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1 Introduction

In last RAN2 meeting [1], a LS regarding NCD-SSB offset with CD-SSB is sent to RAN1 and RAN4.

	1. Overall Description:

In RAN2#117-e, it was concluded that, from RAN2 signalling standpoint, CD-SSB and NCD-SSB(s) may be transmitted at different times by configuring an offset. RAN2 would like to ask RAN4 and RAN1 whether such offset is feasible/needed.
2. Actions:

To RAN4 and RAN1

ACTION: 
RAN2 kindly asks RAN4 and RAN1 to take the information above into consideration and provide feedback.


In this contribution, whether such offset is feasible or needed is mainly discussed from RAN1’s perspective. 
2 Discussions

If an offset between NCD-SSB and CD-SSB is configured, the illustration is shown as follows:
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Figure 1. Offset between NCD-SSB and CD-SSB
According to the RAN1 agreement, the NCD-SSB should be QCL-ed with CD-SSB if they have the same SSB index.
	Agreement: [38.213]
A RedCap UE supports existing applicable mandatory feature(s) that are based on SSB using NCD-SSB (including NCD-SSB based measurements) as mandatory feature(s) in an RRC-configured DL BWP that does not include CD-SSB.

NCD-SSB is ‘QCL’-ed with CD-SSB when the NCD-SSB and CD-SSB share the same SSB index.

Note: RAN1 assumes that NCD-SSB is configured by higher layer


Additionally, according to the RAN2 definition [2], the NCD-SSB share the same index with CD-SSB.

	nonCellDefiningSSB-r17
If configured, the UE operating in this BWP uses this SSB for the purposes for which it would otherwise have used the cell-defining SSB of the serving cell (e.g. obtaining sync, measurements (FFS on measurements), RLM,...). Furthermore, other parts of the BWP configuration that refer to an SSB (e.g. the "SSB" configured in the QCL-Info IE; the "ssb-Index" configured in the RadioLinkMonitoringRS; CFRA-SSB-Resource; PRACH-ResourceDedicatedBFR) refer implicitily to this NCD-SSB. 

The NCD-SSB has the same values for the properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) of the corresponding CD-SSB apart from the values of the properties configured in the NonCellDefiningSSB-r17 IE.


In legacy, there is no offset between NCD-SSB and CD-SSB. The QCL relationship for the CD-SSB and NCD-SSB with the same index is clear and the RF can also be shared to transmit analog beam. However, if the offset is introduced between CD-SSB and NCD-SSB and the analog beam is shared, there would have the impacts on the QCL relationship. 

Observation 1: Offset between CD-SSB and NCD-SSB may have the impacts on the QCL relationship.

Additionally, according to the current specification, the starting symbol for SSB is fixed as following:

	For a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined according to the SCS of SS/PBCH blocks as follows, where index 0 corresponds to the first symbol of the first slot in a half-frame. 
-
Case A - 15 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes of [image: image3.png](2.8} + 14+



. 

-
For operation without shared spectrum channel access:
-
For carrier frequencies smaller than or equal to 3 GHz, [image: image5.png]


. 

-
For carrier frequencies within FR1 larger than 3 GHz, [image: image7.png]n=0123



.

-
For operation with shared spectrum channel access, as described in [15, TS 37.213], [image: image9.png]n=0,1,234



.
-
Case B - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: image11.png](4,8,16,20} + 28 n



. For carrier frequencies smaller than or equal to 3 GHz, [image: image13.png]


. For carrier frequencies within FR1 larger than 3 GHz, [image: image15.png]


.
-
Case C - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: image17.png](2.8} + 14+



. 

-
For operation without shared spectrum channel access
-
For paired spectrum operation
-
For carrier frequencies smaller than or equal to 3 GHz, [image: image19.png]


. For carrier frequencies within FR1 larger than 3 GHz, [image: image21.png]n=0123



. 

-
For unpaired spectrum operation
-
For carrier frequencies smaller than 1.88 GHz, [image: image23.png]


. For carrier frequencies within FR1 equal to or larger than 1.88 GHz, [image: image25.png]n=0123



.

-
For operation with shared spectrum channel access, [image: image27.png]n=0,1,23,




.
-
Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: image29.png](4,8,16,20} + 28 n



. For carrier frequencies within FR2, [image: image31.png]n=0,1,2,3,56,7,8,10,11,12,13,15,16,17,18



.

-
Case E - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: image33.png](8,12,16,20,32,36,40,44) + 56 -



. For carrier frequencies within FR2-1, [image: image35.png]


.

-
Case F – 480 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: image37.png](2,9} + 14 n



. For carrier frequencies within FR2-2, [image: image39.png]n=0,1,23,

,8,9,10,11,12,13,14,15,16,17, 18,19, 20, 21, 22, 23, 24,25, 26, 27, 28, 29, 30, 31.



 

-
Case G – 960 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: image41.png](2,9} + 14 n



. For carrier frequencies within FR2-2, [image: image43.png]n=0,1,23,

,8,9,10,11,12,13,14,15,16,17, 18,19, 20, 21, 22, 23, 24,25, 26, 27, 28, 29, 30, 31.






If the offset between NCD-SSB and CD-SSB is introduced, the starting symbol of the NCD-SSB may requires modification.

Observation 2: Introducing the offset between NCD-SSB and CD-SSB would have further RAN1 specification impacts on SSB starting symbols.
In legacy specification, the NCD-SSB and CD-SSB are configured without offset, and we do not see the strong motivation to support such kind of offset in Rel-17. Moreover, we don’t see any problem to simultaneously transmit the SSB and NCD-SSB.

Observation 3: NCD-SSB and CD-SSB are configured without offset in legacy and no strong motivation for configuring such offset is foreseen.

Also, considering the RedCap WI has been completed, further non-essential optimization should be deprioritized. Therefore, we have following proposal.
Proposal 1: There is no need to introduce the offset between CD-SSB and NCD-SSB.
3 Conclusion

In this contribution, we have discussed the necessity of NCD-SSB offset. The following proposals are presented:

Observation 1: Offset between CD-SSB and NCD-SSB may have the impacts on the QCL relationship.

Observation 2: Introducing the offset between NCD-SSB and CD-SSB would have further RAN1 specification impacts on SSB starting symbols.
Observation 3: NCD-SSB and CD-SSB are configured without offset in legacy and no strong motivation for configuring such offset is foreseen.

Proposal 1: There is no need to introduce the offset between CD-SSB and NCD-SSB.
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