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1	Introduction 
RAN1 finished discussion on non-cell defining SSB (NCD-SSB) in RAN1-106e and sent an LS late week on the RAN2 and RAN4 views on this topic, with the relevant LS content pasted in the Appendix below. This paper discusses the topics relevant to RAN2 as part of the LS reply discussion.
2   Discussion
2.1   NCD-SSB for RRM/RLM/BFD
We start off with potentially controversial topic of using the NCD-SSB for RRM.
	1. [RAN2/4] whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC



In current specification, the UE can be configured with a reference signal (SSB or CSI-RS) as part of mobility, and the UE uses the reference signal measurement as part of actions associated with the measurement object (reporting event etc..). There is no requirement that the configured RS should be the CD-SSB for the UE if the UE transfers to the new cell (for eg., this is not possible for the CSI-RS case anyway). Also, it is already possible for the NW to handover UE to a BWP of the target cell where the RS UE was measuring before the HO, might not be present in that BWP. In the legacy case, the UE would be using measurement gaps to measure in that case, while we understand RAN1’s discussion is to provide the NCD-SSB to prevent the re-tuning for RedCap UEs that might result from this. 
The one open item is the usage of the NCD-SSB for serving cell measurements, which is new. 
But if we look closely at the UE operation of using NCD-SSB for RRM of the serving cell, the UE just measures the RS and does L3 filtering. The main idea here being that from UE perspective, the NCD-SSB is to be used for :
· Timing and frequency adjustments
· Using the measured signal strength to trigger RRM events
If the NCD-SSB can provide the same time/freq input as the CD-SSB, then the specification impact from RAN2 would be in adapting the configuration/handling of NCD-SSB for RRM instead of CD-SSB. So we think it should be feasible from RAN2 perspective. 
Observation 1: If the UE can assume the same CD-SSB time/frequency tracking derivations from the NCD-SSB, then RRM of the serving cell using NCD-SSB would have minimal new impact from RAN2 specificatiton.
The current specification already provides the means for the NW to provide a separate RS for RLM/BFD compared to the CD-SSB. So we think this should also have minimal impact. 
For the idle/INACTIVE mode aspects, we see that the CD-SSB can potentially be replaced with UE measuring NCD-SSB for various activites:  paging reception, RO selection, mobility related etc.
Regarding paging reception, the key information the RS (as CD-SSB) provides is again the fine-tuning of time/freq tracking before the UE reception of PDCCH/PDSCH associated with paging searchspace and more importantly, the association to the corresponding beam as indicated by the SSB index. As long as NCD-SSB can provide these, the specification change from RAN2 perspective would be in configuration to the UE and UE adaptation procedure (which should be minimal).
Similar arguments can be made for RO selection as well, as it is just a matter of NW configuring the RO configuration (per beam) which is similar to the CD-SSB configuration).
Observation 2: In IDLE/INACTIVE, as long as the NCD-SSB provides the same input as the CD-SSB (same timing reference, same beam information etc..), the UE can use NCD-SSB. RACH handling can also be simplified, if the RO configuration matches the CD-SSB’s. In other words, if the NCD-SSB has the same beam confg  as the CD-SSB including the SS-burst set info etc. 
In our understanding, if the NCD-SSB follows the same configuration as CD-SSB (in time/beams and for frequency a configured offset), then the RAN2 impact for handling NCD-SSB for both IDLE/INACTIVE and CONNECTED mode operation would be minimal and feasible.
The last open item is on the timing interval (SMTC config) of the NCD-SSB. While we see that it would be useful for the NCD-SSB to also follow the same SMTC config as the CD-SSB, we do see that NCD-SSB might not be needed in some cases:
· If the NW has not configured an initial DL BWP for RedCap with NCD-SSB for paging/SI
· And if the NW knows that there are no RedCap UEs it is serving in CONNECTED mode using the NCD-SSB
· And if there are no neighbor cells advertising the RedCap UEs with the NCD-SSB as the re-selection parameter,
Then the NCD-SSB does not even need to be broadcasted. Also, in cases where the NCD-SSB is not available, the UE might use the CD-SSB in IDLE/INACTIVE for internal time/freq tracking purposes.
Observation 3: While it is beneficial to have the NCD-SSB follow the same SMTC timing as CD-SSB, the NW is aware of how the NCD-SSB is being used and so it has the knowledge to know how to configure this.  The timing of NCD-SSB could then be relaxed assuming that the UE has CD-SSB in cases it needs to use the RS for tuning and NCD-SSB is not available in time.

