3GPP TSG RAN WG4 Meeting #102-e	R4-2205630
Electronic Meeting, February 21 – 3 March, 2022
Agenda Item:	10.20.3.1.4
Source: 	Ericsson
Title:	Discussions on RedCap signaling characteristics
Document for:	Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution we discuss the requirements related to the signaling characteristics for RedCapUE. More specifically, we go through the open issues of RLM, BM, BWP switching, and interruptions and provide our updated view. In addition, it was agreed at last meeting to support SI reading requirement for RedCap in Release 17 [2]. Thus we also present our view on the CGI reading requirements for RedCap UE in this contribution.
Discussion
Radio Link Monitoring
At last meeting it was agreed that Qout evaluation period is extended by factor 2 and legacy Qin evaluation period is reused. It was also agreed that the lower bound in RLM evaluation period is extended, but how much to extend remains open. One of the options discussed at last meeting was extension by factor 2. Our view is that extension of lower bound shall be aligned with the extension of the evaluation period. Since Qout evaluation period was agreed to be extended by factor 2, it is also reasonable to extend the lower bound in the Qout evaluation delay requirement by same factor. However, there is no need to extend the lower bound in the Qin evaluation requirements since the Qin evaluation period is unchanged compared to Rel-15 requirements. 
Proposal #1: 
· Lower bound in the Qout evaluation period is extended by factor 2.
· Lower bound in Qin evaluation period is unchanged.

Beam Management
Beam failure detection evaluation period
Rel-15 beam failure detection requirements assume the same number of SSB/CSI-RS samples as RLM In-sync to define evaluation period, that is, 5 samples for SSB based BFD and 10 samples for CSI-RS based BFD (density=3, 24RBs). Therefore it is straightforward to reuse the agreement reached for RLM in-sync evaluation period for SSB and CSI-RS for BFD evaluation for SSB and CSI-RS respectively. According to the agreements from last meeting, the in-sync evaluation period from Rel-15 NR is reused for 1 Rx UE [1]. 
Proposal #2: SSB based RLM in-sync evaluation period for 1 Rx UE is reused for SSB based BFD evaluation period for 1 Rx UE, including lower bound. 
Proposal #3: CSI-RS based RLM in-sync evaluation period for 1 Rx UE is reused for CSI-RS based BFD evaluation period for 1 Rx UE, including lower bound.

Candidate beam detection and L1-RSRP measurements
At last meeting, it was agreed to define L1-RSRP measurement accuracy requirements based on single sample for both FR1 and FR2. Moreover, it was agreed to reuse both SSB based and CSI-RS based CBD evaluation period from Rel-15 NR for FR1. It is however FFS for FR2. In this section we provide the results for FR2 and make our proposal.

In clause 2.2.2.1 and 2.2.2.2 we reproduce our simulation results and observations from last meeting for information. 

SSB based L1-RSRP measurements
Since RAN4 set L1-RSRP measurement accuracy requirements based on single sample measurement with SNR=-3dB in Rel-15, Table 1 through Table 3 summarize the degradation with 1Rx from 2Rx given by Max(Degradation(5%-ile, 1 sample, SNR), Degradation(95%-ile, 1 sample, SNR)), where, 
· Degradation(5%-ile, 1 sample, SNR) := (L1-RSRP accuracy at 5%-tile with 1 sample, SNR, 2Rx) - (L1-RSRP accuracy at 5%-tile with 1 sample, SNR, 1Rx)
· Degradation(95%-ile, 1 sample, SNR) := (L1-RSRP accuracy at 95%-tile with 1 sample, SNR, 1Rx) - (L1-RSRP accuracy at 95%-tile with 1 sample, SNR, 2Rx)
For example, Table 1 shows the degradation due to 1Rx is 0.55dB for the scenario SCS=15kHz, AWGN, SNR=-4dB.  
According to our simulation results, it is observed the degradation from 2Rx to 1Rx is about 0.5dB to 3.4dB with SNR=-4dB according to the channel condition. Considering the minimum requirements we propose to relax the L1-RSRP measurement accuracy requirements by 3.0dB. 
Last meeting also discussed the additional RF margin for RedCap 1Rx UE. When 3GPP introduced Cat-1bis UE in Rel-14 LTE, RAN4 relaxed the accuracy by 1dB due to the single Rx reception but did not assume additional RF margin. Therefore we don’t think RAN4 need addition RF margin to specify the measurement accuracy requirements for RedCap 1Rx UE. 
Proposal #4: Relax the SSB based L1-RSRP measurement absolute and relative accuracy requirements by 3.0dB for 1 Rx UE compared to the 2 Rx UE requirements for FR1. This relaxation is applicable for both absolute and relative accuracy requirements. 

