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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. The RAN4 related objectives are copied below:

· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:

· 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.
· 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.
· 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.
· 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.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
The impact of various complexity reduction techniques on the RRM requirements was discussed at RAN4 101e meeting and some agreements were achieved. In this contribution we provide our further considerations on the impact for signalling characteristics of Redcap.

2. Discussion
2.1 Impact on radio link monitor requirements and BFD
Regarding impact on RLM and BFD requirements, the following agreements and open issues were available at [2]:
Updates to RLM performance metric

No consensus to change or update the already agreed simulation assumptions using a threshold to decide whether to extend RLM evaluation period. RAN4 to use the the agreed simulation assumption as the baseline.
Whether to use a threshold to decide whether to extend RLM evaluation period

No consensus to change or update the already agreed simulation assumptions using a threshold to decide whether to extend RLM evaluation period. RAN4 to use the agreed simulation assumption as the baseline.
Condition for RLM for HD-FDD UE

For each RLM-RS configuration, at least one RLM-RS sample must fall with DL occasion within an indication period. 

· When DRX is not used, indication period is max(10ms, TRLM-RS,M), where TRLM,M is the shortest periodicity of all configured RLM-RS resources for the monitored cell.

· In case DRX is used, indication period is Max(10ms, 1.5 × DRX_cycle_length, 1.5 × TRLM-RS,M)) if DRX cycle_length is less than or equal to 320ms, and indication period is DRX_cycle_length if DRX cycle_length is greater than 320ms. 

SSB-based RLM : evaluation period for Qout and Qin
· Double the evaluation period for Qout 

· keep the legacy evaluation period for Qin

· Further discuss in performance part to relax test case SINR by X db to compensate for loss in SINR accuracy, where X is TBD.
CSI-RS-based RLM : evaluation period for Qout and Qin

Follow the agreement from corresponding issue for SSB-based RLM evaluation period. 

Whether to extend the lower bound in RLM evaluation period: 

· lower bound in RLM evaluation period is extended.

Enhancements to hypothetical PDCCH parameters for SSB based- and CSI-RS based RLM Qout

· For RedCap UE with 1 Rx, for coverage compensation:

· CCE is changed from 8 to 16 and
· BW to 48 PRBs
Enhancements to hypothetical PDCCH parameters for SSB based and CSI-RS based RLM Qin

· For RedCap UE with 1 Rx, for coverage compensation:

· CCE is changed from 4 to 8 

· BW to 48 PRBs

Updates to BFD performance metric

Follow the corresponding agreement from RLM.
Enhancements to hypothetical PDCCH parameters for SSB based BFD evaluation

Follow the corresponding agreement from RLM.
Enhancements to hypothetical PDCCH parameters for CSI-RS based BFD evaluation

Follow the corresponding agreement from RLM.
Whether to extend the lower bound in BFD evaluation period

· lower bound in BFD evaluation period is extended.

Condition for BFD for HD-FDD UE

When DRX is not used, TIndication_interval_BFD is max(2ms, TSSB-RS,M) ) or max(2ms, TCSI-RS,M), where TSSB-RS,M and TCSI-RS,M is the shortest periodicity of all RS resources in set 
[image: image1.wmf]0

q

 for the accessed cell, corresponding to either the shortest periodicity of the SSB  in the set 
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When DRX is used, for SSB based link quality measurement,

-
TIndication_interval_BFD = Max(1.5 × DRX_cycle_length, 1.5 × TSSB-RS,M), if DRX_cycle_length ≤ 320ms,

-
TIndication_interval_BFD = DRX_cycle_length, if DRX_cycle_length > 320ms.

When DRX is used, for CSI-RS based link quality measurement,

-
TIndication_interval_BFD = Max(1.5 × DRX_cycle_length, 1.5 × TCSI-RS,M), if DRX_cycle_length ≤ 320ms,

-
TIndication_interval_BFD = DRX_cycle_length, if DRX_cycle_length > 320ms.
If lower bound is extended for RLM evaluation period, how much to extend: 

· Option 1 (MTK): By factor 2
For this issue, option 1 is ok. 

