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1	Introduction
RAN4 has received an LS from RAN2 on capability related to RAN2 agreements for RedCap [1] as follows:
	Agreements online (RAN2#114-e): 
1.	RAN2 Working Assumption: by default, all non-RedCap UE capabilities are applicable for RedCap 	UE, and therefore only for non-RedCap capabilities that are not appliable for RedCap UE, we clarify 	in the definitions for parameters in TS38.306, the value or feature is not applicable for RedCap UE
Agreements (RAN2#115-e):
1.	The number of DRBs supported by RedCap UEs is less than legacy value (which is 16). There will 	be a single mandatory value (FFS if 4 or 8). FFS if it will be possible to have an optional capability
2.	“RRC processing delay” is not relaxed for RedCap UE
3.	PDCP/RLC AM 12 bits SN is mandatory for RedCap UE, and PDCP/RLC AM 18bits SN is optional 	supported by RedCap UE; FFS on how to capture this in specification
4.	NE-DC, and (NG)EN-DC are not supported by RedCap UE; FFS on how to capture it in the 	specification;
5.	DAPS and CAPC related capabilities are not applicable for RedCap UE; [8/20] FFS on CHO. FFS on 	how to capture this in the specification;
Agreements via email - from offline 109 (RAN2#115-e):
1.	Maximum 8 DRBs is mandatory supported by RedCap UEs.
2.	From RAN2 perspective, inter RAT mobility related capabilities are applicable for RedCap UE;
3.	From RAN2 perspective, measurement related capabilities are applicable for RedCap UE;
4.	From RAN2 perspective, URLLC related capabilities are applicable for RedCap UE except those 	affected by CA/DC;
5.	From RAN2 perspective, IAB related capabilities are not applicable for RedCap UE, i.e. the RedCap 	UE is not expected to act as IAB node;
6.	Do not introduce capability signalling on the supported Rx number for RedCap UE since the number 	of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter 	maxNumberMIMO-LayersPDSCH in the existing UE capability framework;


 
In the LS, RAN2 requests two actions:
· ACTION: RAN2 respectfully asks RAN1 and RAN4 to provide feedback on the RAN2 agreements related to above UE capabilities, if any.
· ACTION: RAN2 respectfully asks RAN1 and RAN4 whether there are any Rel-15 and/or Rel-16 UE features or capabilities which should not be applicable for RedCap UEs?
This contribution addresses the actions requested by RAN2. 
2	Discussion
2.1	RedCap UE demodulation requirements
In general, RAN4 defines the NR UE demodulation requirements based on the following parameters:
· FR1 15kHz, CBW 10MHz, Full-duplex FDD, 2Rx and 4Rx
· FR1 30kHz, CBW 40MHz, TDD, 2Rx and 4Rx
· FR2 120kHz, CBW 100MHz, TDD, 2Rx.
According to the RAN1/RAN2 agreements, however, RedCap UEs have reduced capabilities as follows:
· For FDD bands, support half-duplex FDD is mandatory. Support of full-duplex FDD is optional.
· Maximum channel bandwidth is up to 20MHz for FR1 and 100MHz for FR2
· Minimum number of Rx antennas is 1. Support of more than 1 Rx is optional.
· Maximum number of DL MIMO layers is 1 for UE with single receive antenna and 2 for UE with 2 or more receive antennas.
· Support for the maximum modulation order of 64QAM for both UL and DL is mandatory. Support of 256QAM in DL in FR1 is optional.
· Not support CA/DC/EN-DC.
According to the agreed capabilities for RedCap UEs, we don’t think RAN4 can reuse the existing demodulation and CSI reporting requirements for RedCap UE. This means we need to define the dedicated demodulation requirements for RedCap UEs even for 2Rx. However RAN4 should discuss the detailed test scope in 2022 when TU is allocated in RAN4.
Observation 1: RAN4 need to define the dedicate UE demodulation (and CSI reporting) requirements for RedCap UE.
2.2	RAN2 agreements related to UE capabilities
This section discusses the first question on the RAN2 agreements highlighted in yellow from the UE demodulation requirement perspective.  
URLLC related capabilities
RAN4 have already defined the several PDSCH demodulation requirements assuming URLLC, and TS38.101-4 defines the clear applicability rules as shown in Table 1. This means all the existing URLLC related PDSCH demodulation requirements are applicable only for the UE with the corresponding capabilities. Even if RAN4 agree to define new URLLC related PDSCH requirements for RedCap UE, we think RAN4 will define the necessary applicability rules. Therefore we don’t think the conclusion in RAN2 regarding URLLC related capabilities does not affect to RAN4 demodulation requirement work.
[bookmark: _Ref85647949]Table 1	Applicability rule for URLLC related PDSCH demodulation requirements in TS38.101-4. 
	UE feature/capability [14]
	Test type
	Test list
	Applicability notes

