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1 	Introduction
RAN4 received an LS documents from RAN1 [1], which indicates the set of agreements that RAN1 has reached on the use of NCD-SSB for RedCap. Also, RAN1 asked RAN4 to provide their feedback for the highlighted working assumptions:
	· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· 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
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.


After that, the RAN plenary has down-scoped the work on the use of NCD-SSB in RedCap UEs as given in the following agreements [2]: 
	1. RAN2 should work on the assumption that the cell reselection measurements and cell ranking is performed are based on measurements on the CD-SSB, regardless of whether the UE monitors paging in an initial BWP associated with CD-SSB (scheme 1) or an initial BWP associated with NCD-SSB (scheme 2). This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states.
2. Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17


Based on the above, the remaining working assumption topic that RAN4 needs to provide feedback for is relevant operation based on CSI-RS. Therefore, in this contribution paper we provide feedback to the RAN1 CSI-RS working assumption and we discuss other issues related to the use of NCD-SSB in RedCap devices. 
2 Discussion on relevant operation based on CSI-RS
RAN1 has the following working assumptions on ‘Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS and/or FG 6-1a by reporting optional capabilities’. Now, to understand the relevant operations based on CSI-RS, we should look at the feature list associated with CSI-RS from [3] under certain scenario, which is a UE operating in a BWP that does not include CD-SSB and has no NCD-SSB too.  
	Index
	Feature group

	1-4
	CSI-RS based RRM measurement with associated SS-block

	1-5
	CSI-RS based RRM measurement without associated SS-block

	1-6
	CSI-RS based RS-SINR measurement

	1-7
	CSI-RS based RLM

	1-8
	RLM based on a mix of SS block and CSI-RS signals within active BWP

	1-9
	CSI-RS based contention free RA for HO


Firstly, the feature of index 1-4 depends on the associated SSB, however, it is clear from RAN1 working assumptions that there is no SSB (NCD-SSB or CD-SSB) in the BWP, therefore, this feature is not applicable. Second, feature of index 1-5 is to perform CSI-RS based RRM measurements without associated SSB, however, from RAN4 specs has conditions (excerpt shown below) [4] in clause 9.10.2.5/9.10.3.5, which are regarding L3 measurements for intra/inter frequency. It is clear that CSI-RS is not a standalone signal and hence CSI-RS based L3 measurements is not feasible. Hence, feature 1-5 is not applicable for RedCap UEs. 
	‘for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, or if CSI-RS is configured with associated SSB but not QCL-ed to the associated SSB, the UE is not required to monitor the corresponding CSI-RS resource’


