[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting # 103-e 		R4-2209700
Electronic Meeting, May 9 – 20, 2022

Source:	Nokia, Nokia Shanghai Bell
Title:	On timing requirements for RedCap
Agenda item:	9.19.3.1.3
Document for:	Discussion
1 Introduction
At RAN4 #102-e, the discussion on timing requirements for RedCap UE as part of the RRM requirements for the WI on reduced capability NR (RedCap) devices [1] was continued [2]. Agreements and open issues on this matter were captured in the WF [3]. 
Following agreements were reached.
	Agreements
Type of SSB to use for meeting the UE transmit timing requirements
· Type of SSB used to meet the UE transmit timing requirements can be CD-SSB or NCD-SSB.
Whether CSI-RS/TRS can be used for meeting the timing requirements 
· Given the agreements from last meeting in the WF in R4-2202774 and in LS reply to RAN1 in R4-2202773 that RAN4 will not define any UE transmit timing requirements based on CSI-RS in Rel-17, no more discussions needed. 



Following remaining open issues were identified.
	Open issues
Whether SSB has to be in UE active BWP for meeting the UE transmit timing requirements
· Option 1 (Xiaomi, vivo):       SSB has to be in active BWP.
· Option 2 (ZTE, HW, CMCC, Apple):               Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available at the UE at least once every 160 ms regardless whether SSB is in active BWP.
· Option 2a (MTK, QC, vivo): Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available at the UE at least once every 160 ms and the SSB is in active BWP.
· Option 3 (E///, Nokia): Te requirements are met under any of the following scenarios:
· SSB is in the UE’s active BWP, or 
· SSB is not in the UE’s active BWP (RedCap BWP) but the following condition is met:
· UE’s active BWP(RedCap BWP) and initial BWP are within 20 MHz for FR1, or within 100 MHz for FR2.


This contribution discusses the above open issue.
2 Discussion
In this section, we discuss the remaining open issue as listed in section 1.
2.1 Conditions for Tx timing requirements for legacy device
Legacy RRM requirements in TS 38.133 for the initial UL transmission are built on the assumption that the SSB is available within the time interval of 160 ms prior to transmission. No restriction applies where the SSB is located:
	TS 38.133, subclause 7.1.2
“The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms.”


For gradual timing adjustment, no condition for the SSB is specified, hence the same condition can be assumed for the SSB availability. 
However, the eMBB UE operates in the BW range of 5-100 MHz in FR1 and 50-400 MHz in FR2, whilst RedCap UE has reduced maximum BW of 20 MHz in FR1 and 100 MHz in FR2. Hence it cannot be expected that RedCap UE will be able to cope with a scenario where the SSB is located outside the maximum RedCap BW, that covers the active BWP.
The following proposal is made: 
For meeting Tx timing requirements in TS 38.133, it is not expected that RedCap UE will be 			able to cope with a scenario where the SSB is located outside the maximum RedCap BW, that 		covers the active BWP.
2.2 Refined conditions for NCD-SSB operation
The incoming RAN1 LS [4] refines the conditions for NCD-SSB operation according to Table 1.
Table 1: UE expectation for NCD operation in different DL BWP configurations according [4].
	Operation in
	Type of DL BWP and configuration
	Allocation of CD-SSB / NCD-SSB in active DL BWP

	Idle / Inactive mode
	· default/separate initial DL BWP configured for paging
	CD-SSB and CORESET#0 (for FR1) are required

	Connected mode
	· separate initial DL BWP configured for paging 
· in BWP#0 configuration option 1
	CD-SSB and CORESET#0 (for FR1) are required

	
	· in separate initial DL BWP configured for paging 
· in BWP#0 configuration option 2
	UE supporting FG 6-1: 
UE expects NCD-SSB and no CORESET#0 (for FR1)

	
	· 
	UE supporting optional FG6-1a: 
UE expects no SSB/CORESET#0/SIB

	
	· in RRC-configured active DL BWP
· containing SSB
	Either CD-SSB and the entire CORESET#0 (for FR1) are required 

	
	· 
	Or NCD-SSB is required (no CORESET#0, no SIB), whereby NCD-SSB and CD-SSB share the same SSB index (QCL’ed)

	
	· in RRC-configured active DL BWP
· without CD-SSB / NCD-SSB
	UE supporting FG 6-1: UE cannot operate as it expects NCD-SSB. 

	· 
	· 
	UE supporting optional FG6-1a (w/ and w/o CSI-RS support): 
UE indicating ‘Not need NCD-SSB’ measures CD.SSB outside the active DL BWP in implementation specific way.


From table 1, it can be seen, that for UE supporting mandatory FG 6-1, either CD-SSB or NCD-SSB  is expected for initial DL BWP configured for paging, which the UE is monitoring to perform the initial transmission. Even in RRC- configured DL BWP, NCD-SSB is expected to be within active DL-BWP. Thus, this condition will ensure, no measurement gaps need to be configured for UE for serving cell and intra-frequency SSB measurements. 
The same conditions for CD-SSB and NCD-SSB operation, i.e. one of them being present in the active BWP, were approved at RAN#95-e in [5]:
	16.x.5	BWP operation
A RedCap UE in RRC_IDLE and RRC_INACTIVE monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB. If a RedCap-specific initial UL BWP is configured, RedCap UEs in RRC_IDLE and RRC_INACTIVE shall use only the RedCap-specific initial UL BWP to perform RACH. 
A RedCap UE may be configured with multiple NCD-SSBs provided that each BWP is configured with at most one SSB. In RRC_CONNECTED NCD-SSB may be configured for a RedCap UE to perform RLM, BFD, and serving cell measurements when the active BWP does not contain CD-SSB.


On the other side, there is no need to further consider the option of requiring CD-SSB or NCD-SSB to be located in the maximum BW of the RedCap UE (option 3 in [3]), as this would increase complexity in our view. 
The following proposal is made: 
Tx timing requirements for RedCap devices are based on UE’s supporting FG 6-1 				operation, which require CD-SSB or NCD-SSB presence in the active DL BWP.
2.3 Conditions for Tx timing requirements for RedCap device
Based on the above discussion, Tx timing requirements for RedCap devices should be based on UE’s supporting FG 6-1 operation, which expect presence of CD-SSB and CORESET#0 in case of FR1 or NCD-SSB in the active DL BWP. Thus we support option 2a in [3].
The following proposal is made: 
Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available 		at the UE at least once every 160 ms and the SSB is within the active BWP.
3 Conclusion
This contribution provides our view on the open RAN4 issue related to timing requirements.
The following proposals are made: 
1. For meeting Tx timing requirements in TS 38.133, it is not expected that RedCap UE will be 		able to cope with a scenario where the SSB is located outside the maximum RedCap BW, that 	covers the active BWP.
Tx timing requirements for RedCap devices are based on UE’s supporting FG 6-1 				operation, which require CD-SSB or NCD-SSB presence in the active DL BWP.
Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available 		at the UE at least once every 160 ms and the SSB is within the active BWP.
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