Proposal 1: The lower bound extension for RLM is by a factor of 2. 
SSB-based based BFD: evaluation period

· Option 1 (Apple, vivo, Oppo, HW, E///, QC): No need to extend the evaluation period for BFD in FR1 and FR2.

· Option 2 (MTK): Follow the agreements from RLM.

CSI-RS-based BFD: evaluation period

· Option 1 (Apple, vivo, Oppo, HW, E///, QC): No need to extend the evaluation period for BFD for FR1 and FR2.
· Option 2 (MTK): Follow the agreements from RLM.
Regarding these two issues, our simulation results were provided at [3],[4]. In [3], we observe that the required SINR is about is -7dB for BFD respectively when 2Rx is used. We understand that based on agreements on CCE increasing, the required SINR for 1Rx can also be kept at the same value as 2Rx. Meanwhile we got the below observations from [4].

	Observation 1：When the sample number is 5, the delta SS-SINR can be guaranteed within ±2dB if the target SINR is less than -7dB when 1Rx is used.

Observation 2：When the sample number is 10, the delta SS-SINR can be guaranteed within ±2dB if the target SINR is less than -9dB when 1Rx is used.

Observation 3：When the sample number is 20, the delta SS-SINR can be guaranteed within ±2dB if the target SINR is less than -12dB when 1Rx is used.

Observation 4：When the sample number is 5, the delta CSI-SINR can be guaranteed within ±2dB if the target SINR is less than -5dB when 1Rx is used.

Observation 5：When the sample number is 10, the delta CSI -SINR can be guaranteed within ±2dB if the target SINR is less than -8dB when 1Rx is used.

Observation 6：When the sample number is 20, the delta CSI -SINR can be guaranteed within ±2dB if the target SINR is less than -11dB when 1Rx is used.


The measurement accuracy of SS-SINR can be guaranteed within 2dB for BFD if the sample number is 5 which is same as the legacy sample number. This is due to that the target SINR is high enough and only a small number of samples are needed to meet measurement accuracy, even in the case of a single antenna.

Observation 1: The measurement accuracy of SS-SINR can be guaranteed within ±2dB for BFD if the sample number is 5 when 1 Rx is used.
In addition, from the simulation results, it can be seen CSI-SINR measurement accuracy can be guaranteed within 2dB for BFD if reusing the legacy sample number (i.e., 10 samples for BFD). 

Observation 2: The measurement accuracy of CSI-SINR can be guaranteed within ±2dB for BFD if reusing the legacy sample number when 1 Rx is used. 
Proposal 2: Regarding remaining issues for BFD evaluation period, the measurement period of SS-SINR for legacy UE can be reused for BFD when 1 Rx is used, i.e., option 1. The measurement period of CSI-SINR for legacy UE can be reused for BFD when 1 Rx is used, i.e., option 1. 
2.2 CBD including L1-RSRP measurements
Agreements:
SSB based and CSI-RS based L1-RSRP: accuracy with measurement restriction

L1-RSRP measurement accuracy of RedCap UE is defined based on the single sample for both FR1 and FR2.
CSI-RS based L1-RSRP: relative accuracy with measurement restriction in FR1

Relax the relative L1-RSRP accuracy by 3dB
SSB-based CBD: evaluation period 

· For RedCap UE with 1Rx, SSB-based L1-RSRP measurement period can be unchanged for both FR1. 
· It is FFS for FR2.
CSI-based CBD: evaluation period 

· For RedCap UE with 1Rx, CSI-RS-based L1-RSRP measurement period can be unchanged for both FR1. 

· It is FFS for FR2.

