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1 Introduction
At RAN4 #109, RAN4 received an LS from RAN1 on NCD-SSB time offset for RedCap UEs in TDD [1]. The content of the LS sent to RAN2 and copied to RAN4 is replicated below. 
	1	Overall description
RAN1 has discussed an issue with NCD-SSB time offset for RedCap UEs in TDD. The discussion is captured under Issue #3 in the feature lead summary in R1-2310323.
Following the discussion, RAN1 made the following agreement:
· For RedCap UE in TDD, the NW ensures that the NCD-SSB time domain location is a subset of the time domain location of CD-SSB.
RAN1 respectfully requests RAN2 to take the above into account in their future work.
2	Actions
To RAN2:
ACTION: 	RAN1 respectfully requests RAN2 to take the above into account in their future work.


In this contribution, we provide a discussion on the impact of this agreement to UE and network. 
2 Discussion
[bookmark: _Hlk158136976]In this section the previous RAN4 work on this matter is depicted, and the change in the RAN1 LS [1] is discussed.
2.1 Previous RAN4 work 
The issue of NCD-SSB time offset has been discussed for NR_redcap in Q2 and Q3 in 2022. 
Based on RAN2 LS [2] asking feasibility and need for the time offset between CD-SSB and NCD-SSB at RAN4#103-e, RAN4 sent a reply in [3] confirming 
· It’s feasible and needed to configure an offset for transmitting CD-SSB and NCD-SSB(s) at different times. 
· The detail time offset configuration for CD-SSB and NCD-SSB is left to network. 
At RAN4 #104 a further LS was sent to RAN2 in [4] confirming to RAN2 the NCD-SSB time offset values, i.e.
· To add to the already specified figures (0ms, 5ms, 10ms and 15ms) the MGRP values 20ms, 40ms and 80ms. 
2.2 Recent RAN1 and RAN2 work 
RAN1 had following agreement at RAN1 #114bis in [1] (To: RAN2, Cc: RAN4) 
· For RedCap UE in TDD, the NW ensures that the NCD-SSB time domain location is a subset of the time domain location of CD-SSB.
From the RAN1 discussion on how to handle TDD UL validation of flexible symbols that collide with NCD-SSB, it was agreed that the preferred solution is to restrict the time domain locations of NCD-SSB to a subset of those used by CD-SSB.
In RAN2, TS 38.331 was updated for Rel-17 to implement the RAN1 agreement. 
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It is noted that RAN4 was not involved in the decision making, although being previously involved.
2.3 Issues with no time offset 
As discussed in [5], we have concern in mandating no time offset between CD-SSB and NCD-SSB as agreed in RAN1 for TDD. This is due to following reasons.
CD-SSB is available in the initial DL BWP and always transmitted on the sync raster, whilst NCD-SSB is available in a dedicated DL BWP and may be configured on or off sync raster. 
If both are transmitted with QCL’ed condition, i.e. using the same SSB indexes in the same half frame, this will likely increase interference in the network due to time overlap. 
Furthermore, in case Tx power boosting is applied to CD-SSB, this may be restricted due to power sharing between CD-SSB and NCD-SSB in the same slot. 
It is noted that CD-SSB power boosting is specified in TS 38.213, clause 4.1: 
· “The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block is either 0 dB or 3 dB.” 
Thus, if CD-SSB power boosting of 3 dB is used, power for NCD-SSB may need to be restricted in case time offset = 0.
Figure 1 depicts a cell configuration with CD-SSB in the initial BWP and two DL active BWPs with NCD-SSB each..
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Figure 1: Exemplary cell configuration with CD-SSB and two NCD-SSBs.
Different power levels for CD-SSB and NCD-SSB is not appropriate if the UE derives SS-RSRP and SS-RSRQ measurement in case of handover, from NCD-SSB in the dedicated active BWP of the serving cell and is handed over to initial BWP with CD-SSB in the target cell. 
Moreover, with time offset set to 0, both SSB’s are sent in the same time window and a RedCap UE is not supposed to measure them concurrently. 
Thereagainst, if CD-SSB and NCD-SSB are sent in subsequent half frames, i.e. CD-SSB in first half frame and NCD-SSB in second half frame using the same SSB indexes, there is no time overlap and no constraint on TX power boosting, neither for CD-SSB, nor for NCD-SSB. A RedCap UE then is supposed to measure both SSB’s in the same frame. Time offsets are allowed for FDD, thus should also be configurable for TDD.

