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1. Introduction
In last RAN4 meeting, the signalling characteristics requirement for RedCap has been discussed and the conclusions were captured in the WF[1]. 
In this contribution, we further discuss the signalling characteristics requirement for RedCap reduced capability.
2. Signalling characteristics requirement for RedCap reduced capability
The open issues for RLM/BFD/CBD were:
	RLM
Requirements for 60 kHz SCS for CSI-RS based RLM in FR1
RAN4 to not introduce requirements for 60 kHz SCS in FR1 for RedCap RLM requirements.
SSB-based RLM : evaluation period for Qout
· Option 1: No need to extend the Qout evaluation period for RLM
· Option 2: The measurement period of SSB based SINR is extended by factor N to guarantee accuracy for RLM Qout for RedCap UE with 1 Rx, where N is FFS (N>1).
· The evaluation period of SSB based SINR is not extended for RLM Qout for RedCap UE with 2 Rx.
SSB-based RLM : evaluation period for Qin
· Option 1: No need to extend the Qin evaluation period for RLM
· Option 2: The measurement period of SSB based SINR is extended by factor M to guarantee accuracy for RLM Qin for RedCap UE with 1 Rx, where M is FFS (M>1).
· The evaluation period of SSB based SINR is not extended for RLM Qin for RedCap UE with 2 Rx.
CSI-RS-based RLM : evaluation period for Qout
· Option 1: No need to extend the Qout evaluation period for RLM
· Option 2: The measurement period of CSI-RS based SINR is extended by factor N to guarantee accuracy for RLM Qout for RedCap UE with 1 Rx, where N is FFS (N ≥ 1.0).
· The evaluation period of CSI-RS based SINR is not extended for RLM Qout for RedCap UE with 2 Rx.
CSI-RS-based RLM : evaluation period for Qin
· Option 1: No need to extend the Qin evaluation period for RLM
· Option 2: The measurement period of CSI-RS based SINR is extended by factor M to guarantee accuracy for RLM Qin for RedCap UE with 1 Rx, where M is FFS (M ≥ 1).
· The evaluation period of CSI-RS based SINR is not extended for RLM Qin for RedCap UE with 2 Rx.
Enhancements to hypothetical PDCCH parameters for RLM
Companies are encouraged to provide PDCCH simulation results according to R4-2120386.
Condition for RLM for HD-FDD UE
· Option 1 (Apple, HW, vivo): For each RLM-RS in RLM requirement, at least 1 sample must fall with DL occasion within an indication period.
· Option 2 (MTK, E///, CMCC, HW, vivo, QC):	At least 1 RLM-RS must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
· Option 2a (E///): For each RLM-RS configuration, at least one RLM-RS sample must fall with DL occasion within an indication period. The indication period is defined as max(10ms, TRLM-RS,M), where TRLM-RS,M is the shortest periodicity of all the configured RLM resources.
BFD
Requirements for 60 kHz SCS for CSI-RS based BFD in FR1
RAN4 to not introduce requirements for 60 kHz SCS in FR1 for RedCap BFD requirements.
Condition for BFD for HD-FDD UE
[bookmark: _Hlk87138727]Reuse the corresponding agreement from RLM. 
Enhancements to hypothetical PDCCH parameters for RLM
Companies are encouraged to provide PDCCH simulation results according to R4-2120386.
SSB-based based BFD: evaluation period
· Option 1 (Apple, vivo, HW, E///, CMCC): No need to extend the evaluation period for BFD
· Option 2 (E///, QC): 	Set SSB based BFD evaluation period based on 10 samples for 1Rx UE.
CSI-RS-based BFD: evaluation period
· Option 1 (Apple, vivo, HW, E///): No need to extend the evaluation period for BFD
· Option 2 (E///, QC): 	Set CSI-RS based BFD evaluation period based on 20 samples for 1Rx UE.