[bookmark: _Ref84860029]Table 1	SSB based L1-RSRP – SCS=15kHz
	SNR
	-4
	-2
	0

	AWGN
	0.55
	0.41
	0.33

	TDLA30
	2.74
	3.14
	3.33

	TDLB100
	2.00
	2.21
	2.11

	TDLC300
	1.51
	1.44
	1.31



[bookmark: _Ref84860036]Table 2	SSB based L1-RSRP – SCS=30kHz
	SNR
	-4
	-2
	0

	AWGN
	0.64
	0.50
	0.38

	TDLA30
	1.91
	2.00
	2.04

	TDLB100
	1.05
	1.18
	1.22

	TDLC300
	1.18
	1.17
	1.24



[bookmark: _Ref84860039]Table 3	SSB based L1-RSRP – SCS=120kHz
	SNR
	-4
	-2
	0

	AWGN
	0.51
	0.39
	0.29

	TDLA30
	1.39
	1.31
	1.52



CSI-RS based L1-RSRP measurements
Following agreement was reached at last meeting [1]:
	CSI-RS based L1-RSRP: relative accuracy with measurement restriction in FR1
· Relax the relative L1-RSRP accuracy by 3dB



Table 4 through Table 6 summarize the degradation from the L1-RSRP accuracy with 1 CSI-RS sample given by Max(Degradation(5%-ile, 1 sample, SNR), Degradation(95%-ile, 1 sample, SNR)). 
The simulation results give the same observation as SSB based L1-RSRP accuracy. Considering the previous agreement to relax the relative L1-RSRP accuracy bye 3 dB, we the absolute accuracy needs to be relaxed by the same order.
Proposal #5: Relax the CSI-RS based L1-RSRP measurement absolute accuracy requirements by 3.0dB for 1 Rx UE compared to 2 Rx UE requirements in FR1.


[bookmark: _Ref84861710]Table 4	CSI-RS based L1-RSRP – SCS=15kHz
	SNR
	-4
	-2
	0

	AWGN
	0.67
	0.55
	0.40

	TDLA30
	2.78
	2.55
	2.76

	TDLB100
	2.12
	2.01
	2.17

	TDLC300
	2.16
	2.11
	2.27



Table 5	CSI-RS based L1-RSRP – SCS=30kHz
	SNR
	-4
	-2
	0

	AWGN
	0.59
	0.45
	0.34

	TDLA30
	2.36
	2.59
	2.66

	TDLB100
	2.39
	2.31
	2.31

	TDLC300
	1.56
	1.57
	1.80



[bookmark: _Ref84861712]Table 6	CSI-RS based L1-RSRP – SCS=120kHz
	SNR
	-4
	-2
	0

	AWGN
	0.91
	0.74
	0.55

	TDLA30
	1.46
	1.61
	1.59




Active BWP switching
BWP switching with only center-frequency change
The following open issues related to the BWP switching when only center frequency changes were identified in the WF in the last meeting [1]:
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.

