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[bookmark: OLE_LINK98][bookmark: OLE_LINK99]During RAN1#NR3 meeting, the follow agreements and working assumption on indication scheme of actual transmitted SS/PBCH block positions have been made [1]. 
	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 this contribution, we focus on remaining details of synchronization signal design. In particular, the use case for indicating of actual transmitted SS/PBCH block positions by both RMSI and UE-specific RRC signaling will be discussed, and association between RMSI and SS/PBCH Blocks in frequency domain in wideband operation will also be analyzed. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK50]Actually transmitted SS/PBCH block position indication in RMSI
For the current working assumption on actual transmitted SS/PBCH block position indication of above 6GHz frequency range in RMSI, two levels of bitmap were introduced. For the case every 8 SS/PBCH blocks grouped into one group, the signaling overhead can be reduced to 16bits at the expense of flexibility of actual transmitted SS/PBCH blocks selection. As discussed in our companion contribution [2], the same actual transmitted SS/PBCH block positions should be kept at least within each 80ms NR-PBCH TTI for potential combination reception. So it seems that the flexibility of actual transmitted SS/PBCH blocks selection is insignificant. We can confirm the WA made in the last meeting. 
Proposal 1: Confirm the working assumption on actual transmitted SS/PBCH block position indication of above 6GHz frequency range in RMSI: 
· NR supports the scheme of 'Group-Bitmap(8 bits) + Bitmap in Group (8 bits)' for actual transmitted SS/PBCH block position indication in RMSI for above 6GHz frequency range.
Use case for indicating of actual transmitted SS/PBCH block positions by both RMSI and UE-specific RRC signalling
As the current agreement and working assumption on actual transmitted SS/PBCH block position indication in RMSI and UE-specific RRC signaling. Two different schemes have been adopted for above 6GHz range:
· UE-specific RRC signaling with full bitmap indication
· RMSI with a compressed form indication(e.g. the current working assumption: Group-Bitmap(8 bits) + Bitmap in Group (8 bits))
An obvious issue comes into our mind that is it a same information that indicated by both UE-specific RRC signaling and RMSI?
· If yes, it means full flexibility of actual transmitted SS/PBCH blocks selection should be support as a full bitmap scheme is needed in UE-specific RRC signaling. And how this information can be indicated correctly by a compressed form in RMSI? Or if the information of actual transmitted SS/PBCH block positions can be indicated by a compressed form in RMSI, why the full bitmap scheme is needed in UE-specific RRC signaling? A same scheme will enough for indicating the same information as that in RMSI. 
· If no, we should further consider what kinds of information are indicted by RMSI and UE-specific RRC signaling respectively? And what is the requirement for indicating different information of actual transmitted SS/PBCH block positions? 
Observation 1: The following issues should be clarified and considered further on actual transmitted SS/PBCH block positions indication: 
· The information indicated by both UE-specific RRC signaling and RMSI is same or not?
· Use case for indicating of actual transmitted SS/PBCH block positions by both RMSI and UE-specific RRC signaling should be further considered by NR.
For the above issues, we think the following use case can be considered. 
In a multi-TRPs cell, 'cell-level actual transmitted SS/PBCH block(C-SSB)' and 'TRP-level actual transmitted SS/PBCH block (T-SSB)' can be defined. Different TRPs in one cell can select different SS/PBCH block resource for actually transmitted, we can call it 'T-SSB'. The relationship between 'C-SSB' and 'T-SSB' can be understood as follows: 'C-SSB' gives full information which SS/PBCH blocks are actual transmitted by the cell containing multi-TRPs. From UE perspective, it can only receive the SS/PBCH blocks actual transmitted by its serving TRP. So the 'C-SSB' is the union set of 'T-SSB' of all TRPs in the cell. 
RMSI with a compressed form indication can be used for indicating 'C-SSB', and UE-specific RRC signaling with 'full bitmap' indication can be used for indicating 'T-SSB'. It is worth noting that as the 'T-SSB' is always a subset of 'C-SSB', the size of 'full bitmap' in UE-specific RRC signaling is based on number of 'C-SSB'. Full bitmap with 64 bits seems to be inefficient signaling overhead. 
As shown in the following specific example, 'C-SSB' is indicated by 'Group bitmap(11011001) + bitmap in group(10100011)', and 20 SS/PBCH blocks actual transmitted by the cell are shown in figure 1 with grid blocks. Each TRP in the cell will transmit the same information (i.e. 11011001 10100011) of 'C-SSB' in their RMSI respectively. 


Figure 1 Cell-level actual transmitted SS/PBCH block indicated in RMSI
As shown in figure 2, each TRP belonging to the cell, will further indicate 'T-SSB' information actually transmitted by itself in UE-specific RRC signaling. A full bitmap within 'C-SSB' will be used for UE-specific RRC signaling indication. Note that, only the SS/PBCH blocks actually transmitted by the cell are shown in the figure.
