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1	Introduction
For FR1 RedCap UE REFSENS requirements, FD-FDD/TDD and HD-FDD associated with 1Rx and 2Rx for all FR1 bands need to be considered, which are:
1. Single Rx FD-FDD/TDD REFSENS
2. Single Rx HD-FDD REFSENS
3. 2Rx FD-FDD/TDD REFSENS
4. 2Rx HD-FDD REFSENS 
In last meeting, a WF was agreed in [1] for RedCap UE miscellaneous, including power classes, operating bands, FR1 REFSENs and FR2 related requirements. In terms of the agreements in [1]:
· For single Rx branch FDD/TDD REFSEN (i.e. bullet 1):
· Agreement: TDD delta is 2.5dB per agreement and FDD delta is 2.5dB for 5M and 3dB for 10M/15M/20M BWs.
· For single Rx branch HD-FDD REFSEN (i.e. bullet 2): 
· Agreement: Compared to 1Rx FDD REFSENS, apply 0.8 dB tightening for REFSENS requirement for 1Rx HD-FDD REFSENS as baseline in general, and check band by band whether the additional tightening or relaxation is needed for a certain band.
· For 2Rx branches HD-FDD REFSEN (i.e. bullet 4):
· Agreement: Compared to 2Rx FDD REFSENS, apply 0.8 dB tightening for REFSENS requirement for 2Rx HD-FDD REFSENS as baseline in general, and check band by band whether the additional tightening or relaxation is needed for a certain band.
Additional, for 2Rx branches FD-FDD/TDD REFSENS (i.e. bullet 3), it was already agreed in previous meeting that re-use existing single carrier REFSENS requirement.
In terms of the aforementioned agreements, the REFSEN requirements for the 4 cases are almost close to the final agreements, in which the baseline scaling factors for different use cases were agreed. The open issues are check band by band whether the additional tightening or relaxation is needed for a certain band for HD-FDD REFSEN of both single Rx and 2Rx.
Moreover, there are two other issues mentioned in [1], i.e. UL configuration for REFSENS requirements and Dual mode RedCap UE support (HD-FDD and FD-FDD), although there were tentative agreements recommended by the moderator, no final agreements were achieved.
In this contribution, we provide some further discussions on the above issues for FR1 RedCap UE requirements.
2	Discussion
REFSEN related
For single Rx FDD RedCap UE REFSEN requirements, it can be seen that constant values were adopted although there were some diverse proposals proposed by different comments, such as a constant value of 3dB for all FDD bands, or 2.5dB as baseline with 3dB for some exceptional bands. The drawback of the latter one is RAN4 need to check/study and define the requirements for the FDD bands one by one, and the former one didn’t follow the approaches as LTE category 1bis/LTE Low Cost MTC. In the end, seemingly the compromise way was adopted, in which the FDD/TDD REFSENS adjustment due to single receiver antenna ports compared to existing 2Rx FDD/TDD REFSENS are summarized in table 2.1.
Table 2.1.  FDD/TDD REFSENS adjustment due to single receiver antenna ports (dB)
	Duplex Mode
	FDD/TDD REFSENS adjustments due to support 
for single receiver antenna ports 
compared to 2Rx antenna ports(dB)

