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Introduction
In RAN#90e meeting, a Rel-17 work item for support of reduced capability NR devices was approved and the WID was further updated in RAN#92e [1]. One of the key objectives of the work-item is to provide support for UE complexity reduction features. In the previous RAN4 meetings, it was agreed that reduced minimum number of Rx branches is one such UE complexity reduction feature which is likely to impact RRM requirements such as RLM/BFD evaluation periods, cell search and measurement delays and accuracies etc. · 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.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]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.


In this paper, we focus on the impact of UE complexity reduction on signaling characteristics as specified in chapter 8 of TS 38.133.
Radio Link Monitoring 
Simulation assumptions to evaluate the RLM and BFD performance for RedCap UEs with 1 Rx were agreed in RAN4#100e [2] and RAN4#101e [3]. We provide the simulation results based on the agreed simulation assumptions and present our views on the impact of 1Rx on RLM/BFD evaluation periods and hypothetical PDCCH parameters.
Evaluation periods (OOS and IS): SSB based
Release 15/16 RAN4 requirements specify 10 samples of RLM-RS for SSB based out-of-sync (OOS) evaluation period and 5 samples for in-sync (IS) evaluation period assuming 2 Rx antennas. A RedCap UE can have a single Rx antenna which leads to a degradation in SSB based SINR estimation as compared to Rel-15/16 UEs which operate using two Rx antennas. In the last RAN4 meeting, companies presented the simulation results on SINR estimation with double the number of RLM-RS samples and the following options were identified:
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. 


We presented our simulation results in [4] which are replicated below for the ease of reading. 
Table 1 and table 2 show the delta SINR range (difference between 95 percentile and 5 percentile delta SINR) for some of the randomly selected SINR points for 30kHz and 15kHz SSB SCS respectively. 
Table 1：Delta SNR Range for 30kHz SSB SCS
	Channel
	Ideal SNR (dB)
	2 Rx (Delta SINR Range)
	1 Rx (Delta SINR Range)

	
	
	5 Samples
	10 Samples
	5 Samples
	10 Samples
	20 Samples

	AWGN
	-7
	1.48
	1.11
	1.87
	1.43
	0.94

	
	-4
	1.05
	0.83
	1.4
	1.03
	0.72

	TDL-A 30ns 100Hz
	-1
	4.61
	3.58
	6.87
	4.99
	3.57

	
	5
	4.59
	3.4
	6.95
	4.94
	3.49

	TDL-B 100ns 100Hz
	-3
	3.71
	2.67
	5.15
	3.79
	3.43

	
	4
	3.75
	2.45
	5.16
	3.79
	3.34

	TDL-C 300ns 100Hz
	-3
	3.66
	2.92
	4.88
	3.21
	2.08

	
	3
	3.62
	2.93
	4.54
	2.82
	1.99



Table 2：Delta SNR Range for 15kHz SSB SCS
	Channel
	Ideal SNR (dB)
	2 Rx (Delta SNR Range)
	1 Rx (Delta SNR Range)

	
	
	5 Samples
	10 Samples
	5 Samples
	10 Samples
	20 Samples

	AWGN
	-7
	1.46
	1.09
	2.07
	1.32
	0.91

	
	-4
	1.09
	0.75
	1.5
	1
	0.77

	TDL-A   30ns 100Hz
	-1
	4.55
	3.73
	6.3
	4.53
	3.23

	
	5
	4.63
	3.5
	6.28
	4.33
	3.04

	TDL-B 100ns 100Hz
	-3
	4.19
	2.91
	6.31
	4.44
	3.13

	
	4
	4.19
	3.1
	6.16
	4.36
	2.93

	TDL-C 300ns 100Hz
	-3
	3.64
	2.81
	5.88
	4.19
	3.08

	
	3
	3.81
	2.71
	6
	4.39
	3.1



[bookmark: _Hlk85748448]Based on the simulation results, for TDL-A channel, SINR measurement accuracy of 1 Rx UE is worse than that of a 2 Rx UE by more than 1.18 db with 5 samples evaluation period and by more than 0.8 db with 10 samples evaluation period. RLM test cases typically assume TDL-C channel for which 1Rx performs worse than 2Rx by more than 0.5 db with 5 sample evaluation period and by more than 0.3 db with 10 sample evaluation period. However, 1 Rx UE with double the evaluation period performs very close to a 2 Rx UE.
Observation 1: In TDL-A 30ns channel, 1 Rx UE performs worse than 2 Rx UE by 
· >1.18 db with 5 samples evaluation period
· >0.8 db with 10 samples evaluation period

