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1	Introduction
RAN4#101-bis-e agreed on RedCap demodulation and CQI reporting requirements [1]. This contribution shows our view on the general issues related to both UE demodulation and CSI reporting requirements for RedCap UEs.
2	Discussion
2.1	Channel bandwidth configuration for 1Rx UE in FDD
	1Rx RedCap UE: RAN4 define new UE demodulation and CSI reporting requirements with the following configuration:
· FDD SCS=15kHz in FR1
· Option 1: CBW=10MHz (keep the same assumption as Rel-15 NR UE demodulation)
· Option 2: CBW=20MHz (maximum defined bandwidth for RedCap UE)
· TDD SCS=30kHz in FR1
· CBW=20MHz
· TDD SCS=120kHz in FR2
· CBW=100MHz



In Rel-15, RAN4 also discussed the channel bandwidth configuration for FR1 FDD SCS 15kHz whether to set 10MHz or 20MHz. According to the discission RAN4 agreed to set to 10MHz because of the operators request considering the LTE refarming bands [2]. Another reason was there are several NR bands whose maximum system bandwidth is less than 20MHz, e.g., bands n12, n13, n14, n24, etc according to RF core specification TS 38.101-1. We think RAN4 should keep the same assumption even for RedCap to support as many RF bands as possible. 
Proposal 1: Set CBW=10MHz for RedCap 1Rx UE demodulation and CSI reporting requirements with SCS 15kHz in FR1 FDD. 

2.2	Scheduling pattern for FDD
	1Rx RedCap UE
· Use Full Duplex FDD as the initial simulation assumption.
· RAN4 discuss further whether to define requirements (e.g., FRC) based on Half Duplex FDD or not. If HD-FDD is used, consider the existing TDD pattern FR1.15-1 (i.e., DDDSU)



In Rel-15/16 RAN4 UE demodulation requirements are defined based on full-duplex FDD for FDD bands, where both DL and UL slots can be used simultaneously for UE reception/transmission. On the other hand, RedCap UE supports HD-FDD operation type A where UL slot and DL slot cannot be used simultaneously. As we discussed in RAN4#101-bis-e, the impact due to half-duplex FDD is only the configuration like FRC and CQI delay, and we don’t expect the demodulation or CSI reporting performance difference compared with full-duplex FDD. 
Since RAN4 has already agreed to specify the UE RF requirements and RRM requirements with half-duplex operation such as REFSENS and scheduling restrictions, we think it makes sense RAN4 also introduce the UE demodulation and CSI reporting requirements with half-duplex FDD. However, FG28-3 Half-duplex FDD operation type A for RedCap UE is ‘Optional with capability signaling’, according to RAN1 feature list [3]. 
We therefore propose to define the UE demodulation and CSI reporting requirements by assuming HD-FDD scheduling, i.e., TDD pattern FR1.15-1. Then RAN4 sets the applicability rule; if RedCap UE is capable of the half-duplex FDD operation type A on the testing RF band, UE is tested with HD-FDD mode; if UE is not capable for HD-FDD operation, UE is tested with FD-FDD mode.
Proposal 2: Define UE demodulation and CSI reporting requirements for RedCap 1Rx UE based on half-duplex FDD scheduling by reusing the existing TDD pattern FR1.15.1 (i.e., DDDSU). 
Proposal 3: RAN4 sets the applicability rule that 
· RedCap UE capable of the half-duplex FDD operation type A only test with the half-duplex FDD mode, and 
· RedCap UE not capable of the half-duplex FDD operation type A only test with the full-duplex FDD mode. 