CBD
Requirements for 60 kHz SCS for CSI-RS based L1-RSRP in FR1
RAN4 to not introduce requirements for 60 kHz SCS in FR1 for RedCap CBD including L1-RSRP measurement requirements.
SSB-based CBD: evaluation period
· Option 1 (Apple, E///, CMCC, vivo, QC): No need to extend the evaluation period for CBD
· Option 2 (E///): Set SSB based CBD evaluation period based on 5 samples for 1Rx UE.
CSI-based CBD: evaluation period
· Option 1 (Apple, E///, CMCC, vivo): No need to extend the evaluation period for CBD
· Option 2 (E///): Set CSI-RS based CBD evaluation period based on 5 samples for 1Rx UE.  
CBD for HD-FDD UE
· Option 1 (Apple, QC, vivo, E///): CBD evaluation is always prioritized over the UL transmission of HD-FDD for RedCap.
· Option 2 (MTK): Follow corresponding agreement from RLM. 



2.1 Evaluation period for RLM/BFD/CBD
The legacy NR RLM/BFD/CBD requirement is designed based on 2Rx assumption at UE, and when 1Rx is used for RedCap UE, RLM/BFD/CBD requirements need to be revisited.
	RLM
	· Hypothetical PDCCH transmission parameter: Ratio of hypothetical PDCCH RE/DMRS energy to average SSS/CSI-RS RE energy need to be revisited due to 1Rx.
· the SNR1/2/3/4/5 threshold setup in TCs need to be revisited due to 1Rx.

	Beam management (BFD/CBD)
	BFD:
· Hypothetical PDCCH transmission parameter: Ratio of hypothetical PDCCH RE/DMRS energy to average SSS/CSI-RS RE energy need to be revisited due to 1Rx.
· the SNR1/2/3 threshold setup in TCs need to be revisited due to 1Rx

CBD:
· No need to revisit evaluation period due to 1Rx. (Using 1Rx is to save power for redcap, but extension of evolution period would defeat such power saving benefit.)
· The margin of L1-RSRP setup in CBD TC shall be revisited due to 1Rx 



However, as we assumed for LTE cat-1bis UE, the OOS/IS evaluation period shall not be extended further for 1Rx case. In SSB based SINR accuracy simulation with 10/15/20 samples for 15kHz as below (simulation assumption R4-2115360), we didn’t see big difference (≤1dB) to extend the sample number even with low SINR condition as -15dB. The CSI-RS case is also similar as SSB case based on previous evaluation in R15.
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Figure 1. SSB based SINR accuracy with 10 samples under -15dB (1Rx)
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Figure 2. SSB based SINR accuracy with 15 samples under -15dB (1Rx)
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Figure 3. SSB based SINR accuracy with 20 samples under -15dB (1Rx)

So, based on the above analysis, we propose,
Proposal 1: No need to extend the OOS/IS evaluation period for SSB based and CSI-RS based RLM in both FR1 and FR2.
Proposal 2: No need to extend the evaluation period for SSB based and CSI-RS based BFD in both FR1 and FR2.
Proposal 3: No need to extend the evaluation period for SSB based and CSI-RS based CBD in both FR1 and FR2. 
2.2 RLM/BFD/CBD for HD-FDD UE
RAN4 needs to discuss, when RRM DL measurement is colliding with UL transmission due to HD-FDD, which one shall be prioritized. RAN1 agreed that “For Case 5 of SSB overlaps with in configured UL transmission, re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission”. In our understanding, the same principle for scheduling restriction in TDD band on FR1 could be reused for HD-FDD case (as following), i.e., RRM DL measurement is prioritized over the UL transmission of HD-FDD. 
The discussion in last meeting was,
	Condition for RLM for HD-FDD UE
· Option 1 (Apple, HW, vivo): For each RLM-RS in RLM requirement, at least 1 sample must fall with DL occasion within an indication period.
· Option 2 (MTK, E///, CMCC, HW, vivo, QC):	At least 1 RLM-RS must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
· Option 2a (E///): For each RLM-RS configuration, at least one RLM-RS sample must fall with DL occasion within an indication period. The indication period is defined as max(10ms, TRLM-RS,M), where TRLM-RS,M is the shortest periodicity of all the configured RLM resources.