Observation 2: In TDL-C 300ns channel, 1 Rx UE performs worse than 2 Rx UE by 
· >0.51 db with 5 samples evaluation period
· >0.3 db with 10 samples evaluation period

Observation 3: 1 Rx UE with double the evaluation period gives SINR measurement accuracy very close to that of a 2 Rx UE. 
Proposal 1: The measurement period of SSB based SINR is extended by a factor of 2 to guarantee accuracy for RLM Qout for RedCap UE with 1 Rx
Proposal 2: The measurement period of SSB based SINR is extended by a factor of 2 to guarantee accuracy for RLM Qin for RedCap UE with 1 Rx
Observation 4: Even after doubling the evaluation period, measurement accuracy of 1 Rx UE may not be the same as that of a 2 Rx UE in some scenarios. A small amount of additional SNR margin will be needed in test cases to compensate for this difference.
Proposal 3: Consider an additional margin of [0.5db] in the test cases to account for any performance gap with the extended evaluation periods.
Hypothetical PDCCH parameters
Reduction of Rx branches would cause a degradation in hypothetical PDCCH performance for a RedCap UE. RAN4 identified some of the following measures to mitigate the degradation:
· Higher aggregation level for 1Rx
· Higher gNb Tx power during PDCCH transmission for 1Rx
· Higher test case SNR for 1Rx

We ran the simulations for hypothetical PDDCH parameters agreed in [3] and the results are summarized in the table below (BLER curves for AL=16 are provided in the appendix).
	Channel profile
	SNR to obtain RLM OOS BLER (db)
	SNR to obtain RLM IS BLER (db)

	
	2Rx (AL=8)
	1Rx (AL=8)
	1Rx (AL=16)
	2Rx (AL=4)
	1Rx (AL=4)
	1Rx (AL=8)

	AWGN
	-8.9
	-6.7
	
	-6
	-3.6
	

	TDL A 30ns 100 Hz
	-5.7
	-1.5
	-4.5
	0.7
	5
	1.7

	TDL B 100ns 100 Hz
	-6.1
	-2.3
	-5.3
	-1.4
	4
	0.1

	TDL C 300ns 100 Hz
	-5.7
	-2.3
	-5.3
	-1.5
	3.5
	-0.25


Although higher aggregation level provides some performance gains, but when both 1Rx and 2Rx UEs co-exist in the same cell, the network must transmit the same cell-specific signal (system information) to both types of UEs. Network cannot use two different types of PRBs to transmit the same cell-specific signal for two types of UEs. Therefore, it’s desirable to use the same aggregation level for 1Rx UEs as for 2Rx UEs.
Observation 5: Using higher aggregation level for 1Rx UEs may prohibit network to use the same aggregation level for PDCCH of cell specific signals between 1Rx and 2 Rx UEs.
Proposal 4: For 1Rx UEs, use the same aggregation levels as those for Rel-15 2Rx UEs for RLM OOS and IS.
Power boost of 4db for hypothetical PDCCH RE to SSS RE for RLM OOS is already considered in the current specifications and is not feasible to increase it further. 
[image: C:\Users\h00388629\AppData\Roaming\eSpace_Desktop\UserData\h00388629\imagefiles\54E00187-B68A-4075-9160-6C7747B1E812.png]
Observation 6: Current specifications already specify the maximum allowed ratio of hypothetical PDCCH RE energy to average SSS RE energy for out-of-sync (4dB).
Observation 7: Boosting ratio of hypothetical PDCCH RE to SSS RE for RLM IS is not desirable because it reduces the SNR difference between OOS and IS threshold in RLM test cases.
Proposal 5: For 1Rx UEs, use the same hypothetical PDCCH RE to SSS RE as those for Rel-15 2Rx UEs for RLM OOS and IS.
Proposal 6: Allow the following additional margins for 1Rx UEs w.r.t. those of 2Rx UEs in RLM test cases:
· RLM OOS: 4db
· RLM IS: 5.5db
· Note: The margins are derived based on TDL-C 300ns 100Hz channel

Beam failure detection (BFD)
Evaluation period
Current requirements for BFD use 5 BFD-RS samples which is same as that for RLM-IS. So, same conclusions can be drawn for BFD evaluation period.
Proposal 7: The evaluation period of SSB based SINR is extended by factor of 2 to guarantee accuracy for BFD Qout-LR for RedCap UE with 1 Rx, i.e., use 10 BFD-RS samples.
PDCCH transmission parameters
As mentioned earlier for RLM, three possible ways to mitigate the PDCCH performance degradation are:
· Higher aggregation level for 1Rx
· Higher gNb Tx power during PDCCH transmission for 1Rx
· Higher test case SNR for 1Rx

