 28-1 is supported as a basic FG for RedCap UEs.
	Agreement
FG 28-1 is supported as a basic FG for RedCap UE
· It is clarified in the column of “Mandatory/Optional”


Consequence if the feature is not supported by the UE was agreed to mean that “network assumes the UE is not a RedCap UE”.
	Agreement
The sentence in “Consequence if the feature is not supported by the UE” in FG28-1 is revised as “Network assumes the UE is not a RedCap UE”



FG for the reduced Rx antenna/MIMO layer
For RedCap UE, the minimum number of Rx antennas and the maximum number of DL MIMO layers can be reduced to 1 or 2. 
The related objectives in the WID [2] are listed as follows.
	· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.


As agreed in the WI phase, the number of Rx antenna for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework. When the parameter maxNumberMIMO-LayersPDSCH is absent, the UE support 1Rx and 1 MIMO layer.
On the other hand, there is no consensus to specify solutions to reduced PDCCH blocking caused by the large AL due to the reduced number of Rx antennas. Hence, the compact DCI formats (i.e. DCI 0_2/1_2) are still optional. In other words, DCI format 0_0/1_0 and DCI format 0_1/1_1 are still mandatory for RedCap UEs similar as legacy UEs.
Therefore, FG 28-2 may not be defined for the reduced Rx antenna/MIMO layer, and the reduced Rx antenna/MIMO layer can be captured in FG 2-3 for “PDSCH MIMO layers”.
Proposal 1: The reduced Rx antenna/MIMO layer can be captured in FG 2-3 for “PDSCH MIMO layers”.

FG for HD-FDD
In RAN1#106bis-e [3], it was agreed that if the HD-FDD feature is not supported by the UE, the consequence is “the UE is assumed to support FD-FDD in FDD bands”. 
	Agreement
The sentence in “Consequence if the feature is not supported by the UE” in FG28-3 is revised as “UE is assumed to support FD-FDD in FDD bands”


Furthermore, for the granularity that the “type” definition for HD-FDD feature, we understand that it is more flexible to indicate support of different duplex modes (HD-FDD/FD-FDD) for different FDD bands. Therefore, we prefer “per band” for HD-FDD feature.
[bookmark: _Toc84039539]Proposal 2: for FG 28-3, the granularity is per band.

FG for the relaxed modulation order
RedCap UE can optionally support DL 256QAM. The related objectives in the WID [2] are listed as follows.
	· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.


During the WI phase, RAN1 focused on the MCS/CQI tables. We list some current conclusions for MCS/CQI tables initially.
· MCS tables
· 64QAM MCS tables are mandatory.
· 256QAM MCS tables are optionally supported according to 256QAM for PDSCH.
· 64QAM low SE MCS table for PDSCH (Table 5.1.3.1-3 in TS 38.214) is optionally supported.
· 64QAM low SE MCS tables for PUSCH (Table 5.1.3.1-3 in TS 38.214 for UL OFDM and Table 6.1.4.1-2 in TS 38.214 for UL w/ transform precoding respectively) are optionally supported.
· CQI tables
· “CQI table 1” (Table 5.2.2.1-2 in TS 38.214) that corresponds to MCS Table 5.1.3.1-1 in TS 38.214 is mandatory.
· “CQI table 2” (Table 5.2.2.1-3 in TS 38.214) are optionally supported (256QAM MCS table).
· “CQI table 3” (Table 5.2.2.1-4 in TS 38.214) are optionally supported (64QAM low SE MCS table).
In RAN1#106bis-e [3], it was agreed that the FG for the relaxed modulation order is combined in FG 1-4 for simplicity.
	Agreement
· FG 28-4 is removed
· RedCap UE supports FG1-4 (256QAM for PDSCH) as optional with capability signalling both for FR1 and FR2
· Add a note in FG 1-4 (256QAM for PDSCH) that “For RedCap UEs, the 256QAM MCS table for PDSCH and CQI table 2 are only supported if the UE supports 256QAM for PDSCH”



