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Introduction
In RAN1#90 meeting, the following has been agreed on synchronization signal for NR design [1]:
Agreements:
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Working assumptions:
· 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
Agreements:
· UE assumes a single periodicity i.e., SS burst set periodicity, for all SS/PBCH blocks for a cell
· At least for rate matching purpose, the single periodicity value is configured for the serving cell separately from SMTC. Otherwise the default periodicity, 5 ms, is assumed
· Note: UE is not expected to perform rate matching based on SMTC
Agreements:
· A UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are quasi-collocated with respect to spatial, average gain, delay, and Doppler parameters
· By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indexes are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters
· FFS: Whether the network indication of SS block repetition and the impact on QCL assumption
· Note: In the above agreements, gNB has the flexibility to use different physical beam(s) and its mapping  for the SS/PBCH block transmission
· Note: The case where antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are not quasi-collocated with respect to spatial, average gain, delay, and [Doppler] parameters is not specified

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

NR system operation is expected to support very high frequencies (e.g. > 6 GHz), for example operation may initially be expected up to 52 GHz and later up to 70GHz or higher. For these high carrier frequencies, it is expected that single and multi-beam operation may be required due to the large path and penetration losses at these frequencies. It has been agreed that both multi-beam, and single-beam, based approaches need to be studied for NR. Unlike < 6 GHz operation, high frequency beam based operations present specific and unique challenges for initial access. 
In this contribution, we considered and discussed SS design for initial access, and related observations for SS for single and multi-beam initial access. Particularly, we discussed the remaining issues for synchronization signal including possible mechanism to indicate actual transmitted SS block(s).

Indication of Actually Transmitted SS Blocks for Rate Matching 
The positions of actually transmitted (or used) SS blocks may be signaled to the UE to assist the UE to perform measurement or to receive data or control channels. For example, the positions of the actually transmitted SS blocks may be signaled to the UE to assist the UE to perform CONNECTED or IDLE mode measurement. Furthermore, the positions of the actually transmitted SS blocks may be signaled to the UE for CONNECTED mode UEs to receive downlink data or control in the unused SS blocks (and potentially for IDLE mode UEs to receive downlink data or control in the unused SS blocks). It may be further investigated whether this information or signaling is available only in CONNECTED mode or can be used in both CONNECTED and IDLE modes. For example, the following signalling may be used to carry the information regaring the positions of the actually transmitted SS blocks.
· Connected mode: RMSI or RRC signaling may be considered 
· Idle mode: RMSI may be considered

Methods of indicating actually transmitted, used or unused SS blocks should be studied. In addition, signaling aspect for sending such indicator(s) should be considered. The prededined SS blocks are the possible SS block time locations. Both the number and positions of the maximum SS blocks in an SS burst set are predefined. 
In idle mode the indication of used SS blocks within the predefined SS blocks in SS burst sets that are actually transmitted may be sent via remaining minimum system information (RMSI). NR-PBCH or other system information (OSI) may also be possible to carry the indicator of used/unused SS blocks. 
In connected mode, dedicated signalling such as RRC signalling can be used to carry the indicator of used/unused SS blocks. It is also possible to use RMSI, OSI or NR-PBCH to carry the indicator of used/unused SS blocks in connected mode. 
Whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell should be studied. Whether the indication can be used for the RACH preamble configurations and associations should also be investigated. For rate matching purpose, UE specific and common PDSCH and CORESET should be considered. 
It has been agreed that for UE specific PDSCH and UE specific CORESET, if the UE has received no bitmap through RRC signalling, the UE should assume SS/PBCH block transmission according to the signalling indicated in RMSI. If the UE has received a bitmap through RRC signalling, the UE should assume SS/PBCH block transmission according to the bitmap indicated in RRC based signalling. 
For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE should assume that there is no SS block being transmitted in the allocated SS/PBCH resources.
For other channels, the UE should also assume SS/PBCH block transmission according to the signalling indicated in RMSI. The same principles should also be applied to common control channel such as OSI, paging, etc. That is, for common PDSCH and common CORESET, if the UE has received no bitmap through RRC signalling, the UE should assume SS/PBCH block transmission according to the signalling indicated in RMSI. If the UE has received a bitmap through RRC signalling, the UE should assume SS/PBCH block transmission according to the bitmap indicated in RRC based signalling.
The signalling in RMSI is only for the associated SS/PBCH block. Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC can be for further study.
Proposal 1: For common PDSCH and common 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.

Actually Transmitted SS Block Indication 
Figure 1 shows example SS block time index indication employing SS block grouping and reduced bitmap. The scheme may employ SS block grouping. SS blocks may be grouped into groups and each group may have  SS blocks for group i. Grouping may employ equal size or non-equal size grouping. SS burst may be a group. After grouping the resulting number of SS groups is denoted as  while . We may employ group-based bitmap to indicate the  SS block groups.  bits may be needed for group-based bitmap. For equal size grouping, the number of SS groups may be determined by

For L = 64 and  for all i, = 16. Therefore, the total 16 bits (group-bitmap) instead of 64 bits (bitmap) for signaling may be required. This significantly reduces signaling overhead by a factor of four. 
Group-bitmap can be modified to improve flexibility at the cost of higher overhead. The modified group-bitmap-based approach may be further investigated. The modified group-bitmap-based approach including group-bitmap may be the following alternatives:
· Alt 1: Group-Bitmap + Bitmap in Group 
· Alt 2: Group-Bitmap + The number of actually transmitted SS/PBCH block in Group 
· This is with fixed starting index of SS/PBCH block.
· Alt 3: Bitmap in Group + The number of actually transmitted Groups 
· This is with fixed starting index of Group
· 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

Bitmap or group-bitmap-based indication and their variants above may be considered for indication of actually transmitted SS blocks considering the trade-offs between indication flexibility and signaling overhead. 



[bookmark: _Ref481777911]Figure 1: SS block Indication employing SS block grouping and reduced bitmap 

For indication in RMSI, it was agrred the following as 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 working assumption that NR adopts Group-Bitmap (8 bits) + Bitmap in Group (8 bits) for indication in RMSI.

QCL Indication for SS Blocks 
A UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are quasi-collocated (QCL-ed) with respect to spatial, average gain, delay and Doppler parameters. By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indexes are QCL-ed. In some cases network may want to repeat SS block in order to support Tx beam repetition for increased coverage for a given UE Rx beam or to support UE Rx beam sweeping, UE may need to know how network repeat the SS blocks. Whether the network indication of SS block repetition is needed or not may be investigated and the impact on QCL assumption may need to be studied. 
gNB has the flexibility to use different physical beams and its mapping for the SS/PBCH block transmission. It is not specified for the case where antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are not QCL-ed with respect to spatial, average gain, delay, and Doppler parameters. In case gNB may use different physical beams for the SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are different, gNB may need to indicate this case to UE.
Conclusions
In this contribution, we considered and discussed SS design for initial access, and related observations for SS for single and multi-beam initial access. Particularly, we discussed the remaining issues for synchronization signal including possible mechanism to indicate actual transmitted SS block(s). Based on the observations, we have the following proposals:
Proposal 1: For common PDSCH and common 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.
Proposal 2: Confirm the working assumption that NR adopts Group-Bitmap (8 bits) + Bitmap in Group (8 bits) for indication in RMSI.
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