Third, feature 1-6 has dependencies to feature 1-4 and given that the latter depends on the use of an SSB (which is not included in this working assumption), hence the feature 1-6 is also not applicable to RedCap UEs. Fourth, regarding feature 1-7 RAN4 has no restriction on the CSI-RS based RLM and hence feature 1-7 can be applicable for RedCap UEs. Fifth, feature 1-8 has dependencies on SSB based RLM and given that SSB is not available, hence this feature is not applicable to RedCap UEs. Finally, feature 1-9 has dependencies on features 1-4 and 1-5 and where the latter depends on the SSB availability, hence this feature is not applicable. To concluded, only feature 1-7 is feasible as for RedCap operation and therefore the working assumption should be revised as: Not need NCD-SSB: A RedCap UE can in addition optionally support CSI-RS based RLM/BFD but can’t support CSI-RS based RRM measurements’.
Observation 1: [bookmark: _Ref92574133]If a UE is operating in a BWP without CD-SSB, the UE can perform CSI-RS based RLM/BFD.
Proposal 1: [bookmark: _Ref79150480]If a UE is operating in a BWP without CD-SSB or NCD-SSB, the UE can optionally support CSI-RS based RLM/BFD (L1 measurements) but can’t support CSI-RS based RRM (L3 measurements).
Proposal 2: [bookmark: _Ref92574214]RAN4 LS response to RAN1: 
‘In case a RedCap UE that supports FG 6-1a operates in a BWP that does not include the CD-SSB or an NCD-SSB, the UE can support RLM/BFD based CSI-RS but cannot support RRM based CSI-RS’.
3 Discussion on monitoring neighbouring cells
In a general network scenario, the RedCap UEs and the eMBB UEs can be connected to the same cells. As the RedCap UEs are not expected to have a heavy data traffic, hence for a small number of RedCap UEs the network should be able to serve these devices on a BWP that has the CD-SSB. Thus, the RRM procedure and the neighbouring cell measurements procedures are expected to be no different to any regular 5G UE. This means, like any regular 5G UEs, the RedCap devices can monitor intra-frequency neighbouring cells without the need for a gap. The RedCap devices are expected to have a gap when monitoring inter-frequency neighbouring cells, which is also the case for regular 5G UEs.
On the other hand, when the number of RedCap UEs increases in a cell then the network can configure the RedCap UEs to move to another BWP that includes NCD-SSB. Having the NCD-SSB in the BWP shall allow the RedCap UEs to perform all the serving cell measurements without the need to re-tune to a different frequency to perform measurement on the CD-SSB. Besides, the RedCap UEs are expected to have mobility, such as in wearable devices, hence the RedCap UEs are expected to monitor neighbouring cells and perform measurements and report to network so the latter can arrange the handover procedure when needed. Nevertheless, the neighbouring cells may not be transmitting NCD-SSB and hence the RedCap UEs shall re-tune to CD-SSB of the neighbouring cells. 
In case neighbour cells’ CD-SSB is used for measurements, the CD-SSB of ‘intra frequency neighbour cells’ would not align with the NCD-SSB of the serving cell, making them inter-frequency cells that require re-tuning for measurements. Measurement gaps will be required for monitoring these neighbour cells. Intra-frequency neighbour cells are the most typical candidates for handovers. Requiring measurement gaps to monitor these cells results in a frequent reduction in scheduling efficiency.
In order to avoid this scheduling inefficiency, we can leverage the NCD-SSBs of neighbour cells as well. If the network is aware that NCD-SSBs are transmitted by neighbour cells, it could provide the RedCap UE with this information. With planning, the NCD-SSBs of the serving and neighbour cells can be aligned (making them ‘intra-frequency measurements’), allowing the UE to monitor neighbour cells using these NCD-SSBs in place of requiring measurement gaps to monitor the CD-SSB of neighbour cells. Again, the NCD-SSB information can be signalled to the UE by allowing a measurement object to be associated with more than one SSB.
Of course, this will only work if NCD-SSBs are transmitted on neighbour cells. If not, measurements gaps will have to be configured to enable neighbour cell monitoring. 
In summary, the scenarios that can be supported or not supported are given as follow: 
· The RedCap UE shall support RRM measurements for neighbouring cells for the following scenarios: 
· The UE is operating in a BWP that includes CD-SSB. Hence, no need for measurement gaps.
· The UE is operating in a BWP that includes NCD-SSB and NCD-SSBs are transmitted by all neighbouring cells. Hence, no need for measurement gap.
· The UE is operating in a BWP that includes NCD-SSB, however, no NCD-SSB is provided by other neighbouring cell, yet the UE is configured with measurement gaps to re-tune to different frequency to measure CD-SSB.