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	FDD
	+2.5
	+3
	+3
	+3

	TDD
	+2.5
	+2.5
	+2.5
	+2.5


Obviously, there is no need to check/study and define the requirements for the FDD bands one by one.
Observation 1: REFSENS adjustments due to support for single Rx antenna ports are applied to all FDD or TDD bands, respectively.
For single Rx branch HD-FDD REFSEN, 0.8 dB tightening for REFSENS requirement compared to 1Rx FDD REFSENS was agreed as baseline, it should be noted that it wasn’t associated with channel bandwidth, which means this baseline of 0.8dB is applied to 5/10/15/20MHz channel bandwidth to our understanding. 
Actually this agreement was equivalent to 1.7dB tightening for REFSENS requirement compared to 2Rx FDD REFSENS. Due to the REFSENS adjustments due to support for single Rx antenna ports are applied to all bands, we think there is also no need to check/study and define the requirements for all the bands one by one by leveraging the similar approach, i.e. no need to check band by band whether the additional tightening or relaxation is needed for a certain band.
Similar with single Rx branch, for 2Rx branches HD-FDD REFSEN, there is no need to check band by band whether the additional tightening or relaxation is needed for a certain band.
Proposal 1: For both single Rx and dual Rx branches HD-FDD REFSEN, REFSEN adjustments due to support for single Rx antenna ports are applied to all FDD bands.
Therefore, the HD-FDD REFSENS adjustment due to single receiver antenna ports compared to existing 2Rx antenna ports FDD REFSENS are summarized in table 2.2.
Table 2.2.  HD-FDD REFSENS adjustment due to single/dual receiver antenna ports (dB)
	Duplex Mode
	HD-FDD REFSENS adjustments compared
 to 2Rx antenna ports FDD(dB)

	
	single receiver antenna ports
	Dual receiver antenna ports

	HD-FDD
	+1.7
	-0.8



In addition, for 2Rx REFSENS requirements for those bands supporting min. 4Rx branches, due to the reductions of the receiver branches, there is no need to consider the additional receiver diversity gain (ΔRIB,4R) for 2Rx branches.
Observation 2: There is no need to consider the additional receiver diversity gain (ΔRIB,4R) for RedCap UE .
The REFSEN for Single Rx FD-FDD/TDD, Single Rx HD-FDD, 2Rx branches FD-FDD/TDD and 2Rx HD-FDD (Table 5 and Table 6)  can be found in Appendix part.
Proposal 2: Use the REFSEN requirements in the tables in Appendix for 1Rx FDD/TDD, 1Rx HD-FDD and 2Rx HD-FDD, respectively.

UL configuration
The tentative agreements for UL configurations in WF[1] was: 
Tentative agreements:
· Option 2: uplink configuration for reference sensitivity of 1Rx in FD-FDD mode, 1Rx and 2Rx in HD-FDD mode could reuse the uplink configuration for reference sensitivity of 2Rx in FD-FDD mode with the channel bandwidth of 5MHz, 10MHz, 15MHz, and 20MHz.
It terms of the above tentative agreements, it seems there are no separate uplink configuration for RedCap UE and conventional NR 2Rx UE. According to the REFSEN discussion, the delta is mainly for the insertion loss or implementation margin. So at least for 1Rx FD-FDD mode, the existing 2Rx FDD uplink configuration should be re-used, otherwise, additional degradation may be needed if the uplink configuration is increased especially for those ‘difficult’ bands whose Rx is impacted by its own Tx noise due to narrow duplexer gap. 
For HD-FDD mode, since no impact on Rx from its own Tx noise, which means whether partial or full RB allocation will not impact on the REFSEN requirements. For simplifications of the specification, it would be better to reuse the existing 2Rx FDD uplink configuration. In this way, the same table can be used as reference for RedCap UE and  conventional NR UE, rather than using the separate tables.
Observation 3: For HD-FDD mode, whether partial or full RB allocation will not impact on the REFSEN requirements.
Proposal 3. For simplification of the specification, reuse existing uplink configuration for reference sensitivity of 2Rx in FD-FDD mode for RecCap UE.

