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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]. Core part of the WI was closed in RAN4#104e and most of the issues were resolved with a few minor issues to be settled. In this contribution we further discuss some of the open issues needed to complete the WI.
Handover with NCD-SSBs
For the past few meetings, RAN4 has been discussing whether the following scenario can be considered as Handover to known cell or unknown cell:
· Handover to a BWP which has different SSB than the one used during measurement 

Companies have diverging views on this topic as captured in the WF[2]:Requirements for HO to a BWP which has different SSB with the one used for measurement
· Option 1 (Ericsson, HW, Nokia, Apple, Intel, CMCC, OPPO, Xiaomi, HW): No additional delay is needed when UE handover to a BWP which has different SSB type with the one used for measurement.  
· Option 2 (QC, MTK): The scenario when handover is performed to a BWP which has different SSB than the one used during measurement should be considered as handover to an unknown cell. Capture the above condition as a note in the Handover related section in TS38.133
· Option 2a (QC): When handover is performed to a known cell where the SSB associated with the first active BWP is different from the SSB used during intra-frequency or inter-frequency measurements of the target cell, then Tsearch = Trs ms if the target cell is intra-frequency cell and Tsearch = 2* Trs ms if the target cell in inter-frequency cell.”
· Compromise (new) Option 3 (Ericsson, vivo, Apple): An additional delay is allowed if some conditions are met, such as the frequency difference between NCD-SSB and CD-SSB is larger than a threshold.
· Option 4 (new) (Ericsson): Additional delay is allowed if the frequency difference between NCD-SSB and CD-SSB is larger than a threshold.




In our understanding, if the SSB used for measurement is different from the one within the first active BWP, UE may need to perform AGC and time/frequency tracking on the SSB within the first active BWP in order to guarantee performance.
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In the above example, the UE may be configured to measure the CD-SSB of the target cell, but the Handover may be triggered to the BWP containing NCD-SSB. Since the SSBs are separated in frequency, the channel conditions may be slightly different and AGC retuning is needed. So, we believe that this scenario should be considered as Handover to an unknown cell as the time required to search the cell (Tsearch in HO delay) is non-zero. 
However, some companies pointed that since the two SSBs are QCL’d, they carry the same cell-specific information and hence the cell cannot be considered as unknown cell. We think this is a valid argument, and it is okay to consider this as known cell handover case. However, additional delay is still needed in this case to guarantee performance as explained earlier. So we agree with Option 2a.
Proposal 1: When handover is performed to a known cell where the SSB associated with the first active BWP is different from the SSB used during intra-frequency or inter-frequency measurements of the target cell, then Tsearch = Trs ms if the target cell is intra-frequency cell and Tsearch = 2* Trs ms if the target cell in inter-frequency cell.
RRC re-establishment delay and RRC connection release with re-direction delay
In the last meeting, it was agreed to extend the RRC re-establishment delay and RRC connection release with re-direction delay when the RedCap specific BWP is configured for RA, as captured in the WF [2]:When the Redcap specific initial BWP is configured for RA, extend RRC connection release with re-direction delay by X ms

· X = TBD

When the Redcap specific initial BWP is configured for RA, extend RRC connection release with re-direction delay by X ms
Tconnection_release_redirect_NR = TRRC_procedure_delay + Tidentify-NR + TSI-NR + TRACH + X
· X = TBD




A RedCap UE may be configured with an additional Redcap specific initial BWPs for random access procedures. Such BWPs may not be configured with CD-SSBs. This means that the CD-SSB would be configured in the non-RedCap specific initial BWP, while the ROs will be configured in Redcap specific BWPs. In this case, the UE first need to identify the cell and obtain system information before transmitting the RACH. The cell-search and SI acquisition procedure needs to be carried out in the non-RedCap initial BWP as the RedCap initial BWP (configured for RACH) may not have an associated CORESET. The UE may later be required to switch to the RedCap specific initial BWP where ROs are configured to transmit the RACH. So, an additional delay equivalent to RRC based BWP switching delay is needed as compared to Rel-15/16 requirements to handle this scenario. 
Observation 1: During RRC Connection release with redirection and RRC re-establishment procedures, a Redcap UE needs to perform a BWP switch from non-Redcap specific initial BWP (which contains CD-SSBs and CORESET0 and SI) to Redcap-specific initial BWP (which contains ROs) to transmit RACH when the Redcap-specific initial BWP is configured for RA only.
Observation 2: During RAN4#104bis-e, it was agreed to extend the RRC re-establishment delay and RRC connection release with re-direction delay by X ms, where X is FFS.
Proposal 2: Use the following value for X:
· X = 6ms (RRC based BWP switching delay)
· X is the extension of RRC re-establishment delay and RRC connection release with re-direction delay when the Redcap specific initial DL BWP is configured for RA
Timing requirements when SSB is not in the active BWP
RAN4 has agreed to the following on UE transmit timing requirements [3]:Whether SSB has to be in UE active BWP for meeting the UE transmit timing requirements
For core requirement, 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 on the following conditions that
· The SSB should be within active BWP, or
· The SSB is not within active BWP, and the gap is configured
· Capture the condition in the section for RedCap timing of the specification