If new BWP switching delay is defined when only center-frequency is changed in Rel-17, how to express those:
· Option 1 (E///, CMCC, Nokia):  
Active 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 between non-initial DL BWP for RedCap and initial BWP for RedCap can be expressed in slots as follows:
	SCS
	Slot length (ms)
	Type 1 Delay (slots)
	Type 2 Delay (slots)

	15 kHz
	1 
	1
	2

	30 kHz
	0.5
	1
	3

	60 kHz
	0.25
	1
	5

	120 kHz
	0.125
	2
	9



If reduced BWP switching delay when only center-frequency is changed, scheduling restriction: 
· Option 1 (E///):  
· The UE is not required to transmit UL signals or receive DL signals during the active BWP switching delay (in issue 4-5-2) provided that the DRX cycle is less than 640 ms. No scheduling restriction is allowed for DRX cycle of 640 ms or longer.



RedCap UE supports fewer features (e.g. in terms of MIMO layers, max UE BW etc) compared to the legacy UE. Another difference is that unlike legacy UE for which there is only one SSB, for RedCap there may be NCD-SSB. NCD-SSB may or may not be transmitted in the non-initial BWP. The active BWP switching between initial BWP and non-initial BWP (i.e. Redcap specific BWP) is important use case for Redcap UE. Therefore, for ReCap UE it is more likely that the active BWP switching in most scenarios changes the center frequency of the active BWP. The DCI and timer-based BWP switching can be used for switching between the initial BWP and non-initial BWP by changing only the center frequency of the active BWP. We therefore suggest to define additional active BWP switching delay requirements when only the center frequency of the active BWP is changed. 
The BWP switching delay between non-initial DL BWP for RedCap and initial BWP for RedCap involving only changes in the center-frequency of the BWP can be based on the on previous agreement in R4-1803283:
Table 7: BWP switching delay due to changes in only center-frequency [R4-1803283]
	Frequency Range
	Type 1 Delay (us)
	Type 2 Delay (us)

	1
	200
	1050

	2
	200
	1050



Based on the above agreement, the active BWP switching delay can be expressed in slots as follows:
Table 8: BWP switching delay due to changes in only center-frequency in slots
	SCS
	Slot length (ms)
	Type 1 Delay (slots)
	Type 2 Delay (slots)

	15 kHz
	1 
	1
	2

	30 kHz
	0.5
	1
	3

	60 kHz
	0.25
	1
	5

	120 kHz
	0.125
	2
	9



Furthermore, if the UE autonomously switches between initial BWP and non-initial BWP then in case of longer DRX cycle (e.g. 640 ms or longer) there should be no scheduling restriction since the UE can switch between them during the OFF duration of the DRX cycle. It is more appropriate to say that this is scenario for retuning between initial BWP and non-initial BWP.
Observation 1: RedCap UE supports fewer features (e.g. in terms of MIMO layers, max UE BW etc) compared to legacy UE.
Observation 2: RedCap specific non-initial BWP may or may not contain NCD-SSB.
Observation 3: Even DCI and timer based switching between initial BWP and RedCap specific non-initial BWP by changing only the center frequency will be common scenario for RedCap.
Observation 4: When configured with longer DRX cycle, the UE can retune between non-initial DL BWP for RedCap and initial BWP for RedCap without causing any interruption in PCell.
Proposal #6: Define BWP switching delay between non-initial DL BWP for RedCap and initial BWP for RedCap involving only changing of the center-frequency of the BWP.
Proposal #7: Define BWP switching delay between non-initial DL BWP for RedCap and initial BWP for RedCap involving only changing of the center-frequency of the BWP based on the on previous agreement in R4-1803283:
	Frequency Range
	Type 1 Delay (us)
	Type 2 Delay (us)

	1
	200
	1050

	2
	200
	1050



Proposal #8: Active 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 between non-initial DL BWP for RedCap and initial BWP for RedCap can be expressed in slots as follows:
	SCS
	Slot length (ms)
	Type 1 Delay (slots)
	Type 2 Delay (slots)

	15 kHz
	1 
	1
	2

	30 kHz
	0.5
	1
	3

	60 kHz
	0.25
	1
	5

	120 kHz
	0.125
	2
	9



Proposal #9: The UE is not required to transmit UL signals or receive DL signals while tuning between initial BWP and the RedCap specific non-initial BWP provided that the DRX cycle is less than 640 ms. No scheduling restriction is allowed for DRX cycle of 640 ms or longer. 