Citing similar arguments as in RLM, on higher aggregation level and higher ratio of hypothetical PDCCH RE energy to average SSS RE energy also hold for BFD. We, therefore, propose to use the existing AL and power boost ratio and adopt higher test case SNR for 1Rx.
Proposal 8: For 1Rx UEs, use the same aggregation levels as those for Rel-15 2Rx UEs for BFD.
Proposal 9: For 1Rx UEs, use the same hypothetical PDCCH RE to SSS RE as those for Rel-15 2Rx UEs for BFD.
Proposal 10: Allow an additional margin of 4db for 1Rx UEs w.r.t. those of 2Rx UEs in BFD test cases
· Note: The margin is derived based on TDL-C 300ns 100Hz channel
BWP switching
Current RAN4 requirements specify Type 1 and Type 2 BWP switching delays, corresponding to 600us and 2000us respectively. Some companies pointed out the need to specify faster BWP switching delays if only centre frequency is changed. Main motivations behind enabling such faster BWP switching were
1. BWP hopping in RRC connected mode for control/data [5][6]
2. Receive SSBs outside the Redcap specific initial BWP [7]

Regarding 1), RAN1 has discussed this in detail and didn’t come up with agreements to enable such BWP hopping mechanism in connected mode to harvest frequency diversity gains. So RAN4 need not discuss fast BWP switching to enable BWP hopping in connected mode.
Observation 9: RAN1 hasn’t made any agreements on specifying BWP hopping (with only centre frequency changed) to harvest diversity gains. No need to discuss fast BWP switching for RedCap UEs in this context.
Regarding 2), the proponents of the proposal mentioned that CD-SSBs may not be transmitted in the Redcap specific initial BWP and hence the UE may have to retune to a non-Redcap specific initial BWP to receive the SSBs. It was also mentioned that only centre frequency changes during such a switch and all other parameters remain unchanged.
First, we want to highlight the following RAN1#107e agreement regarding RedCap specific initial BWP:RAN1#107 agreement
· For a separate initial DL BWP for RedCap UEs,
· the supported bandwidths for the separate initial DL BWP for RedCap UEs can have any values up to the maximum UE bandwidth (as in legacy operation).


The above agreement implies that during BWP switch from Redcap specific initial BWP to non-Redcap specific initial BWP, it’s not just the centre frequency that changes, BW can change as well.
Observation 10: During BWP switch from Redcap specific initial BWP to non-Redcap specific initial BWP, it’s not just the centre frequency that changes, other parameters (e.g., BW) can change as well. 
Furthermore, RAN1 has made a working assumption that a Redcap UE supporting mandatory FG 6-1 can expect to contain NCD-SSB in the Redcap specific initial DL BWP configured for paging if it does not contain the CD-SSB. RAN1 has also agreed on the availability of NCD-SSBs for RRC-configured active BWP in connected mode.RAN1#107 agreements
· In FR1, for an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· In FR2, for an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB


Observation 11: A Redcap UE supporting mandatory FG 6-1 can expect to contain NCD-SSB in the Redcap specific initial DL BWP configured for paging if it does not contain the CD-SSB.
The above agreements from RAN1 question the utility of fast BWP switching during initial access and hence should not be pursued in RAN4. 
Proposal 11: RAN4 to not introduce any faster BWP switching delays than the current Type1 and Type2 BWP switching delays as there is no strong use case to enable fast BWP switching for Redcap UEs. 
 RAN1 also made the following agreement for an RRC-configured active DL BWP in connected modeRAN1#107 agreement
A RedCap UE can indicate the following as optional capability:
· Not need for NCD-SSB : A RedCap UE can in addition optionally support relevant operation (except for standalone use for RRM measurement) based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.