Dual mode RedCap UE support (HD-FDD and FD-FDD)
The recommended tentative agreements for dual mode RedCap UE support in WF[1] was: 
· Proposals
· Option 1: No considered in Rel-17. 
· Option 2: supported in Rel-17. 
· FD-FDD requirements is applicable to UE supporting both FD-FDD and HD-FDD modes.
· Only define signaling to distinguish UE with FD-FDD capability and UE with HD-FDD only capability, for example HD-FDD only mode indication
· Option 3: Deprioritize dual mode RedCap device in Rel-17
· Recommended WF
· Option 3
In our understanding, so far the benefit is unclear to support dual mode, and it seems it would increase complexity/cost comparing with single mode FD or HD, and also it seems the current WID didn’t include the dual mode. Meanwhile supporting both FD-FDD and HD-FDD modes may trigger some RAN1’s discussions however it seems there are no time for RAN1 to discuss it in Rel-17. Therefore we think it would be better to focus on HD-FDD only mode in Rel-17.
Proposal 4. No considered Dual mode RedCap UE in Rel-17
3 Conclusion
In this contribution, we provide some further discussions on some open issues for FR1 RedCap UE requirements. The conclusions and the proposals are summarized below:
Observation 1: REFSENS adjustments due to support for single Rx antenna ports are applied to all FDD or TDD bands, respectively.
Proposal 1: For both single Rx and dual Rx branches HD-FDD REFSEN, REFSEN adjustments due to support for single Rx antenna ports are applied to all FDD bands.
Observation 2: There is no need to consider the additional receiver diversity gain (ΔRIB,4R) for RedCap UE .
Proposal 2: Use the REFSEN requirements in the tables in Appendix for 1Rx FDD/TDD, 1Rx HD-FDD and 2Rx HD-FDD, respectively.
Observation 3: For HD-FDD mode, whether partial or full RB allocation will not impact on the REFSEN requirements.
Proposal 3. For simplification of the specification, reuse existing uplink configuration for reference sensitivity of 2Rx in FD-FDD mode for RecCap UE.
Proposal 4. No considered Dual mode RedCap UE in Rel-17
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5	Appendix
The REFSEN for Single Rx FD-FDD/TDD (Table 1 and Table 2), Single Rx HD-FDD (Table 3 and Table 4) and 2Rx HD-FDD (Table 5 and Table 6) are listed below:
It should be noted that the existing single carrier REFSENS requirements defined in Table 7.3.2-1a and Table 7.3.2-1b in TS38.101-1 are applied for 2Rx branches FD-FDD/TDD, without the note related to 4Rx for some bands.
Table 1 Single antenna port reference sensitivity QPSK PREFSENS for FDD bands
	Operating Band
	SCS 
kHz
	5
MHz 
(dBm)
	10 
MHz 
(dBm)
	15 
MHz 
(dBm)
	20 
MHz 
(dBm)

	n1
	15
	-97.5
	-93.8
	-92
	-90.8

	
	30
	
	-94.1
	-92.1
	-91

	
	60
	
	-94.5
	-92.4
	-91.2

	n2
	15
	-95.5
	-91.8
	-90
	-88.8

	
	30
	
	-92.1
	-90.1
	-89

	
	60
	
	-92.5
	-90.4
	-89.2

	n3
	15
	-94.5
	-90.8
	-89
	-87.8

	
	30
	
	-91.1
	-89.1
	-88

	
	60
	
	-91.5
	-89.4
	-88.2

	n5
	15
	-95.5
	-91.8
	-90
	-83.8

	
	30
	
	-92.1
	-90.1
	-85.6

	n7
	15
	-95.5
	-91.8
	-90
	-88.8

	
	30
	
	-92.1
	-90.1
	-89

	
	60
	
	-92.5
	-90.4
	-89.2

	n8
	15
	-94.5
	-90.8
	-88.4
	-82.8

	
	30
	
	-91.1
	-88.7
	-84.2

	n12
	15
	-94.5
	-90.8
	-81
	

	
	30
	
	-91.1
	-81.1
	

	n13
	15
	-94.5
	-90.8
	
	

	
	30
	
	-91.1
	
	

	n14
	15
	-94.5
	-90.8
	
	

	
	30
	
	-91.1
	
	

	n18
	15
	-97.5
	-93.8
	-92
	

	
	30
	
	-94.1
	-92.1
	

	n20
	15
	-94.5
	-90.8
	-88
	-86.8

	
	30
	
	-91.1
	-88.1
	-87

	n24
	15
	-97.5
	-93.8
	
	

	
	30
	
	-94.1
	
	

	
	60
	
	-94.5
	
	

	n25
	15
	-94
	-90.3
	-88.5
	-87.3

	
	30
	
	-90.6
	-88.6
	-87.5

	
	60
	
	-91
	-88.9
	-87.7

	n26
	15
	-95.0
	-91.5
	-89.7
	-84.6

	
	30
	
	-91.8
	-89.7
	-84.7

	n28
	15
	-96
	-92.5
	-90.5
	-87.8

	
	30
	
	-92.6
	-90.6
	-88

	n30
	15
	-96.5
	-92.8
	
	