L1 gaps for SSB outside active BWP
The following open issue related to L1 measurement outside the BWP was identified in the WF in the last meeting [1]:
Whether to introduce L1 measurement gaps for performing receiving SSB outside active BWP in Rel-17 
· Option 1 (QC): 
· 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.
· Option 2 (HW, E///, Apple, CMCC, Xiaomi, MTK): Do not introduce L1 measurement gaps.

Following Rel-15 approach, the RLM/BFD/CBD/L1-RSRP requirements are applicable if the SSB is within the active BWP. The same approach should apply for RedCap. Therefore, for RedCap the RLM/BFD/CBD/L1-RSRP requirements are applicable if the SSB is within the active BWP i.e. if NCD-SSB is within RedCap BWP. 

Therefore, there is no need for any L1 gaps for receiving SSB outside active BWP. 

Observation 5: For RedCap the SSB based RLM/BFD/CBD/L1-RSRP requirements are applicable if the SSB is within the active BWP.
Proposal #10: Do not introduce L1 measurement gaps for acquiring SSB outside active BWP.

Impact on TCI state switching requirements
Following agreements were reached for the TCI state switching requirements at last meeting [1]:
	Active TCI state switching 
For Rel-17 TCI state switch delay requirements for Redcap:
· For MAC-CE based TCI state switch delay with target TCI known: existing requirements are reused.

· For DCI-based TCI state switch delay: existing requirements are reused.
· For RRC-based TCI state switch delay with target TCI known: existing requirements are reused.



Following issues remain to be resolved[1]:
	· 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.



At last meeting it was agreed that SSB based and CSI-RS based L1 RSRP are reused from Rel-15 NR for 1 Rx RedCap UE for FR1 while it is FFS for FR2. At last RAN4 meeting, the RF group reached following agreement [RF chairman notes]:
	Agreement: not reduce the number of Rx branch for FR2 
Agreement: For Min EIRP and array arrangement for wearable use case RedCap UE, agree on 
· 20log(2) = 6 dB lower than FR2 PC3, reduce to half array size of PC3 with array arrangement of (4x1 single panel or 2x1 dual panel, dual pol),
· For all the devices above, 2-layer DL MIMO is not mandated and FFS whether to define 2-layer MIMO performance requirements for them.


Since the number Rx branches is not reduced to 1 for FR2, there is no need to further discuss the issue for 1 Rx FR2. However, as per earlier agreement in R4-2115358, for 2 Rx FR2 case RAN4 to use the release 15 NR UE requirements for single carrier operation.
Proposal #11: 

· For MAC-CE based TCI state switch delay with target TCI unknown: legacy requirements are reused for FR1.
· For RRC-based TCI state switch delay with target TCI unknown: legacy requirements are reused for FR1.
Proposal #12: 
· No need to discuss the TCI state requirements for 1 Rx for FR2 given the RF agreement that number of Rx branches is not reduced in FR2. 

UL spatial relation switch delay requirements
Following agreements were reached at last meeting [1]:
	UL spatial relation switch delay 
For UL spatial delay switch requirements for RedCap UE with 1 Rx:
· For MAC-CE based spatial relation switch delay with target spatial relation associated to DL RS is known: existing requirements are reused.
· For DCI-based spatial relation switch delay: existing requirements are reused.
· For RRC-based spatial switch delay with target spatial relation associated to DL RS is known: existing requirements are reused.



Following open issues remain to be resolved [1]:
	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.