· The RedCap UE shall NOT support RRM measurements for neighbouring cells for the following scenarios:
· The UE is operating in a BWP that does not include CD-SSB and does not include NCD-SSB and the network did not provide the UE with measurement gaps.
Observation 2: [bookmark: _Ref79095509]Re-tuning for measurements will require measurement gaps to monitor the neighbouring cell, yet, requiring measurement gaps to monitor these cells results in a frequent reduction in scheduling efficiency.
Observation 3: [bookmark: _Ref92574172]The RedCap UE can’t predict whether the neighbouring cells are transmitting NCD-SSB by itself, hence if the network is aware that NCD-SSBs are transmitted by neighbour cells, it could provide the RedCap UE with this information.
Proposal 3: [bookmark: _Ref79095657]If NCD-SSBs are transmitted in a neighbouring cell, the network can provide the UE with this additional information.
Proposal 4: [bookmark: _Ref92574241]In case the UE operates in a BWP that includes NCD-SSB, however, NCD-SSBs are not transmitted by neighbouring cells, the network must provide the UE with measurement gaps to monitor CD-SSB of these neighbour cells.
Proposal 5: [bookmark: _Ref92705835]The supported and unsupported scenarios by the UE are given below:
      . The UE shall support the following scenarios:
             . The UE is operating in a BWP that includes CD-SSB. Hence, no need for measurement gaps.
             . The UE is operating in a BWP that includes NCD-SSB and NCD-SSBs are transmitted by all neighbouring cells. Hence, no need for measurement gap.
             . The UE is operating in a BWP that includes NCD-SSB, however, no NCD-SSB is provided by other neighbouring cell, yet the UE is configured with measurement gaps to re-tune to different frequency to measure CD-SSB.
     . The UE shall not support the following scenario: 
             . The UE is operating in a BWP that does not include CD-SSB and does not include NCD-SSB and the network did not provide the UE with measurement gaps.
4 Summary
In this contribution, discussion on the use of NCD-SSB in RedCap UEs and response to RAN1 LS are provided and we have the following observations: 
Observation 1: If a UE is operating in a BWP without CD-SSB, the UE can perform CSI-RS based RLM/BFD.
Observation 2: Re-tuning for measurements will require measurement gaps to monitor the neighbouring cell, yet, requiring measurement gaps to monitor these cells results in a frequent reduction in scheduling efficiency.
Observation 3: The RedCap UE can’t predict whether the neighbouring cells are transmitting NCD-SSB by itself, hence if the network is aware that NCD-SSBs are transmitted by neighbour cells, it could provide the RedCap UE with this information.
Also. We have the following proposals:
Proposal 1: If a UE is operating in a BWP without CD-SSB or NCD-SSB, the UE can optionally support CSI-RS based RLM/BFD (L1 measurements) but can’t support CSI-RS based RRM (L3 measurements).
Proposal 2: RAN4 LS response to RAN1: 
‘In case a RedCap UE that supports FG 6-1a operates in a BWP that does not include the CD-SSB or an NCD-SSB, the UE can support RLM/BFD based CSI-RS but cannot support RRM based CSI-RS’.
Proposal 3: If NCD-SSBs are transmitted in a neighbouring cell, the network can provide the UE with this additional information.
Proposal 4: In case the UE operates in a BWP that includes NCD-SSB, however, NCD-SSBs are not transmitted by neighbouring cells, the network must provide the UE with measurement gaps to monitor CD-SSB of these neighbour cells.
Proposal 5: The supported and unsupported scenarios by the UE are given below:
      . The UE shall support the following scenarios:
             . The UE is operating in a BWP that includes CD-SSB. Hence, no need for measurement gaps.
             . The UE is operating in a BWP that includes NCD-SSB and NCD-SSBs are transmitted by all neighbouring cells. Hence, no need for measurement gap.
             . The UE is operating in a BWP that includes NCD-SSB, however, no NCD-SSB is provided by other neighbouring cell, yet the UE is configured with measurement gaps to re-tune to different frequency to measure CD-SSB.
     . The UE shall not support the following scenario: 
             . The UE is operating in a BWP that does not include CD-SSB and does not include NCD-SSB and the network did not provide the UE with measurement gaps.
[bookmark: _Ref92572437]References
[1] [bookmark: _Ref71639227][bookmark: _Ref85650672]R1-2112802, “LS on use of NCD-SSB or CSI-RS in DL BWPs for RedCap UE”.
[2] [bookmark: _Ref92572606]RP-213689, “Email discussion summary for [94e-39-R17-RedCap-WI]”.
[3] [bookmark: _Ref92572751]3GPP TR 38.822, “NR; User Equipment (UE) feature list (Release 16)”, V16.2.0.
[4] [bookmark: _Ref92573135]3GPP TS 38.133, “NR; Requirements for support of radio resource management (Release 17)”, V17.3.0.