	
	30
	
	-93.1
	
	

	n65
	15
	-97
	-93.3
	-91.5
	-90.3

	
	30
	
	-93.6
	-91.6
	-90.5

	
	60
	
	-94
	-91.9
	-90.7

	n66
	15
	-97
	-93.3
	-91.5
	-90.3

	
	30
	
	-93.6
	-91.6
	-90.5

	
	60
	
	-94
	-91.9
	-90.7

	n71
	15
	-94.7
	-91
	-88.6
	-83

	
	30
	
	-91.3
	-88.9
	-84.4

	n74
	15
	-97.0
	-93.3
	-91.5
	-86.3

	
	30
	
	-93.6
	-91.6
	-86.5

	
	60
	
	-94.0
	-91.9
	-86.6



Table 2 Single antenna port reference sensitivity QPSK PREFSENS for TDD bands and FDD band with variable duplex operation bands
	Operating band
	SCS
kHz
	Channel bandwidth 
(MHz)
	REFSENS (dBm)

	n34
	15
	5, 10, 15
	-97.5+ 10log10(NRB/25)

	
	30
	10, 15
	-94.6+ 10log10(NRB/24)

	
	60
	10, 15
	-95+ 10log10(NRB/11)

	n38
	15
	5, 10, 15, 20
	-97.5+ 10log10(NRB/25)

	
	30
	10, 15, 20
	-94.6+ 10log10(NRB/24)

	
	60
	10, 15, 20
	-95+ 10log10(NRB/11)

	n39
	15
	5, 10, 15, 20
	-97.5+ 10log10(NRB/25)

	
	30
	10, 15, 20
	-94.6+ 10log10(NRB/24)

	
	60
	10, 15, 20
	-95+ 10log10(NRB/11)

	n40
	15
	5, 10, 15, 20
	-97.5+ 10log10(NRB/25)

	
	30
	10, 15, 20
	-94.6+ 10log10(NRB/24)

	
	60
	10, 15, 20
	-95+ 10log10(NRB/11)

	n41
	15
	10, 15, 20
	-92.3+ 10log10(NRB/50)

	
	30
	10, 15, 20
	-92.6+ 10log10(NRB/24)

	
	60
	10, 15, 20
	-93+ 10log10(NRB/11)

	n48
	15
	5, 10, 15, 20
	-96.5+ 10log10(NRB/25)

	
	30
	10, 15, 20
	-93.6+ 10log10(NRB/24)

	
	60
	10, 15, 20
	-94+ 10log10(NRB/11)

	n50
	15
	5, 10, 15, 20
	-97.5+ 10log10(NRB/25)

	
	30
	10, 15, 20
	-94.6+ 10log10(NRB/24)

	
	60
	10, 15, 20
	-95+ 10log10(NRB/11)

	n51
	15
	5
	-97.5

	n53
	15
	5, 10
	-97.5+ 10log10(NRB/25)

	
	30
	10
	-94.6

	
	60
	10
	-95

	n77
	15
	10, 15, 20
	-92.8+ 10log10(NRB/50)

	
	30
	10, 15, 20
	-93.1+ 10log10(NRB/24)

	
	60
	10, 15, 20
	-93.5+ 10log10(NRB/11)

	n78
	15
	10, 15, 20
	-93.3+ 10log10(NRB/50)

	
	30
	10, 15, 20, 25
	-93.6+ 10log10(NRB/24)

	
	60
	10, 15, 20
	-94+ 10log10(NRB/11)

	n79
	15
	10,20
	-87.1+ 10log10(NRB/216)

	
	30
	10,20
	-87.2+ 10log10(NRB/106)

	
	60
	10,20
	-87.4+ 10log10(NRB/51)

	n91
	15
	5
	-97.5

	n92
	15
	5,10,15,20
	-97.5+ 10log10(NRB/25)

	
	30
	10,15,20
	-94.6+ 10log10(NRB/24)

	n93
	15
	5
	-97.5

	n94
	15
	5,10,15,20
	-97.5+ 10log10(NRB/25)

