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1. Introduction

At the RAN1#90bis meeting, remaining details on NR synchronization signals (NR-SS) were discussed [1].

Regarding the indication of actually transmitted SS/PBCH blocks (SSB) in RMSI, RAN1 discussed following proposal. In RAN1#91 meeting, RAN1 needs to decide the indication method in RMSI.
	Proposal to confirm the working assumption:

· For indication in RMSI:

· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)

· A Group is defined as consecutive SS/PBCH blocks

· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted


Regarding the SSB composition, RAN1 made following agreements and working assumptions. In RAN1#91 meeting, RAN1 needs to finalize SSB composition.
	Agreements:

· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign

· Working assumption: 

· X=20 

· Y=2*(24-X) 

· Same mapping rule(frequency-first, time-second) for data and DMRS is applied

· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 

· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)

· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS

· After initial cell selection, the UE is expected to find a single SCS per frequency layer

· (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB


Regarding the multiple SSB transmissions within a wideband CC, there are several remaining issues that need clarification/decision. 
In this contribution, we discuss remaining details related to NR-SS including above topics.
2. Remaining details on synchronization signal
2.1. Actually transmitted SS/PBCH block indication
At the RAN1 NR-AH#3 meeting, RAN1 made the agreement that actually transmitted SS block index is indicated by both RMSI in compressed form and UE-specific RRC signaling with full bitmap. RAN1 also made the working assumption that actually transmitted SS block indication in RMSI is based on Alt.1, i.e. group-bitmap of 8 bits + bitmap in group of 8 bits. 

In previous meeting, several alternatives as follows were proposed and discussed. Some of alternatives, i.e. Alt. 2, 3, and 6, can reduce the signaling overhead compared with Alt. 1. However, if NW wants to transmit non-contiguous patterns of SS/PBCH block(s) in group and/or non-contiguous patterns of SS/PBCH block group(s), such alternatives will not able to achieve efficient SS/PBCH block transmission due to lack of flexibility for the indication in RMSI. On the other hand, Alt. 4 and 5 may provide more flexible scheduling of SS/PBCH block(s). However, they needs larger number of indication bits than that in Alt. 1. In the sense, we think that Alt.1 is well-balanced way to indicate actually transmitted SS block index.
Alt.1: Group-Bitmap + Bitmap in Group

Alt.2: Group-Bitmap + The number of actually transmitted SS/PBCH block in Group

Alt.3: Bitmap in Group + The number of actually transmitted Groups 

Alt.4: Group-Bitmap + The number of actually transmitted SS/PBCH block in each Group

Alt.5: The number of actually transmitted SS/PBCH blocks + starting index + gap between two consecutive SS/PBCH blocks

Alt.6: Group-Bitmap
Proposal 1: Confirm the following working assumption.
· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted
2.2. SS/PBCH block composition
In several RAN1 meetings, re-design of SSB has been extensively discussed in order to reduce SSB bandwidth. The updated design in the working assumption is shown in Figure 1. 
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Figure 1: Updated SS/PBCH block composition with bandwidth of 20 PRBs
Based on the updated SSB design with 4 PRBs bandwidth reduction, the number of SS frequency raster entries could be significantly reduced. Even if SSB bandwidth is further reduced, the reduction of SS frequency raster entries is going to be saturated. In addition, it is important to keep both the number of REs for NR-PBCH payload and that for PBCH-DMRS so that RAN1 can avoid re-evaluation of NR-PBCH and PBCH-DMRS designs. Therefore, we propose to confirm the working assumption.
Proposal 2: Confirm the following working assumption.

· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign

· X=20 

· Y=2*(24-X) 

· Same mapping rule(frequency-first, time-second) for data and DMRS is applied

· The same DMRS density in the PBCH PRB in the SSS symbols is assumed
Regarding the EPRE offset between SSS REs and PBCH-DMRS REs, it is natural to confirm the working assumption of 0 dB EPRE offset since SSS and PBCH-DMRS are mapped on the same OFDM symbol and can be used for the same purposes such as PBCH demodulation and SS-RSRP measurement. Different EPRE between SSS and PBCH-DMRS would make those procedures a bit complex.
Proposal 3: Confirm the following working assumption.

