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1. Introduction

At the RAN1 NR-AH#3 meeting, remaining details on NR-SS such as indication scheme of actually transmitted SS block and multiple SS blocks in wideband CC were discussed, and RAN1 made following agreements [1].
	Agreements:

· From UE perspective, a cell is associated with a single SS block

· Note: The cell defining SS block has an associated RMSI

· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 

· Common PRB indexing

· Scrambling

· Etc.

· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier

· Note: This is a clarification of the previous agreement

· Send an LS to RAN2 – Asbjorn (Ericsson), drafted in R1-1716835, which is agreed in R1-1716907:

· By adding cc-ing to RAN4, and

· By removing “Note: From the RAN1 perspective, the cell defining SS block could for example be used for 

· Common PRB indexing

· Scrambling

· Etc.”

· By removing “Note: This is a clarification of the previous agreement”

Agreements:
· For rate matching purpose

· For UE specific PDSCH and UE specific CORESET

· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 

· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 

· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources

· Working assumption: For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI

· FFS: Confirm for each channel

· The signalling in RMSI is only for the associated SS/PBCH block

· FFS: Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC

Agreements:
· Confirm working assumption of: 

· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case

· Indicated resources are reserved for actually transmitted SS blocks

· Data channels are rate matched around actually transmitted SS blocks

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


In addition, based on RAN4 LS [2], following proposals were discussed.

· Alt 1: Redesign the SS block design, i.e., reduce PBCH BW to 12 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing

· Alt 2: RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands

In this contribution, we discuss further on the remaining details on NR-SS including actually transmitted SS/PBCH block indication in RMSI, blind detection of SS subcarrier spacing (SCS), and aspects regarding multiple SS/PBCH block transmissions in wideband CC.
2. Remaining details on synchronization signal
2.1. Actually transmitted SS/PBCH block indication
· Actually transmitted SS/PBCH block indication in RMSI
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 are 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 working assumption that the actually transmitted SS block indication in RMSI is based on both bitmap in group of 8 bits and group-bitmap of 8 bits
· Actually transmitted SS/PBCH block indication for neighbor cells
Actually transmitted SS/PBCH blocks of neighboring cells can also be informed for helping UE measurement at least in CONNECTED mode. For example, if all neighbor cells on a carrier transmit only single SS/PBCH block such as SS/PBCH block index #0 for single beam operation, UE effort on SS/PBCH block search can be relaxed especially in case of synchronized NW if UE notices only SS/PBCH block index #0 needs to be searched. However, if we assume such indication with full bitmap for each neighboring cell, gNB needs to know and configure the actually transmitted SS block index of all the possible neighboring cells for the cell. The signaling overhead would also be concerned. Therefore, we think that single common information regarding actually transmitted SS/PBCH blocks from all neighbor cells on a carrier can be used for UE RRM measurement. For example, single full bitmap information per carrier is indicated to UE so that UE assumes this information is applicable to all cells on the carrier. When the actually transmitted SS/PBCH block information about serving cell is provided at least for rate matching purpose, such information is applied for serving cell RRM measurement rather than the common information for all cells on the carrier. This common information on transmitted SS/PBCH block may or may not be aligned with actually transmitted SS/PBCH block of a certain cell. But UE just follows the common information to search SS/PBCH blocks on a carrier, and if the common information is a superset of actually transmitted SS/PBCH block of the cell, UE can search all the actually transmitted SS/PBCH blocks.
Proposal 2: NR supports to configure common information about actually transmitted SS/PBCH block of all neighbor cells on a carrier for helping UE RRM measurement at least in CONNECTED mode.
· Single full bitmap indication applicable to all cells on a carrier is used.

· When separate full bitmap indication for serving cell is provided, UE applies this information for measurement on serving cell SS/PBCH blocks instead of common information.
2.2. Blind detection of SS subcarrier spacing
In NR, the candidates of default subcarrier spacing (SCS) for SS/PBCH block are {15, 30} kHz and {120, 240} kHz for below 6 GHz and above 6 GHz frequency range, respectively. For below 6 GHz frequency range, 15 kHz SCS for SS/PBCH block may be preferred in order to provide robust PBCH performance based on longer CP length compared with that in 30 kHz SCS case. On the other hand, as some operators required, 30 kHz SCS for SS/PBCH block is required in order to avoid collision between SS/PBCH block and LTE CRS in NR/LTE DL co-existence deployment on the same frequency carrier. For above 6 GHz frequency range, some operators would prefer 120 kHz SCS for SS/PBCH block to avoid mixed numerology between SS/PBCH block and data, while some other operators would prefer 240 kHz SCS for SS/PBCH block to reduce beam sweeping overhead in multi-beam operation. Therefore, irrespective of minimum carrier bandwidth and SS/PBCH block bandwidth, we think that different operators would have different preference on default SCS for SS/PBCH block. It means that two proposals, i.e., reducing PBCH bandwidth and defining multiple default SCSs for a band are independent proposals rather than alternatives to be down-selected.
Observation 1: Following two proposals are independent proposals rather than alternatives to be down-selected.