For TDD, RAN1 considers the collision of flexible symbols, used for TDD UL validation, with NCD-SSB. In our view, these collisions are avoidable by proper scheduling. Moreover, the network drawbacks when required to use the same timeslot, as described above, outweight the UE extra  implementation impact needed to differentiate NCD-SSB and CD-SSB for collision/UL validation purposes.

In case of non-zero time offset of NCD-SSB relative to CD-SSB, also configurable for TDD, CD-SSB and NCD-SSB power boosting can be applied and hence coverage issues can be mitigated, in particular for 1 Rx RedCap devices, and it is expected that also HO success rate can be improved compared against the “no NCD-SSB time offset” case.

The following observations are made:
Restricting time offset between CD-SSB and NCD-SSB to 0, i.e. NCD-SSB needs to be transmitted in a subset of CD-SSB occasions, yields higher interference in the network.
Restricting time offset between CD-SSB and NCD-SSB to 0, may restrict the use of CD-SSB power boosting in the cell, which serves for improving coverage, in particular for 1 Rx RedCap UE devices, and quality of handovers. 
The following proposal is made. 
RAN4 to send a Reply LS to RAN1 requesting them to revert the agreement on NCD-SSB time offset for TDD and to specify CD-SSB + NCD-SSB cell configurations allowing a time offset between CD-SSB and NCD-SSB for TDD. 
In the Annex, the draft Reply LS to RAN1 is provided.  
3 Conclusion
In this document, the impact of restricting NCD-SSB time offset relative to CD-SSB to 0 for TDD, as informed by the RAN1 LS [1], is described for UE and network.
The following observations are made:
1. Restricting time offset between CD-SSB and NCD-SSB to 0, i.e. NCD-SSB needs to be transmitted in a subset of CD-SSB occasions, yields higher interference in the network.
Restricting time offset between CD-SSB and NCD-SSB to 0, may restrict the use of CD-SSB power boosting in the cell, which serves for improving coverage, in particular for 1 Rx RedCap UE devices, and quality of handovers. 
The following proposal is made. 
1. [bookmark: _Hlk158927448]RAN4 to send a Reply LS to RAN1 requesting them to revert the agreement on NCD-SSB time offset for TDD and to specify CD-SSB + NCD-SSB cell configurations allowing a time offset between CD-SSB and NCD-SSB for TDD. 
In the Annex, the draft Reply LS to RAN1 is provided.  
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1. Overall Description:
RAN4 thanks RAN1 for their LS on NCD-SSB time offset for RedCap UEs in TDD in R4-2318008 / R1-2310566. 
RAN1 informed RAN4 about the change for the NCD-SSB time offset relative to CD-SSB for TDD: 
“For RedCap UE in TDD, the NW ensures that the NCD-SSB time domain location is a subset of the time domain location of CD-SSB.”
RAN4 has previously discussed the issue with RAN2 and sent LSs in R4-2210599 and R4-2214488 to RAN2, specifying a range of 0 to 80ms for the NCD-SSB time offset for both FDD and TDD.
It is RAN4 view that the network should not be constraint in configuring either no time offset, or an appropriate time offset, both for FDD and TDD. RAN4 has concern that in case no time offset is applied, higher interference is generated by concurrent CD-SSB and NCD-SSB transmission and furthermore it may lead to restrictions for using CD-SSB power boosting, which may negatively impact on coverage, in particular for 1 Rx RedCap devices, and impact on handover quality. 
RAN4 respectfully asks RAN1 to take the above into account, to revert the agreement on NCD-SSB time offset for TDD and to specify CD-SSB + NCD-SSB cell configurations allowing a time offset between CD-SSB and NCD-SSB also for TDD.
2. Actions:
To RAN1
ACTION: RAN4 respectfully asks RAN1 to take the above into account, to revert the agreement on NCD-SSB time offset for TDD and to specify CD-SSB + NCD-SSB cell configurations allowing a time offset between CD-SSB and NCD-SSB also for TDD.


3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #110bis             	15th - 19th April 2024	Changsha, CN 
TSG-RAN WG4 Meeting #111	20th - 24th May 2024 	Fukuoka, JP
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