In order to consider the solutions from other companies, we can compromise to define such side condition for RLM/BFD requirement applicability. However, for CBD, probably the BF has already occurred, we think it’s more important to recover the beam as soon as possible rather than UL transmission, thus, we propose to prioritize CBD-RS always over UL in case of HD-FDD. 
But options in last meeting are not very clear: 1 RLM-RS could be understood as 1 sample of a specific RLM-RS or could be 1 RLM-RS among multiple RLM-RSs associated with multiple OOS/IS evaluation processes. Our understanding is: For each RLM-RS in RLM requirement, at least 1 sample must fall with DL occasion within an indication period.
Proposal 4: CBD evaluation is always prioritized over the UL transmission of HD-FDD for RedCap.
Proposal 5: Support adding the following condition for the evaluation period of NR RLM requirement for HD-FDD: 
For each RLM-RS in RLM requirement, at least 1 sample must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
Proposal 6: Support adding the following condition for the evaluation period of NR BFD requirement for HD-FDD:
For each BFD-RS in BFD requirement, at least 1 sample must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for BFD resources and 10 msec.
2.3 SSB based and CSI-RSRP based L1-RSRP measurement 
The remaining issues for L1-RSRP measurement are:
	SSB-based L1-RSRP: measurement period without measurement restriction
For RedCap UE with 1RX SSB-based L1-RSRP measurement period can be unchanged for FR1 and FFS for FR2.
CSI-RS based L1-RSRP (excluding 60 kHz SCS): measurement period without measurement restriction
[bookmark: _Hlk87511672]For RedCap UE with 1RX CSI-RS based L1-RSRP measurement period can be unchanged for FR1 and FFS for FR2

SSB-based L1-RSRP: accuracy without measurement restriction
RAN4 to discuss the SSB based L1-RSRP accuracy without measurement restriction (i.e., 1 sample) based on the simulation results.
CSI-RS based L1-RSRP (excluding 60 kHz SCS): accuracy without measurement restriction
· Option 1 (E///): Relax the CSI-RS based L1-RSRP measurement accuracy requirements for 1Rx by:
· 0.5dB for FR1 
· 1.0dB for FR2.
· Option 2 (HW): Relax the accuracy requirements by 2 dB. 
· Option 3 (vivo): Accuracy requirements are reused.
SSB-based L1-RSRP (excluding 60 kHz SCS): accuracy with measurement restriction
· Option 1 (vivo): Relax the accuracy requirements by 2 dB.
CSI-RS based L1-RSRP (excluding 60 kHz SCS): accuracy with measurement restriction
· Option 1 (vivo): Relax the accuracy requirements by 2 dB.



Regarding the CSI-RS/SSB based L1-RSRP measurement delay, we think one shot is a baseline assumption for such beam measurement requirement in R15, so we propose to not change the CSI-RS/SSB based L1-RSRP measurement delay requirement for both FR1 and FR2. However, the L1-RSRP measurement accuracy needs to be revisited.
Proposal 7: For RedCap UE with 1Rx, SSB-based L1-RSRP measurement period can be unchanged for both FR1 and FR2.
Proposal 8: For RedCap UE with 1Rx, CSI-RS-based L1-RSRP measurement period can be unchanged for both FR1 and FR2.
Regarding L1-RSRP measurement accuracy, we need to first clarify one point that: even though in L1-RSRP delay requirement we have different sample number according to whether higher layer parameter timeRestrictionForChannelMeasurement is configured or not, the accuracy requirement shall be defined based on the single sample. In previous agreed WF (R4-1902565) of R15, it was agreed that,
· For measurement accuracy, 
· The accuracy is defined based on the single sample.
Thus, we propose:
Proposal 9: The SSB-based and CSI-RS-based L1-RSRP measurement accuracy of RedCap UE is defined based on the single sample for both FR1 and FR2.
Based on the simulation assumption in R4-2115362, we perform the LLS on SSB based L1-RSRP with 1 sample under SNR=-3dB for both 1Rx and 2Rx, duplicated as followings.
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Comparing the simulation results between 1Rx and 2Rx, we can observe that:
Delta = 2.6dB for FR1 (RSRP error for 1Rx is 4.6dB and for 2Rx is 1.8dB)
Delta = 0.8dB for FR2 (RSRP error for 1Rx is 2.4dB and for 2Rx is 1.6dB)
Like L3 RSRP intra-frequency measurement accuracy, the legacy FR1 L1- RSRP measurement accuracy consider 1.5dB RF margin reduction to achieve +/-5dB accuracy, but this RF enhancement gain shall not be applied to RedCap UE with 1Rx, like in LTE cat-1bis.
Proposal 10: legacy 1.5dB RF margin reduction shall not be considered in SSB-based and CSI-RS-based L1-RSRP accuracy requirement for the normal condition with max Io=-70dBm for RedCap FR1.
Proposal 11: the baseline SSB-based and CSI-RS-based L1-RSRP measurement accuracy requirement shall be defined:
· For FR1 RedCap with 1Rx
· Relax the current absolute L1-RSRP accuracy of +/-5dB to +/-9.5dB for normal condition with max Io=-70dBm, and relax the other absolute accuracy by 3dB  
· Relax the relative L1-RSRP accuracy by 3dB
· For FR2 RedCap with 1Rx
· Relax the current absolute and relative accuracy by 1dB
3. Conclusion
In this contribution, we further discuss the signalling characteristics requirement for RedCap reduced capability.