CBD for HD-FDD UE

· CBD evaluation is always prioritized over the UL transmission of HD-FDD for RedCap.
Open issues:

SSB-based L1-RSRP: absolute accuracy with measurement restriction in FR1

· Option 3 (HW, E///, vivo, Apple, MTK):

· relaxed by 3 dB when 1Rx is used compared with the legacy UE.
· Option 2 (Nokia, E///):

· relaxed by 2.5dB when 1Rx is used compared with the legacy UE.
SSB-based L1-RSRP: relative accuracy with measurement restriction in FR1

· Option 1 (Apple, HW, E///):

· Relax the relative L1-RSRP accuracy by 3dB
· Option 2 (MTK):

· Relaxed by 2 dB when 1Rx is used compared with the legacy UE.
SSB-based L1-RSRP: absolute accuracy with measurement restriction in FR2

· Option 2 (vivo, E///, Apple, Nokia):

· Relaxed by 2 dB when 1Rx is used compared with the legacy UE.
· Option 3 (HW, E///, vivo, Nokia, Apple, MTK):

· relaxed by 3 dB when 1Rx is used compared with the legacy UE.
SSB-based L1-RSRP: relative accuracy with measurement restriction in FR2

· Option 1 (Apple, E///, Nokia):

· Relax the current relative accuracy by 1dB
· Option 2 (HW):

· Relaxation by more than 1dB
· Option 3 (MTK):

· Relaxed by 2 dB when 1Rx is used compared with the legacy UE.

CSI-RS based L1-RSRP: absolute accuracy with measurement restriction in FR1

· Option 3 (HW, E///, vivo, Nokia, Apple, MTK):

· relaxed by 3 dB when 1Rx is used compared with the legacy UE.
Note: Although there is consensus on the exact value, the decision is postponed due to request from 1 company.

CSI-RS based L1-RSRP: absolute accuracy with measurement restriction in FR2

· Option 2 (vivo, Apple, Ericsson, Nokia):

· Relaxed by 2 dB when 1Rx is used compared with the legacy UE.
· Option 3 (HW, MTK):

· relaxed by 3 dB when 1Rx is used compared with the legacy UE.
CSI-RS based L1-RSRP: relative accuracy with measurement restriction in FR2

· Option 1 (Apple, E///, Nokia):

· Relax the current relative accuracy by 1dB
· Option 2 (HW):

· Relaxation by more than 1dB
· Option 2a (MTK): 
· Relaxed by 2 dB when 1Rx is used compared with the legacy UE.
We performed the simulation for SSB and CSI-RS based on L1-RSRP, the results are shown as below:

Table 1: SSB based on L1-RSRP for FR1

	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =15kHz
	SCS =30kHz

	
	
	1Rx
	2Rx
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-1.86
	-0.01
	1.34
	-0.78
	0.46
	1.58
	-1.89
	-0.02
	1.34
	-0.80
	0.46
	1.60

	
	3
	-1.00
	0.00
	0.84
	-0.45
	0.28
	0.96
	-1.00
	-0.01
	0.83
	-0.47
	0.27
	0.97

	TDL-A
	1
	-4.23
	0.04
	3.30
	-1.75
	0.05
	1.71
	-4.19
	-0.02
	2.56
	-1.78
	0.05
	1.64

	
	3
	-1.40
	0.00
	1.04
	-0.87
	0.03
	0.82
	-1.40
	-0.04
	1.03
	-0.88
	0.03
	0.80

	TDL-B
	1
	-4.15
	-0.01
	2.38
	-1.66
	0.05
	1.59
	-3.71
	-0.03
	2.09
	-1.61
	0.06
	1.50

	
	3
	-1.31
	0.00
	1.02
	-0.88
	0.03
	0.79
	-1.29
	-0.02
	0.93
	-0.83
	0.03
	0.80

	TDL-C
	1
	-3.28
	-0.02
	2.00
	-1.54
	0.07
	1.47
	-2.90
	-0.03
	1.80
	-1.50
	0.05
	1.45

	
	3
	-1.21
	-0.02
	0.93
	-0.80
	0.05
	0.84
	-1.12
	-0.01
	0.91
	-0.76
	0.03
	0.81


Table 2: SSB based on L1-RSRP for FR2
	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =120kHz

	
	
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-1.83
	-0.02
	1.37
	-0.81
	0.47
	1.60

	
	3
	-0.95
	-0.01
	0.83
	-0.44
	0.28
	0.97

	TDL-A
	1
	-3.27
	-0.02
	1.91
	-1.56
	0.03
	1.43

	
	3
	-1.25
	-0.01
	0.94
	-0.80
	0.03
	0.80


Table 3: CSI-RS based on L1-RSRP for FR1

	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =15kHz
	SCS =30kHz

	
	