At last meeting it was agreed that SSB based and CSI-RS based L1 RSRP are reused from Rel-15 NR for 1 Rx RedCap UE for FR1 while it is FFS for FR2. Similar to the discussion for TCI state switching requirements, given that RF group agreement from last meeting that the number of Rx branches is not reduced for FR2, there is no need to further discuss the requirements for 1 Rx in FR2. However, as per earlier agreement in R4-2115358, for 2 Rx FR2 case RAN4 to use the release 15 NR UE requirements for single carrier operation.

Proposal #13: 
· For MAC-CE based spatial relation switch delay with target spatial relation associated with DL RS is unknown: legacy requirements are reused for FR1.
· For RRC-based spatial switch delay with target spatial relation associated to DL RS is unknown: legacy requirements are reused for FR1.
Proposal #14: 
· No need to discuss the UL spatial relation switch delay requirements for 1 Rx for FR2 given the RF agreement that number of Rx branches is not reduced in FR2. 
Summary
In this contribution we have provided the simulation results for RLM and BM, and we further discuss the results and also provide our view on other requirements related to signaling characteristics. Based on the discussions, we have made following proposals:

Proposal #1: 
· Lower bound in the Qout evaluation period is extended by factor 2.
· Lower bound in Qin evaluation period is unchanged.

Proposal #2: SSB based RLM in-sync evaluation period for 1 Rx UE is reused for SSB based BFD evaluation period for 1 Rx UE, including lower bound. 
Proposal #3: CSI-RS based RLM in-sync evaluation period for 1 Rx UE is reused for CSI-RS based BFD evaluation period for 1 Rx UE, including lower bound.
Proposal #4: Relax the SSB based L1-RSRP measurement absolute and relative accuracy requirements by 3.0dB for 1 Rx UE compared to the 2 Rx UE requirements for FR1. This relaxation is applicable for both absolute and relative accuracy requirements. 
Proposal #5: Relax the CSI-RS based L1-RSRP measurement absolute accuracy requirements by 3.0dB for 1 Rx UE compared to 2 Rx UE requirements in FR1.
Proposal #6: Define BWP switching delay between non-initial DL BWP for RedCap and initial BWP for RedCap involving only changing of the center-frequency of the BWP.
Proposal #7: Define BWP switching delay between non-initial DL BWP for RedCap and initial BWP for RedCap involving only changing of the center-frequency of the BWP based on the on previous agreement in R4-1803283:
	Frequency Range
	Type 1 Delay (us)
	Type 2 Delay (us)

	1
	200
	1050

	2
	200
	1050



Proposal #8: Active 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 between non-initial DL BWP for RedCap and initial BWP for RedCap can be expressed in slots as follows:
	SCS
	Slot length (ms)
	Type 1 Delay (slots)
	Type 2 Delay (slots)

	15 kHz
	1 
	1
	2

	30 kHz
	0.5
	1
	3

	60 kHz
	0.25
	1
	5

	120 kHz
	0.125
	2
	9



Proposal #9: The UE is not required to transmit UL signals or receive DL signals while tuning between initial BWP and the RedCap specific non-initial BWP provided that the DRX cycle is less than 640 ms. No scheduling restriction is allowed for DRX cycle of 640 ms or longer. 
Proposal #10: Do not introduce L1 measurement gaps for acquiring SSB outside active BWP.
Proposal #11: 

· For MAC-CE based TCI state switch delay with target TCI unknown: legacy requirements are reused for FR1.
· For RRC-based TCI state switch delay with target TCI unknown: legacy requirements are reused for FR1.
Proposal #12: 
· No need to discuss the TCI state requirements for 1 Rx for FR2 given the RF agreement that number of Rx branches is not reduced in FR2. 
Proposal #13: 
· For MAC-CE based spatial relation switch delay with target spatial relation associated with DL RS is unknown: legacy requirements are reused for FR1.
· For RRC-based spatial switch delay with target spatial relation associated to DL RS is unknown: legacy requirements are reused for FR1.
Proposal #14: 
· No need to discuss the UL spatial relation switch delay requirements for 1 Rx for FR2 given the RF agreement that number of Rx branches is not reduced in FR2. 
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