FG for SSB presence in a UE-specific RRC configured BWP
It is proposed in [4] to define two FGs for operation with or without SSB/CSS in a UE-specific BWP similar as FG 6-1 and FG 6-1a. Operation without SSB in a UE-specific BWP needs the RedCap UEs to retune RF autonomously for AGC/sync/measurement, and thus it is a separate capability.
FG 6-1 and FG 6-1a are listed as follows.
	FG 6-1
1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell

FG 6-1a
BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell


FG for operation with SSB/CSS in a UE-specific BWP can be written as follows.
	BW of a UE-specific RRC configured BWP includes BW of CORESET associated to CSS (if CORESET associated to CSS is present) and SSB, where CSS is SIB1, OSI, RAR or paging CSS


FG for operation with SSB/CSS in a UE-specific BWP can be a separate FG, e.g. FG 28-4, or merged with the FG 6-1.
Proposal 3: FG for operation with SSB/CSS in a UE-specific BWP can be a separate FG, e.g. FG 28-4, or combined with the FG 6-1.
FG for operation without SSB/CSS in a UE-specific BWP can be written as follows.
	BW of UE-specific RRC configured BWP may not include BW of the CORESET associated to SIB1, OSI, RAR or paging CSS (if SIB, OSI, RAR or paging CSS is present) and SSB


FG for operation without SSB/CSS in a UE-specific BWP can be a separate FG, e.g. FG 28-4a, or merged with the FG 6-1a.
Proposal 4: FG for operation without SSB/CSS in a UE-specific BWP can be a separate FG, e.g. FG 28-4a, or combined with the FG 6-1a.
FGs for the BWP adaptation for RedCap UEs can be separate FGs, or merged with like FG 6-2/6-3/6-4 (shown in Appendix A.1).
Proposal 5: FGs for the BWP adaptation for RedCap UEs can be separate FGs, or merged with like FG 6-2/6-3/6-4.

Conclusion
We have the following proposals.
[bookmark: _Ref494215420]Proposal 1: The reduced Rx antenna/MIMO layer can be captured in FG 2-3 for “PDSCH MIMO layers”.
Proposal 2: for FG 28-3, the granularity is per band.
Proposal 3: FG for operation with SSB/CSS in a UE-specific BWP can be a separate FG, e.g. FG 28-4, or combined with the FG 6-1.
Proposal 4: FG for operation without SSB/CSS in a UE-specific BWP can be a separate FG, e.g. FG 28-4a, or combined with the FG 6-1a.
Proposal 5: FGs for the BWP adaptation for RedCap UEs can be separate FGs, or merged with like FG 6-2/6-3/6-4.
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A  Appendix
A.1 FG 6-1/6-1a/6-2/6-3/6-4 in TR 38.822 [5]

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331
	Note
	Mandatory/Optional

	6. CA/DC, BWP, SUL
	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	
	n/a
	This feature should be mandatory without capability signalling for at least BWPs which is the same as the set of specified channel BW

UE-specific RRC configured DL/UL BWP can have the same or different numerology from the initial active DL/UL BWP
	Mandatory without capability signalling

	
	6-1a
	BWP operation without restriction on BW of BWP(s)
	BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell
	6-1, 6-2, 6-3, or 6-4
	bwp-WithoutRestriction
	6-1a is applicable to 6-1, 6-2, 6-3, or 6-4.
	Optional with capability signalling

	
	6-2
	Type A BWP adaptation with same numerology
	1) Up to 2 UE-specific RRC configured DL BWPs per carrier
2) Up to 2 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	6-1
	upto2 in bwp-SameNumerology
	
	Optional with capability signalling

	
	6-3
	Type B BWP adaptation with same numerology
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	6-1
	upto4 in bwp-SameNumerology
	
	Optional with capability signalling

	
	6-4
	BWP adaptation with different numerologies
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) More than one numerologies for the UE-specific RRC configured BWPs per carrier
5) Same numerology between DL and UL per cell except for SUL at a given time
6) BW of a UE-specific RRC configured BWP includes BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	6-1
	upto4 in bwp-DiffNumerology
	
	Optional with capability signalling