	
	30
	10,15,20
	-94.6+ 10log10(NRB/24)



Table 3 Single antenna port reference sensitivity QPSK PREFSENS for HD-FDD bands
	Operating Band
	SCS 
kHz
	5
MHz 
(dBm)
	10 
MHz 
(dBm)
	15 
MHz
 (dBm)
	20 
MHz 
(dBm)

	n1
	15
	-98.3
	-95.1
	-93.3
	-92.1

	
	30
	
	-95.4
	-93.4
	-92.3

	
	60
	
	-95.8
	-93.7
	-92.5

	n2
	15
	-96.3
	-93.1
	-91.3
	-90.1

	
	30
	
	-93.4
	-91.4
	-90.3

	
	60
	
	-93.8
	-91.7
	-90.5

	n3
	15
	-95.3
	-92.1
	-90.3
	-89.1

	
	30
	
	-92.4
	-90.4
	-89.3

	
	60
	
	-92.8
	-90.7
	-89.5

	n5
	15
	-96.3
	-93.1
	-91.3
	-85.1

	
	30
	
	-93.4
	-91.4
	-86.9

	n7
	15
	-96.3
	-93.1
	-91.3
	-90.1

	
	30
	
	-93.4
	-91.4
	-90.3

	
	60
	
	-93.8
	-91.7
	-90.5

	n8
	15
	-95.3
	-92.1
	-89.7
	-84.1

	
	30
	
	-92.4
	-90
	-85.5

	n12
	15
	-95.3
	-92.1
	-82.3
	

	
	30
	
	-92.4
	-82.4
	

	n13
	15
	-95.3
	-92.1
	
	

	
	30
	
	-92.4
	
	

	n14
	15
	-95.3
	-92.1
	
	

	
	30
	
	-92.4
	
	

	n18
	15
	-98.3
	-95.1
	-93.3
	

	
	30
	
	-95.4
	-93.4
	

	n20
	15
	-95.3
	-92.1
	-89.3
	-88.1

	
	30
	
	-92.4
	-89.4
	-88.3

	n24
	15
	-98.3
	-95.1
	
	

	
	30
	
	-95.4
	
	

	
	60
	
	-95.8
	
	

	n25
	15
	-94.8
	-91.6
	-89.8
	-88.6

	
	30
	
	-91.9
	-89.9
	-88.8

	
	60
	
	-92.3
	-90.2
	-89

	n26
	15
	-95.86
	-92.86
	-91.06
	-85.9

	
	30
	
	-93.16
	-91.06
	-86

	n28
	15
	-96.8
	-93.8
	-91.8
	-89.1

	
	30
	
	-93.9
	-91.9
	-89.3

	n30
	15
	-97.3
	-94.1
	
	

	
	30
	
	-94.4
	
	

	n65
	15
	-97.8
	-94.6
	-92.8
	-91.6

	
	30
	
	-94.9
	-92.9
	-91.8

	
	60
	
	-95.3
	-93.2
	-92

	n66
	15
	-97.8
	-94.6
	-92.8
	-91.6

	
	30
	
	-94.9
	-92.9
	-91.8

	
	60
	
	-95.3
	-93.2
	-92

	n71
	15
	-95.5
	-92.3
	-89.9
	-84.3

	
	30
	
	-92.6
	-90.2
	-85.7

	n74
	15
	-97.83
	-94.63
	-92.83
	-87.63

	
	30
	
	-94.93
	-92.93
	-87.83

	
	60
	
	-95.33
	-93.23
	-87.93



Table 4 Single antenna port reference sensitivity QPSK PREFSENS for HD-FDD band with variable duplex operation bands
	Operating band
	SCS
kHz
	Channel bandwidth
 (MHz)
	REFSENS (dBm)

	n91
	15
	5
	-98.3

	n92
	15
	5,10,15,20
	-98.3+10log10(NRB/25)

	
	30
	10,15,20
	-95.4+10log10(NRB/24)

	n93
	15
	5
	-98.3

	n94
	15
	5,10,15,20
	-98.3+10log10(NRB/25)