	CQI table with target BLER of 10^-5New CQI table (cqi-TableAlt)
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.5
Clause 5.2.3.1.5
	

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.5
Clause 5.2.3.2.5
	

	PDSCH repetitions over multiple slots (pdsch-RepetitionMultiSlots) 
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.6
Clause 5.2.3.1.6
	

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.6
Clause 5.2.3.2.6
	

	UE PDSCH processing capability #2 (pdsch-ProcessingType2)
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.7
Clause 5.2.3.1.7
	

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.7
Clause 5.2.3.2.7
	

	Pre-emption indication for DL (pre-EmptIndication-DL)
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.8
Clause 5.2.3.1.8
	

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.8
Clause 5.2.3.2.8
	

	PDSCH repetitions over multiple slots (pdsch-RepetitionMultiSlots)
	FR2 TDD
	PDSCH
	Clause 7.2.2.2.2
	



IAB related capabilities
RAN4 specifies the minimum RF characteristics and minimum performance core requirements of IAB node in TS 38.174. We believe readers understand the RedCap UE is not act as IAB node as far as the RedCap UE demodulation requirements are set in TS38.101-4. Therefore we don’t think the conclusion in RAN2 regarding the IAB related capabilities does not affect to RAN4 demodulation requirement work.

Supported Rx number for RedCap UE
RAN4 defines the applicability of requirements regarding the different number of Rx antenna ports as in TS38.101-4 Clauses 5.1.1.2 for FR1 and 7.1.1.2 for FR2. Since the supported number of Rx antennas depend on the RF bands, the applicability of test cases depends on the UE declaration. 
	[bookmark: _Toc21338162][bookmark: _Toc29808270][bookmark: _Toc37068189][bookmark: _Toc37083732][bookmark: _Toc37084074][bookmark: _Toc40209436][bookmark: _Toc40209778][bookmark: _Toc45892737][bookmark: _Toc53176594][bookmark: _Toc61120870][bookmark: _Toc67918014][bookmark: _Toc76298057][bookmark: _Toc76572069][bookmark: _Toc76651936][bookmark: _Toc76652774][bookmark: _Toc83742046]5.1.1.2	Applicability of requirements for different number of RX antenna ports
The number of RX antenna ports for different RF operating bands is up to UE declaration.
The UE shall support 2 or 4 RX antenna ports for different RF operating bands. The operating bands, where 4 RX antenna ports shall be the baseline, are defined in Clause 7.2 of TS 38.101-1 [6]. The UE requirements applicability for UEs with different number of RX antenna ports is defined in Table 5.1.1.2-1.
Table 5.1.1.2-1: Requirements applicability
	Supported RX antenna ports
	Test type
	Test list

	UE supports only 2RX 
	PDSCH
	All tests in Clause 5.2.2

	
	PDCCH
	All tests in Clause 5.3.2

	
	PBCH
	All tests in Clause 5.4.2

	UE supports only 4RX or both 2RX and 4RX
	PDSCH
	All tests in Clause 5.2.3 (Note 2)

	
	PDCCH
	All tests in Clause 5.3.3 (Note 2)

	
	PBCH
	All tests in Clause 5.4.2 or 5.4.3 (Note)

	Note 1:	Requirements for PBCH with 4Rx is up to UE declaration
Note 2: 	‘maxMIMO-Layers-r16’ is not configured during the performance requirements testing for UE supporting Release 16 per-BWP MIMO layer adaptation.



[bookmark: _Toc76298252][bookmark: _Toc76572264][bookmark: _Toc76652131][bookmark: _Toc76652969][bookmark: _Toc83742241]7.1.1.2	Applicability of requirements for different number of RX antenna ports
UE shall support 2 RX ports for different RF operating bands. The UE requirements applicability is defined in Table 7.1.1.2-1.
Table 7.1.1.2-1: Requirements applicability
	Supported RX antenna ports
	Test type
	Test list