2.3	Number of receive antennas for FR2
In RAN4#101-e-bis, the RF main session discussed the UE power class and number of received antennas for FR2 RedCap UEs. 
	Topic #5: FR2 aspects
Issue 5-1: New power class for RedCap UE 
Agreement: 
· For power class for FWA device
· Reuse the PC5 power class
· For power class for wearable UE and additional industry sensor use case	
· FFS whether to define the new power class for wearable UE and additional industry sensor separately, or define one power class for both
· To limit the number of additional RF requirements, focus on the following three requirements
· Minimum EIRP
· Minimum EIS
· Spherical coverage
· For all the devices above, 2-layer DL MIMO is not mandated and FFS whether to define 2-layer MIMO performance requirements for them.
[…]
Sub-topic 5-2 (FR2 Redcap UE for Industry sensor)
Issue 5-2-1-1: Reducing the# of Rx branch
Option 1: No
Option 2a: yes, single pol receiving and single receiver in baseband 
Option 2b: yes, dual pol receiving but single receiver in baseband
Agreement: not reduce the number of Rx branch for FR2 
[…]
Sub-topic 5-3 (FR2 Redcap UE for wearables)
Issue 5-3-1-1: Reducing the# of Rx branch
· Option 1: No
· Option 2a: yes, single pol receiving and single receiver in baseband 
· Option 2b: yes, dual pol receiving but single receiver in baseband
Agreement: Agree on Option 1.



In our understanding, RAN4 RF session agreed to only consider 2 Rx branch (i.e., 2 Rx RF chains) for FR2 RedCap UEs. In other words, the RF session does not consider 1Rx UE for FR2 RedCap UE. On the other hand it is still FFS the supporting of 2 layer MIMO is mandatory or not for FR2. We think the UE demodulation requirements follows the RF core specification. 
Proposal 4: Define UE demodulation and CSI requirements with 2Rx only for FR2 RedCap UE. 
3	Specification structure in TS38.101-4
Table 1 through Table 4 shows the possible specification structures needed for RedCap UE demodulation requirements. This list will be updated further when RAN4 agree with the scope of UE demodulation and CSI reporting for RedCap UE. 
	Green: RAN4 confirmed to add/update section for RedCap UEs.
Yellow: RAN4 need further discussion whether to define requirements for RedCap UEs.




[bookmark: _Ref92744889]Table 1	Specification structure for RedCap UE Demodulation performance requirements (FR1 - Conducted requirements).
	Section number
	Section name
	Note

	5.1
	General
	

	5.1.1
	  Applicability of requirements
	

	5.1.1.x
	    Applicability of requirements for RedCap UEs
	New section

	5.2
	PDSCH demodulation requirements
	

	5.2.1
	  1RX requirements
	

	5.2.1.1
	    FDD
	

	5.2.1.1.1
	      Minimum requirements for RedCap UEs
	New section

	5.2.1.2
	    TDD
	

	5.2.1.2.1
	      Minimum requirements for RedCap UEs
	New section

	5.2.2
	  2RX requirements
	

	5.2.2.1
	    FDD
	

	5.2.2.1.X
	      Minimum requirements for RedCap UEs
	New section

	5.2.2.2
	    TDD
	

	5.2.2.2.X
	      Minimum requirements for RedCap UEs
	New section

	5.3
	PDCCH demodulation requirements
	

	5.3.1
	  1RX requirements
	

	5.3.1.1
	    FDD
	

	5.3.1.1.1
	      Minimum requirements for RedCap UEs
	New section

	5.3.1.2
	    TDD
	

	5.3.1.2.1
	      Minimum requirements for RedCap UEs
	New section

	5.3.2
	  2RX requirements
	

	5.3.2.1
	    FDD
	

	5.3.2.1.X
	      Minimum requirements for RedCap UEs
	New section

	5.3.2.2
	    TDD
	

	5.3.2.2.X
	      Minimum requirements for RedCap UEs
	New section

	5.4
	PBCH demodulation requirements
	

	5.4.1
	  1RX requirements
	

	5.4.1.1
	    FDD
	New section

	5.4.1.2
	    TDD
	New section

	5.4.2
	  2RX requirements
	

	5.4.2.1
	    FDD
	Add minimum requirement tables for RedCap UEs

	5.4.2.2
	    TDD
	Add minimum requirement tables for RedCap UEs

	5.5
	Sustained downlink data rate provided by lower layers
	

	5.5.1
	  FR1 single carrier requirements
	Add the applicability for RedCap UEs

	5.5A
	Sustained downlink data rate provided by lower layers
	

	5.5A.1
	  FR1 CA requirements
	Update test parameters for RedCap UEs.