	
	30
	10,15,20
	-95.4+10log10(NRB/24)



Table 5 Two antenna port reference sensitivity QPSK PREFSENS for HD-FDD bands
	Operating 
Band
	SCS 
kHz
	5
MHz 
(dBm)
	10 
MHz 
(dBm)
	15 
MHz 
(dBm)
	20 
MHz 
(dBm)

	n1
	15
	-100.8
	-97.6
	-95.8
	-94.6

	
	30
	
	-97.9
	-95.9
	-94.8

	
	60
	
	-98.3
	-96.2
	-95

	n2
	15
	-98.8
	-95.6
	-93.8
	-92.6

	
	30
	
	-95.9
	-93.9
	-92.8

	
	60
	
	-96.3
	-94.2
	-93

	n3
	15
	-97.8
	-94.6
	-92.8
	-91.6

	
	30
	
	-94.9
	-92.9
	-91.8

	
	60
	
	-95.3
	-93.2
	-92

	n5
	15
	-98.8
	-95.6
	-93.8
	-87.6

	
	30
	
	-95.9
	-93.9
	-89.4

	n7
	15
	-98.8
	-95.6
	-93.8
	-92.6

	
	30
	
	-95.9
	-93.9
	-92.8

	
	60
	
	-96.3
	-94.2
	-93

	n8
	15
	-97.8
	-94.6
	-92.2
	-86.6

	
	30
	
	-94.9
	-92.5
	-88

	n12
	15
	-97.8
	-94.6
	-84.8
	

	
	30
	
	-94.9
	-84.9
	

	n13
	15
	-97.8
	-94.6
	
	

	
	30
	
	-94.9
	
	

	n14
	15
	-97.8
	-94.6
	
	

	
	30
	
	-94.9
	
	

	n18
	15
	-100.8
	-97.6
	-95.8
	

	
	30
	
	-97.9
	-95.9
	

	n20
	15
	-97.8
	-94.6
	-91.8
	-90.6

	
	30
	
	-94.9
	-91.9
	-90.8

	n24
	15
	-100.8
	-97.6
	
	

	
	30
	
	-97.9
	
	

	
	60
	
	-98.3
	
	

	n25
	15
	-97.3
	-94.1
	-92.3
	-91.1

	
	30
	
	-94.4
	-92.4
	-91.3

	
	60
	
	-94.8
	-92.7
	-91.5

	n26
	15
	-98.3
	-95.3
	-93.5
	-88.4

	
	30
	
	-95.6
	-93.5
	-88.5

	n28
	15
	-99.3
	-96.3
	-94.3
	-91.6

	
	30
	
	-96.4
	-94.4
	-91.8

	n30
	15
	-99.8
	-96.6
	
	

	
	30
	
	-96.9
	
	

	n65
	15
	-100.3
	-97.1
	-95.3
	-94.1

	
	30
	
	-97.4
	-95.4
	-94.3

	
	60
	
	-97.8
	-95.7
	-94.5

	n66
	15
	-100.3
	-97.1
	-95.3
	-94.1

	
	30
	
	-97.4
	-95.4
	-94.3

	
	60
	
	-97.8
	-95.7
	-94.5

	n71
	15
	-98
	-94.8
	-92.4
	-86.8

	
	30
	
	-95.1
	-92.7
	-88.2

	n74
	15
	-100.3
	-97.1
	-95.3
	-90.1

	
	30
	
	-97.4
	-95.4
	-90.3

	
	60
	
	-97.8
	-95.7
	-90.4




Table 6 Two antenna ports reference sensitivity QPSK PREFSENS for HD-FDD band with variable duplex operation bands
	Operating band
	SCS
kHz
	Channel bandwidth 
(MHz)
	REFSENS (dBm)

	n91
	15
	5
	-100.8

	n92
	15
	5,10,15,20
	-100.8+10log10(NRB/25)

	
	30
	10,15,20
	-97.9+10log10(NRB/24)

	n93
	15
	5
	-100.8

	n94
	15
	5,10,15,20
	-100.8+10log10(NRB/25)

	
	30
	10,15,20
	-97.9+10log10(NRB/24)