	
1. [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE



Continuing our observations from above, we see that the RAN2 specification impact is minimal if the NCD-SSB has the same configuration as the CD-SSB, including the derivation of QCL interpretation from the UE. Also we see that it should be feasible (pending on RAN4) from RAN2 perspective to use NCD-SSB as QCL source. Also it is the intention of RAN1 that the NCD-SSB provides the QCL reference to the PDCCH/DMRS (for eg) when in CONNECTED mode, to avoid UE to retune to get this info from the CD-SSB (which might be not present in the active BWP).
Observation 4: It is feasible and beneficial for the NCD-SSB to provide the QCL source for other channels and RAN2 can adapt its specification to handle this.
	1. [RAN2] whether/when the PCIs indicated by the NCD-SSB and CD-SSB can be the same/different, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE



Having a different PCI (while RAN2 allows it) would result in having the UE mapping the PCIs which is something that is not really needed. It also required the NW to also save the mapping between different PCIs of NCD-SSB and CD-SSB, which can be avoided.
Observation 5: It is simpler and beneficial to have the CD-SSB and NCD-SSB carry the same PCI. 
	1. [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE



As mentioned above, one of the usecases of UE using RO based on NCD-SSB would be to derive the beam for RACH assuming that NCD-SSB would be with similar beam config as the CD-SSB. So it is actually very beneficial to have the same block indices between the NCD-SSB and CD-SSB.
Observation 6: It is beneficial to have the NCD-SSB and CD-SSB have the same SSBurst set config including the block indices. Without the same configuration, the specification of RAN2 has to adapt to UE handling different configurations between NCD-SSB and CD-SSB and it is not preferred.
	1. [RAN2/4] whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs



Current specification already has Ratematching configuration that prevents the UEs from accessing certain parts of time/frequency of the cell PRBs that might be used for other purposes that the UE is not intended to process. Also, it is our assumption that NCD-SSB would be within the RedCap specific BWP and that all the UEs accessing this part of the frequency would be RedCap UEs. 
Observation 7: No limitation is necessary assuming the NCD-SSB is within the RedCap specific BWP and the UEs accessing these resources would need to be configured with NCD-SSB anyway. In addition, if there is a need for limitation, the existing RRC configuration (via rate-matching) can provide the limitation.
	1. [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation
1. [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity



We see that both of the above require inputs from RAN4 as well, but from RAN2 perspective, while the CSI-RS can provide the timing/tracking info for the UE, the configuration of the CSI-RS differs from the SSB configuration and so there is no one-to-one match between CSI-RS and CD-SSB. And this can result in additional spec changes to RO handling. Also, measurement gaps for every RedCap UEs to retune to CD-SSB could result in system level inefficiencies.
To us, the introduction of new RS has been the approach RAN has been tacking (for eg., RS for SCell activation) and we see that introduction of NCD-SSB is in the similar direction.
On the feasibility of RedCap UE retuning to CD-SSB instead of NCD-SSB, we think it is feasible when the NCD-SSB has larger periodicity and the UE needs a RS for correction in tracking (where there is no explicit input expected from the gNB)
Observation 8: CSI-RS does not provide the same level of information as the CD-SSB when being viewed as a replacement of the CD-SSB. 
As can be seen from the above, we think that the specification impact from RAN2 perspective could be minimal if the NCD-SSB has the same configuration as the CD-SSB (except for being in a different frequency) in terms of SSB burst/beam index and configuration and QCL information/derivation. While we prefer the NCD-SSB to also have the same periodicity as CD-SSB, we see that it is possible to relax the NCD-SSB periodicity compared to the CD-SSB.
Proposal 1: Capture the below as part of the RAN1 reply LS:
· It is feasible to adapt the NCD-SSB for RedCap in Rel-17 and the specification impact from RAN2 perspective could be minimal if the NCD-SSB has the same configuration as the CD-SSB (except for being in a different frequency) in terms of SSB burst/beam index and configuration and QCL information/derivation.
· RAN2 needs changes to RRM on using NCD-SSB but here too, the impact would be minimal if the NCD-SSB has the above requirement.
· In IDLE/INACTIVE, the NCD-SSB can have a larger periodicity compared to CD-SSB, assuming that the UE has access to CD-SSB.