 
Observation 12: RAN1 has agreed that a Redcap UE may optionally indicate “Not need for NCD-SSB” capability for an RRC configured active DL BWP in RRC connected mode
Current RAN4 requirements for various L1 procedures such as RLM/BFD/CBD/L1-RSRP etc are defined for RS resource (e.g., SSB) that lie within the active BWP of the UE. A UE is not required to monitor any SSBs that lie outside the active BWP. Redcap UEs supporting the optional capability “Not need for NCD-SSB” may not receive an SSB within the active BWP. Such UEs will have to rely only on CSI-RS resources that lie within the active BWP. However, CSI-RS based RLM/BFD/CBD/LI-RSRP procedures are optional capabilities. We, therefore, think that methods should be defined to enable SSB based L1 procedures for such UEs. 
Observation 13: Redcap UEs that indicate the optional “Not need for NCD-SSB” capability may need to perform certain procedures that involve L1 measurements, such as RLM, BFD, CBD, L1-RSRP etc., on SSBs available outside the active BWP.
One simple way to enable this would be to use measurement gaps. Since CD-SSB/NCD-SSBs will be available in the initial BWP (Redcap specific or non-Redcap specific), a Redcap UE may retune to receive the SSBs during a configured measurement gap. Current MGs are defined only for L3 measurements and may not be suitable for L1 measurements as L1 measurements are typically done more frequently than L3 measurements and the gap duration may also be less for L1 measurement (SSB index is already known). We think that L1 measurement gaps may be defined as an optional feature, in addition to the mandatory L3 MGs, for Redcap UEs that indicate the optional “not need for NCD-SSB” capability.
Proposal 12: RAN4 to define L1 measurement gaps, in addition to the legacy MGs (L3), to perform RLM/BFD/CBD/L1-RSRP based on SSB outside active BWP, as an optional capability for Redcap UEs that indicate the optional ‘not need for NCD-SSB’ capability.
Conclusion
Observation 1: In TDL-A 30ns channel, 1 Rx UE performs worse than 2 Rx UE by 
· >1.18 db with 5 samples evaluation period
· >0.8 db with 10 samples evaluation period

Observation 2: In TDL-C 300ns channel, 1 Rx UE performs worse than 2 Rx UE by 
· >0.51 db with 5 samples evaluation period
· >0.3 db with 10 samples evaluation period

Observation 3: 1 Rx UE with double the evaluation period gives SINR measurement accuracy very close to that of a 2 Rx UE. 
Proposal 1: The measurement period of SSB based SINR is extended by a factor of 2 to guarantee accuracy for RLM Qout for RedCap UE with 1 Rx
Proposal 2: The measurement period of SSB based SINR is extended by a factor of 2 to guarantee accuracy for RLM Qin for RedCap UE with 1 Rx
Observation 4: Even after doubling the evaluation period, measurement accuracy of 1 Rx UE may not be the same as that of a 2 Rx UE in some scenarios. A small amount of additional SNR margin will be needed in test cases to compensate for this difference.
Proposal 3: Consider an additional margin of [0.5db] in the test cases to account for any performance gap with the extended evaluation periods.
Observation 5: Using higher aggregation level for 1Rx UEs may prohibit network to use the same aggregation level for PDCCH of cell specific signals between 1Rx and 2 Rx UEs.
Proposal 4: For 1Rx UEs, use the same aggregation levels as those for Rel-15 2Rx UEs for RLM OOS and IS.
Observation 6: Current specifications already specify the maximum allowed ratio of hypothetical PDCCH RE energy to average SSS RE energy for out-of-sync (4dB).
Observation 7: Boosting ratio of hypothetical PDCCH RE to SSS RE for RLM IS is not desirable because it reduces the SNR difference between OOS and IS threshold in RLM test cases.
Proposal 5: For 1Rx UEs, use the same hypothetical PDCCH RE to SSS RE as those for Rel-15 2Rx UEs for RLM OOS and IS.
Proposal 6: Allow the following additional margins for 1Rx UEs w.r.t. those of 2Rx UEs in RLM test cases:
· RLM OOS: 4db
· RLM IS: 5.5db
· Note: The margins are derived based on TDL-C 300ns 100Hz channel

Proposal 7: The evaluation period of SSB based SINR is extended by factor of 2 to guarantee accuracy for BFD Qout-LR for RedCap UE with 1 Rx, i.e., use 10 BFD-RS samples.
Proposal 8: For 1Rx UEs, use the same aggregation levels as those for Rel-15 2Rx UEs for BFD.
Proposal 9: For 1Rx UEs, use the same hypothetical PDCCH RE to SSS RE as those for Rel-15 2Rx UEs for BFD.
Proposal 10: Allow an additional margin of 4db for 1Rx UEs w.r.t. those of 2Rx UEs in BFD test cases
· Note: The margin is derived based on TDL-C 300ns 100Hz channel