· Redesign the SS block design, i.e., reduce PBCH BW to 12 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing

· RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands

In this contribution, we discuss on the proposal for defining multiple default SCSs, and our companion contribution discusses on another proposal regarding PBCH bandwidth [3].
As argued above, since different operators would have different preference on default SCS for SS/PBCH block for a band, we think that it is necessary to consider defining two default SCSs at least for some frequency bands. In the case, without any prior knowledge, UE needs to estimate actually transmitted SS SCS in NR-PSS detection, i.e. blind detection of SS SCS is needed. Here we evaluate the cross-correlation property of NR-PSS sequence between same/different SS SCS, which is defined as the maximum value of sliding window correlation. From our evaluation results as shown in Table 2, cross-correlation property of NR-PSS sequence between different SS SCSs is sufficiently low. Therefore, we think that it is possible to blindly detect the actual transmitted SS SCS from two candidates of SS SCS. However, as RAN1 had extensively discussed, such blind detection increases UE effort on SS detection for initial access. Therefore, such frequency band where two default SS SCSs need to be assumed should be limited as much as possible. In addition, NW should provide information regarding actually used SCS for SS/PBCH block for a carrier even when the carrier supports standalone operation.
Table 2: The example of cross-correlation property of NR-PSS sequence between Same/different SS SCS
	Combination of SS SCS
[kHz]
	Combination of NR-PSS sequence ID

	
	#0 / #0
	#0 / #1
	#0 / #2

	15 / 15
	0.0
	-7.3
	-8.3

	15 / 30
	-10.4   
	-9.9
	-10.8


Proposal 3: RAN4 is allowed to select up to two default SCS values for SS/PBCH block.

· RAN1 send reply LS to RAN4 with informing that frequency band where UE needs to assume two candidates of SS SCS for initial access should be limited considering UE effort on SS detection for initial access.
· NR supports NW indication and adaptation of SCS used for SS/PBCH block on a carrier supporting SA access.
· Information regarding actually used SCS for SS/PBCH block on the carrier is indicated in system information.
2.3. Aspects regarding 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.

Basically SS/PBCH block (i.e., centre of NR-PSS/SSS) can be located at any of the SS frequency raster within the wideband CC. Following natural restrictions would be necessary in practical operation.

· Any part of bandwidth of SS/PBCH block transmission (i.e., 24 PRBs of NR-PBCH) should not be overlapped with bandwidth of other SS/PBCH block transmission within a same wideband CC.

· Any part of bandwidth of SS/PBCH block transmission (i.e., 24 PRBs of NR-PBCH) should not protrude outside the bandwidth of wideband CC.

If SS/PBCH block is transmitted on frequency location other than SS frequency raster, standalone UE cannot detect the SS/PBCH block and non-standalone UE needs to be informed of the frequency location to detect and measure the SS/PBCH block. Too much flexibility for SS/PBCH block frequency locations may cause complex signaling design and/or large testing effort.
We think that number of SS blocks and locations of SS blocks in wideband CC are left to NW choice. Number of SS blocks and locations of SS blocks would be dependent on UE bandwidth capabilities and UE ratio with different bandwidth capabilities, bandwidth of wideband CC, and so on. 
Proposal 4: SS block can be located at any of the SS frequency raster within the wideband CC.

· Number of SS blocks and locations of SS blocks in wideband CC are left to NW choice.

Other remaining issues regarding multiple SS/PBCH block transmission in wideband CC are listed below.

· Whether/how wideband UE is informed of SS/PBCH block transmission for rate matching purpose

· Whether/how to support RRM measurement on multiple SS/PBCH blocks within wideband CC
Regarding the first issue, we think that information regarding actually transmitted SS/PBCH block(s) on multiple frequency locations within a wideband CC for the UE, i.e., within active bandwidth part(s) can be indicated for wideband UE via RRC signaling .

The second issue related to RRM measurements is discussed in our companion contribution [4].
3. Conclusion
In this contribution, we discussed the remaining details on NR-SS including actually transmitted SS/PBCH block indication in RMSI, blind detection of SS SCS related to RAN4 LS, and aspects regarding multiple SS/PBCH block transmissions in wideband CC.
Based on the discussion above, we made following proposals.

Proposal 1: Confirm the working assumption that the actually transmitted SS block indication in RMSI is based on both bitmap in group of 8 bits and group-bitmap of 8 bits
Proposal 2: NR supports to configure common information about actually transmitted SS/PBCH block of all neighbor cells on a carrier for helping UE RRM measurement at least in CONNECTED mode.
· Single full bitmap indication applicable to all cells on a carrier is used.

· When separate full bitmap indication for serving cell is provided, UE applies this information for measurement on serving cell SS/PBCH blocks instead of common information.

Observation 1: Following two proposals are independent proposals rather than alternatives to be down-selected.

· Redesign the SS block design, i.e., reduce PBCH BW to 12 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing

· RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands
Proposal 3: RAN4 is allowed to select up to two default SCS values for SS/PBCH block.

· RAN1 send reply LS to RAN4 with informing that frequency band where UE needs to assume two candidates of SS SCS for initial access should be limited considering UE effort on SS detection for initial access.

· NR supports NW indication and adaptation of SCS used for SS/PBCH block on a carrier supporting SA access.

· Information regarding actually used SCS for SS/PBCH block on the carrier is indicated in system information.

Proposal 4: SS block can be located at any of the SS frequency raster within the wideband CC.

· Number of SS blocks and locations of SS blocks in wideband CC are left to NW choice.
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