3	Conclusions
Observation 1: If the UE can assume the same CD-SSB time/frequency tracking derivations from the NCD-SSB, then RRM of the serving cell using NCD-SSB would have minimal new impact from RAN2 specificatiton.
Observation 2: In IDLE/INACTIVE, as long as the NCD-SSB provides the same input as the CD-SSB (same timing reference, same beam information etc..), the UE can use NCD-SSB. RACH handling can also be simplified, if the RO configuration matches the CD-SSB’s. In other words, if the NCD-SSB has the same beam confg  as the CD-SSB including the SS-burst set info etc. 
Observation 3: While it is beneficial to have the NCD-SSB follow the same SMTC timing as CD-SSB, the NW is aware of how the NCD-SSB is being used and so it has the knowledge to know how to configure this.  The timing of NCD-SSB could then be relaxed assuming that the UE has CD-SSB in cases it needs to use the RS for tuning and NCD-SSB is not available in time.
Observation 4: It is feasible and beneficial for the NCD-SSB to provide the QCL source for other channels and RAN2 can adapt its specification to handle this.
Observation 5: It is simpler and beneficial to have the CD-SSB and NCD-SSB carry the same PCI. 
Observation 6: It is beneficial to have the NCD-SSB and CD-SSB have the same SSBurst set config including the block indices. Without the same configuration, the specification of RAN2 has to adapt to UE handling different configurations between NCD-SSB and CD-SSB and it is not preferred.
Observation 7: No limitation is necessary assuming the NCD-SSB is within the RedCap specific BWP and the UEs accessing these resources would need to be configured with NCD-SSB anyway. In addition, if there is a need for limitation, the existing RRC configuration (via rate-matching) can provide the limitation.
Observation 8: CSI-RS does not provide the same level of information as the CD-SSB when being viewed as a replacement of the CD-SSB. 

Proposal 1: Capture the below as part of the RAN1 reply LS:
· It is feasible to adapt the NCD-SSB for RedCap in Rel-17 and the specification impact from RAN2 perspective could be minimal if the NCD-SSB has the same configuration as the CD-SSB (except for being in a different frequency) in terms of SSB burst/beam index and configuration and QCL information/derivation.
· RAN2 needs changes to RRM on using NCD-SSB but here too, the impact would be minimal if the NCD-SSB has the above requirement.
· In IDLE/INACTIVE, the NCD-SSB can have a larger periodicity compared to CD-SSB, assuming that the UE has access to CD-SSB.

4	Appendix
	· For FR1, following options:
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Option 2:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· 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.
· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.
· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),
RedCap UE expects it to contain NCD-SSB for serving cell [FFS: or CSI-RS or measurement gap configuration] but not CORESET#0/SIB.



RAN1 respectfully requests RAN2 and RAN4 to provide feedback about the use of NCD-SSB instead of CD-SSB in terms of functionality feasibility, performance/coexistence, and specification/implementation impacts (when applicable) for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB. Specifically, RAN1 would like RAN2/RAN4 to respond to the following questions before the RAN1#107-e meeting:
1. [RAN2/4] whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
1. [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE
1. [RAN2] whether/when the PCIs indicated by the NCD-SSB and CD-SSB can be the same/different, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
1. [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
1. [RAN2/4] whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs
1. [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation
1. [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
1. [RAN2/4] any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement
In order for the RAN1 work within the Rel-17 RedCap WI to be finalized in December 2021 as expected, RAN1 would need responses from RAN2 and RAN4 already before RAN1#107-e, which starts 11th November 2021.