Observation 9: RAN1 hasn’t made any agreements on specifying BWP hopping (with only centre frequency changed) to harvest diversity gains. No need to discuss fast BWP switching for RedCap UEs in this context.
Observation 10: During BWP switch from Redcap specific initial BWP to non-Redcap specific initial BWP, it’s not just the centre frequency that changes, other parameters (e.g., BW) can change as well. 
Observation 11: A Redcap UE supporting mandatory FG 6-1 can expect to contain NCD-SSB in the Redcap specific initial DL BWP configured for paging if it does not contain the CD-SSB.
Proposal 11: RAN4 to not introduce any faster BWP switching delays than the current Type1 and Type2 BWP switching delays as there is no strong use case to enable fast BWP switching for Redcap UEs. 
Observation 12: RAN1 has agreed that a Redcap UE may optionally indicate “No need for NCD-SSB” capability for an RRC configured active DL BWP in RRC connected mode
Observation 13: Redcap UEs that indicate the optional “No need for NCD-SSB” capability may need to perform certain procedures that involve L1 measurements, such as RLM, BFD, CBD, L1-RSRP etc., on SSBs available outside the active BWP.
Proposal 12: RAN4 to define L1 measurement gaps, in addition to the legacy MGs (L3), to perform RLM/BFD/CBD/L1-RSRP based on SSB outside active BWP, as an optional capability for Redcap UEs that indicate the optional ‘No need for NCD-SSB’ capability.
Appendix
CDF curves for various SNR points for 30 kHz SSB SCS
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CDF curves for various SNR points for 15 kHz SSB SCS
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BLER curves for various ALs
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Table 6.3.2.2-1: RE power control dynamic range.

Modulation scheme used.

RE power control dynamic range (dB)

g
o on the RE (down). (up).
= QPSK (PDCCH). 6. +4.
" QPSK (PDSCH)- 6. +3.
= 16QAM (PDSCH) 3 +3
= 64QAM (PDSCH) 0 0
= 256QAM (PDSCH) 0. 0.

NOTE:  The output power per carrier shall always be less or equal to

the maximum output power of the base station.-





image2.jpeg
Mean SNR,AWGN, -7 dB ideal SNR

1
1Rx (5 samples)
0.9 [ 1Rx(10 samples)
1 Rx (20 samples)
0.8 |~ ~ ~2Rx(5 samples)
— — —2Rx(10 samples)
07
06
05
0.4
03
02
01
0
9 85 8 75 7 65 ) 55





 


 


1


 


3GPP TSG


-


RAN WG4 Meeting #


10


1


-


bis


-


e


 


R4


-


 


2202030


 


Electronic Meeting, 1


7


 


–


 


2


5


 


January


, 202


2


 


 


 


Agenda item:


 


6


.


20.3


.


1.4


 


Source: 


 


Qualcomm Incorporated


 


T


itle:


 


 


Impact of UE complexity reduction on signaling characteristics


 


Document for:


 


Discussion


 


1.


 


Introduction


 


In RAN#90e meeting, a Rel


-


17 work item for su


pport of reduced capability NR devices was approved and the WID 


was 


further 


updated in RAN#9


2


e [


1


]. 


One of the key 


objectives


 


of the work


-


item is to provide support for 


UE 


complexity reduction features. 


In 


the 


previous RAN4 meetings, it was agreed that 


r


educed minimum number of Rx 


branches is one such 


UE complexity reduction feature 


which is likely


 


to 


impact RRM requirements


 


such as RLM


/BFD 


evaluation periods, 


cell 


search and measurement


 


delays and accuracies et


c.


 


 


In this paper, we focus on the impact of UE complexity reduction on signaling characteristics 


as 


specified 


in chapter 8 


of TS 38.133.


 


2.


 


Radio Link Monitoring


 


 


Simulation assumptions to evaluate the RLM and BFD performance for RedCap UEs with 1 Rx were agreed in 


RAN4#100e [2] and RAN4#101e [3]. 


W


e provide the simulation results based on the agreed simulation assumptions 


and present our views on the impact of 1Rx 


on RLM/BFD evaluation periods


 


and 


hypothetical PDCCH parameters.


 


2.1.


Evaluation period


s (


OOS and IS


)


: SSB based


 


Release 15


/16


 


RAN4 requirements


 


specify 


10


 


samples


 


of RLM


-


RS


 


for 


SSB based 


out


-


of


-


sync


 


(OOS)


 


evaluation period 


and 


5 samples for 


in


-


sync (IS) evalua


tion period 


assuming 2 Rx antennas. 


A RedCap UE 


can 


have a single Rx antenna 


which lead


s


 


to 


a degradation


 


in SSB based SINR estimation


 


as compared to Rel


-


15/16 UEs


 


which operate using two 


Rx antennas.


 


In the last RAN4 meeting, 


companies presented the 


s


imulation


 


results


 


on 


SINR estimation 


with double 


the number of RLM


-


RS samples


 


and the following options were identified:


 


·


 


Reduced minimum number of Rx branches:


 


o


 


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.


 


o


 


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 support


ed by specification 


for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.


 


o


 


A means shall be specified by which the gNB can know the number of Rx branches of the UE.
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