	1Rx
	2Rx
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-1.77 
	-0.04 
	1.28 
	-0.75
	0.44
	1.51
	-1.78 
	-0.04 
	1.29 
	-0.75
	0.44
	1.51

	
	3
	-0.97 
	-0.02 
	0.77 
	-0.40
	0.27
	0.92
	-0.93 
	-0.02 
	0.77 
	-0.41
	0.26
	0.92

	TDL-A
	1
	-3.64 
	0.00 
	2.22 
	-1.55
	0.04
	1.44
	-3.01 
	-0.01 
	1.84 
	-1.45
	0.06
	1.39

	
	3
	-1.21 
	-0.03 
	0.94 
	-0.79
	0.02
	0.78
	-1.13 
	-0.01 
	0.90 
	-0.75
	0.02
	0.78

	TDL-B
	1
	-2.56 
	-0.02 
	1.63 
	-1.37
	0.05
	1.33
	-2.40 
	-0.03 
	1.58 
	-1.30
	0.06
	1.30

	
	3
	-0.99 
	-0.01 
	0.84 
	-0.78
	0.03
	0.76
	-1.07 
	-0.01 
	0.84 
	-0.75
	0.03
	0.77

	TDL-C
	1
	-2.29 
	-0.02 
	1.56 
	-1.30
	0.06
	1.32
	-2.24 
	-0.03 
	1.58 
	-1.31
	0.07
	1.34

	
	3
	-0.98 
	-0.01 
	0.87 
	-0.76
	0.03
	0.74
	-0.97 
	-0.01 
	0.85 
	-0.72
	0.07
	0.77


Table 4: CSI-RS based on L1-RSRP for FR2
	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =120kHz

	
	
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-1.75 
	-0.02 
	1.28 
	-0.74
	0.45
	1.51

	
	3
	-0.92 
	-0.01 
	0.82 
	-0.41
	0.26
	0.90

	TDL-A
	1
	-2.59 
	-0.02 
	1.65 
	-1.37
	0.07
	1.37

	
	3
	-1.09 
	-0.01 
	0.84 
	-0.75
	0.05
	0.76


According the simulation results, it can be observed that the SSB and CSI-RS based on L1-RSRP measurement accuracy for one sample needs to be relaxed about 2.5dB and 2dB when 1Rx is used compared with the legacy UE for FR1 and FR2 respectively. 

Therefore, for absolute accuracy in FR1 for SSB-based L1-RSRP, we are OK with Option 3 and Option 2. For absolute accuracy in FR2 for SSB-based L1-RRP, we are OK with Option 2 and Option 3. For absolute accuracy in FR1 for CSI-RS based L1-RSRP, Support Option 3. For absolute accuracy in FR2 for CSI-RS based L1-RSRP, Support Option 2.
Proposal 3: For absolute accuracy in FR1 for SSB-based L1-RSRP, we support to relax 2.5dB or 3dB, i.e., Option 3 and Option 2. For absolute accuracy in FR2 for SSB-based L1-RRP, we support to relax 2dB or 3dB, i.e., Option 2 and Option 3. 
For absolute accuracy in FR1 for CSI-RS based L1-RSRP, we support to relax 3dB, i.e., Option 3. For absolute accuracy in FR2 for CSI-RS based L1-RSRP, we support to relax 2dB, i.e., Option 2.
2.3 BWP switching
Regarding BWP switching, the following open issues were achieved at RAN4 101 bis-e meeting:
New BWP switching delay when only center-frequency is changed in Rel-17
· Option 1 (CMCC, E///, HW, Nokia):  Define new BWP switching delay involving only changing of the center-frequency of the BWP without changing its BW, SCS or any other parameter for RF retuning as follows:

	Frequency Range
	Type 1 Delay (us)
	Type 2 Delay (us)

	1
	200
	1050

	2
	200
	1050


· Option 2 (Xiaomi, vivo, Oppo, ZTE, MTK, QC, Apple): RAN4 to reuse the legacy BWP switching delay for RedCap UE in Rel-17.
This topic has been discussed for a few meetings and requirements for fast BWP switching is not very convincible when other parameters are not changed except for center-frequency. In Rel-16 same BWP switching is used when only the MIMO layer configuration is changed. 
Proposal 4: Support option 2 for this issue, i.e., RAN4 to reuse the legacy BWP switching delay for RedCap UE in Rel-17.