Table 2	Specification structure for RedCap UE CSI reporting requirements (FR1 - Conducted requirements).
	Section number
	Section name
	Note

	6.1
	General
	

	6.1.1
	  Applicability of requirements
	

	6.1.1.x
	    Applicability of requirements for RedCap UEs
	New section

	6.2
	Reporting of Channel Quality Indicator (CQI)
	

	6.2.1
	  1RX requirements
	

	6.2.1.1
	    FDD
	

	6.2.1.1.1
	      CQI reporting definition under AWGN conditions for RedCap UEs
	New section

	6.2.1.1.2
	      CQI reporting under fading conditions for RedCap UEs
	New section

	6.2.1.2
	    TDD
	

	6.2.1.2.1
	      CQI reporting definition under AWGN conditions for RedCap UEs
	New section

	6.2.1.2.2
	      CQI reporting under fading conditions for RedCap UEs
	New section

	6.2.2
	  2RX requirements
	

	6.2.2.1
	    FDD
	

	6.2.2.1.X
	      CQI reporting definition under AWGN conditions for RedCap UEs
	New section

	6.2.2.1.X
	      CQI reporting under fading conditions for RedCap UEs
	New section

	6.2.2.2
	    TDD
	

	6.2.2.2.X
	      CQI reporting definition under AWGN conditions for RedCap UEs
	New section

	6.2.2.2.X
	      CQI reporting under fading conditions for RedCap UEs
	New section

	6.3
	Reporting of Precoding Matrix Indicator (PMI)
	

	6.3.1
	  1RX requirements
	

	6.3.1.1
	    FDD
	

	6.3.1.1.1
	      Single PMI with Y TX TypeI-SinglePanel Codebook for RedCap UEs
	New section

	6.3.1.2
	    TDD
	

	6.3.1.2.1
	      Single PMI with Y TX TypeI-SinglePanel Codebook for RedCap UEs
	New section

	6.3.2
	  2RX requirements
	

	6.3.2.1
	    FDD
	

	6.3.2.1.X
	      Single PMI with Y TX TypeI-SinglePanel Codebook for RedCap UEs
	New section

	6.3.2.2
	    TDD
	

	6.3.2.2.X
	      Single PMI with Y TX TypeI-SinglePanel Codebook for RedCap UEs
	New section

	6.4
	Reporting of Rank Indicator (RI)
	

	6.4.2
	  2RX requirements
	

	6.4.2.1
	    FDD
	Update the section?

	6.4.2.2
	    TDD
	Update the section?




Table 3	Specification structure for RedCap UE Demodulation performance requirements (FR2 - Radiated requirements).
	Section number
	Section name
	Note