· The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB
In the updated SSB design, usage of 4+4 PRBs outside NR-PSS has not been clarified yet. In our previous evaluation results, it was shown that multiplexing PSS with other signal/channel in frequency domain without sufficient guard band degrades PSS detection performance. Therefore, we propose that UE assumes no signal/channel outside PSS within SSB bandwidth (i.e., 20 PRBs) in PSS symbol.
Proposal 4: UE assumes no signal/channel outside PSS within SSB bandwidth (i.e., 20 PRBs) in PSS symbol.
2.3. Multiple SS/PBCH block transmissions in wideband CC
Multiple SS/PBCH blocks on different frequency locations would be transmitted in wideband CC when there are UEs that are capable of narrow CC bandwidth with or without CA capability in addition to other UEs that are capable of wide CC bandwidth. We discuss and clarify following details related to multiple SSBs in wideband CC. We also discuss on multiple SSBs within wideband CC for RRM measurement in our companion contribution [2].
· Possible SSB frequency locations

At the RAN1 NR-AH#3 meeting, it was agreed that a cell is associated with a single SS block from UE perspective. SSB defining a cell needs to be located on SS frequency raster to support standalone initial access to the cell. However, for another type of SSB, i.e., SSB only for PSCell/SCell (non-standalone access), we can consider following two alternatives.

· Alt.1: SSB even for PSCell/SCell needs to be located on SS frequency raster

· Alt.2: SSB for PSCell/SCell can be located on subcarrier grid, i.e., not limited to SS frequency raster
We think Alt.2 have some benefits over Alt.1. It is easy to avoid floating SSB scenario, i.e., SSB PRB boundary can be aligned with data PRB boundary since there is no restriction on SSB frequency location. In addition, since SSB frequency location is flexible, BWP containing SSB which may be used as initial/default BWP can also be located flexibly. For example, if initial/default UL BWP is located at edge region of the wideband CC, PRACH or PUCCH transmission from some UEs in the initial/default UL BWP can be FDMed with wideband (contiguous) PUSCH transmission from other UE within wideband CC. Otherwise, PRACH or PUCCH transmission at the middle of wideband CC inhibits contiguous wideband PUSCH allocation.
For Alt.2, SSB frequency location indication needs to have subcarrier granularity. On the other hand, SSB frequency location indication can be done with smaller bit size in case of Alt.1 since candidate locations are limited. However, since indication for PSCell/SCell is provided by RRC signaling, signaling bit size may not be severe issue. Therefore, we propose that SSB not defining cell supporting standalone initial access can be located on subcarrier grid.
Proposal 5: SSB not supporting standalone access can be located at any position on subcarrier grid.

· SSB frequency offset indication (i.e., offset from carrier frequency) in RRC signalling has subcarrier granularity

· Actually transmitted SSB indication regarding multiple SSB frequency locations for rate matching operation
For wideband UE, there may be a case that resources around multiple SSB frequency locations need to be rate-matched. For the actually transmitted SSB indication regarding multiple SSB frequency locations, we can consider following two alternatives.
· Alt.1: single index set indication applicable to all SSB frequency locations within wideband CC

· Alt.2: multiple index sets indication for each SSB frequency location within wideband CC
Alt.1 is based on the assumption that actually transmitted SSB indices are identical among different SSB frequency locations within a wideband CC. However, considering the flexibility for SSB transmission in wideband CC, we prefer Alt.2 where actually transmitted SSB indices can be different among different SSB frequency locations within a wideband CC. Negative impact of Alt.2 is the increased signaling for multiple index sets indication. But it is not so severe since multiple indications can happen only in RRC signaling for wideband UE, i.e., single indication in RMSI is enough by assuming only single SSB frequency location within initial DL BWP.
Proposal 6: Actually transmitted SSB indication in RRC signaling for rate matching purpose is provided per SSB frequency location.

3. Conclusion
In this contribution, we discussed on remaining details related to NR-SS such as actually transmitted SSB indication, SSB composition and multiple SSB transmissions in wideband CC.

Based on the discussion above, we made following proposals.

Proposal 1: Confirm the following working assumption.

· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted
Proposal 2: Confirm the following working assumption.

· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign

· X=20 

· Y=2*(24-X) 

· Same mapping rule(frequency-first, time-second) for data and DMRS is applied

· The same DMRS density in the PBCH PRB in the SSS symbols is assumed
Proposal 3: Confirm the following working assumption.

· The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB
Proposal 4: UE assumes no signal/channel outside PSS within SSB bandwidth (i.e., 20 PRBs) in PSS symbol.
Proposal 5: SSB not supporting standalone access can be located at any position on subcarrier grid.

· SSB frequency offset indication (i.e., offset from carrier frequency) in RRC signalling has subcarrier granularity

Proposal 6: Actually transmitted SSB indication in RRC signaling for rate matching purpose is provided per SSB frequency location.
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