	UE supports 2RX  antenna ports
	PDSCH
	All tests in Clause 7.2.2

	
	PDCCH
	All tests in Clause 7.3.2

	
	PBCH
	All tests in Clause 7.4.2






RAN4 also defines the applicability rules with regard to the supported maximum number of PDSCH MIMO layers as shown in Table 2. As it is noted in Table 2, the requirements apply only in case the PDSCH MIMO rank in the test case does not exceed UE PDSCH MIMO layers capability. 
[bookmark: _Ref85648527]Table 2	Applicability rule related to the supported maximum number of PDSCH MIMO layers. 
	UE feature/capability [14]
	Test type
	Test list
	Applicability notes

	Supported maximum number of PDSCH MIMO layers (maxNumberMIMO-LayersPDSCH)
	FR1 FDD
	PDSCH
	Clause 5.2.2.1.1 (Tests 2-1, 2-2, 3-1)
Clause 5.2.2.1.2
Clause 5.2.3.1.1 (Tests 2-1, 2-2, 3-1, 4-1, 5-1)
Clause 5.2.3.1.2
	The requirements apply only in case the PDSCH MIMO rank in the test case does not exceed UE PDSCH MIMO layers capability

	
	FR1 TDD
	PDSCH
	Clause 5.2.2.2.1 (Tests 2-1, 2-2, 3-1)
Clause 5.2.2.2.2
Clause 5.2.3.2.1 (Tests 2-1, 2-2, 3-1, 4-1, 5-1)
Clause 5.2.3.2.2
	

	Supported maximum number of PDSCH MIMO layers (maxNumberMIMO-LayersPDSCH)
	FR2 TDD
	PDSCH
	Clause 7.2.2.2.1 (Tests from 2-1 to 2-6)
	The requirements apply only in case the PDSCH MIMO rank in the test case does not exceed UE PDSCH MIMO layers capability



When RAN4 will define new PDSCH requirements for RedCap UE, we think RAN4 are going to define the necessary applicability rules like Table 2. Therefore we don’t think the conclusion in RAN2 regarding the supported Rx number for RedCap UE does not affect to RAN4 demodulation requirement work.

Observation 2: The conclusion in RAN2 regarding UE capabilities related to RedCap does not affect to RAN4 demodulation requirement work, as far as RAN4 defines the dedicated demodulation requirements for RedCap UE. 
2.3	Rel-15 and/or Rel-16 UE features/capabilities which should not be applicable for RedCap UEs.
The second question is if there are any Rel-15 and/or Rel-16 UE features or capabilities which should not be applicable for RedCap UEs. 
From the UE demodulation requirements point of view, RAN4 has defined the UE capabilities on advanced receivers such as:
· Enhanced demodulation processing for HST-SFN joint transmission scheme with velocity up to 500km/h
· SU-MIMO Interference Mitigation advanced receiver
In our view, this is up to UE implementation RAN4 does not need to preclude any UE receiver algorithm implementation even for RedCap UEs. Therefore we think there are no UE enhanced receiver features/capabilities which should not be applicable for RedCap UEs. 
Observation 3: There are no UE enhanced receiver features/capabilities which should not be applicable for RedCap UEs.
3	Summary
Observation 1: RAN4 need to define the dedicate UE demodulation (and CSI reporting) requirements for RedCap UE.
Observation 2: The conclusion in RAN2 regarding UE capabilities related to RedCap does not affect to RAN4 demodulation requirement work, as far as RAN4 defines the dedicated demodulation requirements for RedCap UE. 
Observation 3: There are no UE enhanced receiver features/capabilities which should not be applicable for RedCap UEs.
Based on our observations above, we don’t think the agreements by RAN2 on RedCap UE capabilities do not have impact to the RAN4 demodulation requirements work starting from 2022. We therefore propose to send the feedback to RAN2 as attached in this contribution. 
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1	Overall description
RAN4 would like to thank RAN2 for the LS on the UE capabilities for RedCap. RAN4 has discussed the RAN2 agreements on the UE capabilities from the UE demodulation requirement perspective and we do not see any impacts due the agreements in RAN2. 
RAN4 also concludes there are no Rel-15 and/or Rel-16 UE features or capabilities which should not be applicable for RedCap UEs from RAN4 UE demodulation requirement perspective. 
2	Actions
To RAN WG2:
ACTION: 	RAN4 respectfully asks RAN2 to take the above RAN4 UE demodulation conclusions on RedCap UE capabilities in their future work.
3	Dates of next TSG-RAN WG4 meetings
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG-RAN WG4 meeting #101-bis-e		17 – 25 January 2022, Electronic Meeting
TSG-RAN WG4 meeting #102-e			21 February – 3 March 2022, Electronic Meeting

3