Based on the above agreement, if an SSB is not configured within the active BWP, the UE will obtain the reference timing by measuring the SSB (outside the active BWP) within a measurement gap. Since no NCD-SSB is configured in this case, the measurement will be done on the serving cell CD-SSB, which is classified as intra-frequency measurement. Intra-frequency measurements with gaps are specified as below (TS 38.133, Clause 9.2.6.3)
Table 9.2.6.3-1: Measurement period for intra-frequency measurements with gaps(FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil(5 x Kgap )x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kgap) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil(5 x Kgap ) x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:	For a UE supporting concurrent gaps, if multiple concurrent gaps are configured, the MGRP is the periodicity of the MG pattern associated to the intra-frequency layer.



Observation 3: UE is required to meet the timing requirements if an SSB is available in the last 160ms
Observation 4: When an SSB is not present in the active BWP, UE measures the SSB outside of the active BWP within the configured measurement gaps. Such a measurement will be classified as intra-frequency measurement with gaps.
As specified in the table above, the measurement period depends on MGRP, SMTC and CSSFintra_RedCap, and since an SSB must be measured within the last 160ms to meet the timing requirements, the following condition is needed:
max (MGRP, SMTC period) x CSSFintra_RedCap <= 160 ms

Consider the case when the UE is configured with MGRP of 160ms and need to measure 2 inter-frequency MOs. RedCap UEs are assumed to have a single searcher and since the measurement gap has to be shared for intra-frequency and inter-fequency measurements, there is no way for the UE to measure the serving cell SSB in every 160ms.
Observation 5: Measurements performed within the measurement gaps depend on MGRP and SMTC period and are further scaled by CSSF.
Observation 6: RedCap UEs are assumed to have a single searcher which will be shared for all measurements to be done in the MG.
Proposal 3: UE shall meet UL Tx timing accuracy requirement based on intra-freq reference SSB outside active BWP if max (MGRP, SMTC period) x CSSFintra_RedCap <= 160 ms

Conclusion
Proposal 1: When handover is performed to a known cell where the SSB associated with the first active BWP is different from the SSB used during intra-frequency or inter-frequency measurements of the target cell, then Tsearch = Trs ms if the target cell is intra-frequency cell and Tsearch = 2* Trs ms if the target cell in inter-frequency cell.
Observation 1: During RRC Connection release with redirection and RRC re-establishment procedures, a Redcap UE needs to perform a BWP switch from non-Redcap specific initial BWP (which contains CD-SSBs and CORESET0 and SI) to Redcap-specific initial BWP (which contains ROs) to transmit RACH when the Redcap-specific initial BWP is configured for RA only.
Observation 2: During RAN4#104bis-e, it was agreed to extend the RRC re-establishment delay and RRC connection release with re-direction delay by X ms, where X is FFS.
Proposal 2: Use the following value for X:
· X = 6ms (RRC based BWP switching delay)
· X is the extension of RRC re-establishment delay and RRC connection release with re-direction delay when the Redcap specific initial DL BWP is configured for RA

Observation 3: UE is required to meet the timing requirements if an SSB is available in the last 160ms
Observation 4: When an SSB is not present in the active BWP, UE measures the SSB outside of the active BWP within the configured measurement gaps. Such a measurement will be classified as intra-frequency measurement with gaps.
Observation 5: RedCap UEs are assumed to have a single searcher which will be shared for all measurements to be done in the MG.
Observation 6: Measurements performed within the measurement gaps depend on MGRP and SMTC period and are further scaled by CSSF.
Proposal 3: UE shall meet UL Tx timing accuracy requirement based on intra-freq reference SSB outside active BWP if max (MGRP, SMTC period) x CSSFintra_RedCap <= 160 ms
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