2.5 Active TCI state switching and UL spatial relation switch delay
Regarding BWP switching, the following open issues were achieved at RAN4 101 bis-e meeting:

For Rel-17 TCI state switch delay requirements

· Option 1 (E///):

· For MAC-CE based TCI state switch delay with target TCI unknown: outcome of L1-RSRP delay requirements from CBD evaluation requirements is reused.

· For RRC-based TCI state switch delay with target TCI unknown: outcome of L1-RSRP delay requirements from CBD evaluation requirements is reused.

· Option 2 (HW, vivo): 

· Legacy requirements are reused.
For FR2, only when the TCI state is unknown, the requirements could be based on new L1-RSRP measurement requirements. When TCI state is known for FR2, the corresponding MAC-CE and RRC based Rel-15 requirements can be reused. We understand that the L1-RSRP delay requirements from CBD evaluation is no need to change and the accuracy requirements need to be relaxed for 1Rx. Therefore, the legacy TCI state switching can be reused for RedCap UE.
Proposal 5: Support to reuse the legacy requirements for MAC-CE and RRC based TCI state switch delay with target TCI unknown when 1Rx is used.
UL spatial relation switch delay
· Option 1 (E///, HW):

· For MAC-CE based spatial relation switch delay with target spatial relation associated with DL RS is unknown: outcome of L1-RSRP delay requirements from CBD evaluation requirements is reused.
· For RRC-based spatial switch delay with target spatial relation associated to DL RS is unknown: outcome of L1-RSRP delay requirements from CBD evaluation requirements is reused.

We understand that the L1-RSRP delay requirements from CBD evaluation is no need to change and the accuracy requirements need to be relaxed for 1Rx. Therefore, the legacy TCI state switching can be reused for RedCap UE.
Proposal 6: Support to reuse the legacy requirements for MAC-CE and RRC-based spatial relation switch delay with target spatial relation associated with DL RS is unknown when 1Rx is used.
3. Conclusion
In this contribution, we provide our considerations on signalling characteristics for Redcap and have the following proposal:
Observation 1: The measurement accuracy of SS-SINR can be guaranteed within ±2dB for BFD if the sample number is 5 when 1 Rx is used.
Observation 2: The measurement accuracy of CSI-SINR can be guaranteed within ±2dB for BFD if reusing the legacy sample number when 1 Rx is used. 
Proposal 1: The lower bound extension for RLM is by a factor of 2. 
Proposal 2: Regarding remaining issues for BFD evaluation period, the measurement period of SS-SINR for legacy UE can be reused for BFD when 1 Rx is used, i.e., option 1. The measurement period of CSI-SINR for legacy UE can be reused for BFD when 1 Rx is used, i.e., option 1. 
Proposal 3: For absolute accuracy in FR1 for SSB-based L1-RSRP, we support to relax 2.5dB or 3dB, i.e., Option 3 and Option 2. For absolute accuracy in FR2 for SSB-based L1-RRP, we support to relax 2dB or 3dB, i.e., Option 2 and Option 3. 
For absolute accuracy in FR1 for CSI-RS based L1-RSRP, we support to relax 3dB, i.e., Option 3. For absolute accuracy in FR2 for CSI-RS based L1-RSRP, we support to relax 2dB, i.e., Option 2.
Proposal 4: Support option 2 for this issue, i.e., RAN4 to reuse the legacy BWP switching delay for RedCap UE in Rel-17.

Proposal 5: Support to reuse the legacy requirements for MAC-CE and RRC based TCI state switch delay with target TCI unknown when 1Rx is used.
Proposal 6: Support to reuse the legacy requirements for MAC-CE and RRC-based spatial relation switch delay with target spatial relation associated with DL RS is unknown when 1Rx is used.
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