	7.1
	General
	

	7.1.1
	  Applicability of requirements
	

	7.1.1.x
	    Applicability of requirements for RedCap UEs
	New section

	7.2
	PDSCH demodulation requirements
	

	7.2.1
	  1RX requirements
	

	7.2.1.2
	    TDD
	

	7.2.1.2.1
	      Minimum requirements for RedCap UEs
	RAN4 may not define 1Rx requirements.

	7.2.2
	  2RX requirements
	

	7.2.2.2
	    TDD
	

	7.2.2.2.X
	      Minimum requirements for RedCap UEs
	New section

	7.3
	PDCCH demodulation requirements
	

	7.3.1
	  1RX requirements
	

	7.3.1.2
	    TDD
	

	7.3.1.2.1
	      Minimum requirements for RedCap UEs
	RAN4 may not define 1Rx requirements.

	7.3.2
	  2RX requirements
	

	7.3.2.2
	    TDD
	

	7.3.2.2.X
	      Minimum requirements for RedCap UEs
	New section

	7.4
	PBCH demodulation requirements
	

	7.4.1
	  1RX requirements
	

	7.4.1.2
	    TDD
	RAN4 may not define 1Rx requirements.

	7.4.2
	  2RX requirements
	

	7.4.2.2
	    TDD
	Add minimum requirement tables for RedCap UEs

	7.5
	Sustained downlink data rate provided by lower layers
	

	7.5.1
	  FR2 single carrier requirements
	Add the applicability for RedCap UEs

	7.5A
	Sustained downlink data rate provided by lower layers
	

	7.5A.1
	  FR2 CA requirements
	Update test parameters for RedCap UEs.



[bookmark: _Ref92744893]Table 4	Specification structure for RedCap UE CSI reporting requirements (FR2 - Radiated requirements).
	Section number
	Section name
	Note

	8.1
	General
	

	8.1.1
	  Applicability of requirements
	

	8.1.1.x
	    Applicability of requirements for RedCap UEs
	New section

	8.2
	Reporting of Channel Quality Indicator (CQI)
	

	8.2.1
	  1RX requirements
	

	8.2.1.2
	    TDD
	

	8.2.1.2.1
	      CQI reporting definition under AWGN conditions for RedCap UEs
	RAN4 may not define 1Rx requirements.

	8.2.1.2.2
	      CQI reporting under fading conditions for RedCap UEs
	RAN4 may not define 1Rx requirements.

	8.2.2
	  2RX requirements
	

	8.2.2.2
	    TDD
	

	8.2.2.2.X
	      CQI reporting definition under AWGN conditions for RedCap UEs
	New section

	8.2.2.2.X
	      CQI reporting under fading conditions for RedCap UEs
	New section

	8.3
	Reporting of Precoding Matrix Indicator (PMI)
	

	8.3.1
	  1RX requirements
	

	8.3.1.1
	    FDD
	

	8.3.1.2
	    TDD
	

	8.3.1.2.1
	      Single PMI with 2 TX TypeI-SinglePanel Codebook for RedCap UEs
	RAN4 may not define 1Rx requirements.

	8.3.2
	  2RX requirements
	

	8.3.2.2
	    TDD
	

	8.3.2.2.X
	      Single PMI with 2 TX TypeI-SinglePanel Codebook for RedCap UEs
	New section

	8.4
	Reporting of Rank Indicator (RI)
	

	8.4.2
	  2RX requirements
	

	8.4.2.2
	    TDD
	Update the section?



4	Summary
Proposal 1: Set CBW=10MHz for RedCap 1Rx UE demodulation and CSI reporting requirements with SCS 15kHz in FR1 FDD. 
Proposal 2: Define UE demodulation and CSI reporting requirements for RedCap 1Rx UE based on half-duplex FDD scheduling by reusing the existing TDD pattern FR1.15.1 (i.e., DDDSU). 
Proposal 3: RAN4 sets the applicability rule that 
· RedCap UE capable of the half-duplex FDD operation type A only test with the half-duplex FDD mode, and 
· RedCap UE not capable of the half-duplex FDD operation type A only test with the full-duplex FDD mode. 
Proposal 4: Define UE demodulation and CSI requirements with 2Rx only for FR2 RedCap UE. 
References
[1] [bookmark: _Ref52995642][bookmark: _Ref508638450][bookmark: _Ref3386619][bookmark: _Ref31030704][bookmark: _Ref36025013][bookmark: _Ref85635741][bookmark: _Ref89866727]R4-2203032 “WF on RedCap demodulation and CQI reporting requirements”, Ericsson. 
[2] [bookmark: _Ref94716313]R4-1809347, “NR UE performance Ad-hoc minutes”, Samsung. 
[3] [bookmark: _Ref94717698]R4-2200053, “LS on updated Rel-17 RAN1 UE features list for NR”, RAN1

3