Proposal 1: No need to extend the OOS/IS evaluation period for SSB based and CSI-RS based RLM in both FR1 and FR2.
Proposal 2: No need to extend the evaluation period for SSB based and CSI-RS based BFD in both FR1 and FR2.
Proposal 3: No need to extend the evaluation period for SSB based and CSI-RS based CBD in both FR1 and FR2. 
Proposal 4: CBD evaluation is always prioritized over the UL transmission of HD-FDD for RedCap.
Proposal 5: Support adding the following condition for the evaluation period of NR RLM requirement for HD-FDD: 
For each RLM-RS in RLM requirement, at least 1 sample must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
Proposal 6: Support adding the following condition for the evaluation period of NR BFD requirement for HD-FDD:
For each BFD-RS in BFD requirement, at least 1 sample must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for BFD resources and 10 msec.
Proposal 7: For RedCap UE with 1Rx, SSB-based L1-RSRP measurement period can be unchanged for both FR1 and FR2.
Proposal 8: For RedCap UE with 1Rx, CSI-RS-based L1-RSRP measurement period can be unchanged for both FR1 and FR2.
Proposal 9: The SSB-based and CSI-RS-based L1-RSRP measurement accuracy of RedCap UE is defined based on the single sample for both FR1 and FR2.
Proposal 10: legacy 1.5dB RF margin reduction shall not be considered in SSB-based and CSI-RS-based L1-RSRP accuracy requirement for the normal condition with max Io=-70dBm for RedCap FR1.
Proposal 11: the baseline SSB-based and CSI-RS-based L1-RSRP measurement accuracy requirement shall be defined:
· For FR1 RedCap with 1Rx
· Relax the current absolute L1-RSRP accuracy of +/-5dB to +/-9.5dB for normal condition with max Io=-70dBm, and relax the other absolute accuracy by 3dB  
· Relax the relative L1-RSRP accuracy by 3dB
· For FR2 RedCap with 1Rx
· Relax the current absolute and relative accuracy by 1dB
References
[1] R4-2120418, WF on RedCap RRM requirements, Ericsson, RAN4 #101e

image3.jpg
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

SINR accuracy 15kHz with 20 samples

s Static-15KHz

TDLA-15kHz
TDLB-15kHz

TDLC-15kHz

4 6
SINR error (dB)

12




image4.jpeg
RSRP accuracy 15kHz with 1 samples and 1Rx
T T

RSRP error (dB)

15

Static-15KHz
——— TDLA-15kHz
———— TDLB-15kHz
TDLC-15kHz

20

2




image5.jpeg
CDF

RSRP accuracy 15kHz with 1 samples and 2Rx

Static-15KHz
——— TDLA-15kHz
osl - TDLB-15kHz
——— TDLC-15kHz

08

07~ |

06

05— -

04

03~ +

02

10 5 0 5 10 15
RSRP error (dB)




image6.jpg
CDF

RSRP accuracy 120kHz with 1 samples and 1Rx

-15 -10 -5 0 5 10
RSRP error (dB)




image7.jpg
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

RSRP accuracy 120kHz with 1 samples and 2Rx

0
RSRP error (dB)





image1.jpg
SINR accuracy 15kHz with 10 samples

s Static-15KHz
s TDLA-15kHz
TDLB-15kHz
TDLC-15kHz

CDF

0.3

0.2

0.1

4 6 8
SINR error (dB)

16




image2.jpg
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

SINR accuracy 15kHz with 15 samples

s Static-15KHz

s TDLA-15kHz
TDLB-15kHz

TDLC-15kHz

2 4 6 8
SINR error (dB)

14