Taking two TRPs in one cell for example, 20bits bitmap will be needed for UE-specific RRC signaling indication as number of 'C-SSB' is 20. Different TRPs may select different 'T-SSB' from the range of 'C-SSB'. For TRP1, the indication information is '01110101101101010111', and rate matching will be done by UEs under the service of TRP1 according to UE-specific RRC signaling indication from TRP1. Similarly, the indication information of TRP2 is '10101110010110101110', and rate matching will be done by UEs under the service of TRP2 according to UE-specific RRC signaling indication from TRP2.  


Figure 2 TRP-level actual transmitted SS/PBCH block indicated in UE-specific RRC signaling
In this way, only 20bits needed for UE-specific RRC signaling indication. Comparing with full bitmap of all 64 potential SSBs, method described above can greatly reduce signaling overhead. 
The size of the bitmap indicated in the UE specific RRC signal is determined by the compressed bitmap in the RMSI, (Group-Bitmap(8 bits) + Bitmap in Group (8 bits)). The size will be the number of 'ON' SSBs in the Group-Bitmap multiplied by the number of 'ON' groups (given by 'Bitmap in Group'). So, the size of the bitmap in RRC does not need to be explicitly indicated. 
Proposal 2: NR should support the following scheme for actual transmitted SS/PBCH block positions indication:
· Defining the concepts of 'cell-level actual transmitted SS/PBCH block(C-SSB)' and 'TRP-level actual transmitted SS/PBCH block(T-SSB)'
· RMSI with a compressed form indication can be used for indicating 'C-SSB', and UE-specific RRC signaling with 'full bitmap' indication can be used for indicating 'T-SSB'.
· The size of 'full bitmap' in UE-specific RRC signaling is based on number of 'C-SSB'.
Association between RMSI and SS/PBCH Blocks in frequency domain in wideband operation
In the last meeting, the issue on association between RMSI and SS Blocks in frequency domain in wideband operation was discussed, and the following four cases were mentioned [3]: 
· Case 1: one to one mapping, i.e., each SSB is associated with its own RMSI (default behavior);
· Case 2: all to one mapping, i.e., all transmitted SS blocks are associated with a single RMSI;
· Case 3: multiple to one mapping, i.e., multiple SSBs are associated with one RMSI
· Case 4: At least one SSB is associated with an RMSI.
Next, we will analyze and discuss on the above four alternatives. In case 4, some transmitted SS blocks are not associated with any RMSI, and thus there will be some unacceptable disadvantages as follows.
1) For the transmitted SS blocks that are not associated with any RMSI, it is useless for one gNB to transmit PBCH in these SS blocks, and thus this will cause the waste of resources.
2) In the initial access phase, even if one UE find one high SINR SS block which is not associated with any RMSI, the UE still needs to perform the detection of SS blocks before the UE find one SS block associated with one RMSI. Obviously, this will increase the complexity of detecting SS blocks.
3) In case 4, the coverage of PBCH is worse than other three cases. More specifically, in other three cases, one UE may access network by selecting one acceptable SS block in terms of SINR form all SS blocks. However, considering SS blocks associated with RMSI is less in case 4, it will be more difficult for one UE to select one acceptable SS block from reduced SS blocks associated with RMSI . Therefore, the coverage of PBCH in case 4 is worse than other three cases.
4) [bookmark: _GoBack]For one gNB with high capacity, the gNB may use different beam directions to transmit multiple SS blocks used for network access, and thus sweeping time for SS blocks can be reduced. However, because less beam directions are used to transmit SS blocks used for network access in the frequency domain, sweeping time for SS blocks will be longer in case 4.
Considering the above disadvantages, we suggest that case 4 should be excluded. As for other there cases, resource overhead occupied by RMSI is too large in case 1, and the indication overhead of RMSI CORESET or BWP in PBCH is too large in case 2. Case 3 is a compromise between case 1 and case 2. In case 3, both resource overhead occupied by RMSI and the indication overhead of RMSI CORESET or BWP in PBCH are not so large. Therefore, we suggest that case 3 should be adopted for the association between RMSI and SS Blocks in frequency domain in wideband operation.
Proposal 3: For the association between RMSI and multiple SS/PBCH Blocks in frequency domain in wideband operation, we suggest that multiple SS blocks are associated with one RMSI.
Conclusions
In this contribution, some contents on remaining details of synchronization signal design are discussed. Based on the discussion, we have the following observation and proposals: 
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Observation 1: The following issues should be clarified and considered further on actual transmitted SS/PBCH block positions indication: 
· The information indicated by both UE-specific RRC signaling and RMSI is same or not?
· Use case for indicating of actual transmitted SS/PBCH block positions by both RMSI and UE-specific RRC signaling should be further considered by NR.
Proposal 1: Confirm the working assumption on actual transmitted SS/PBCH block position indication of above 6GHz frequency range in RMSI: 
· NR supports the scheme of 'Group-Bitmap(8 bits) + Bitmap in Group (8 bits)' for actual transmitted SS/PBCH block position indication in RMSI for above 6GHz frequency range.
Proposal 2: NR should support the following scheme for actual transmitted SS/PBCH block positions indication:
· Defining the concepts of 'cell-level actual transmitted SS/PBCH block(C-SSB)' and 'TRP-level actual transmitted SS/PBCH block(T-SSB)'
· RMSI with a compressed form indication can be used for indicating 'C-SSB', and UE-specific RRC signaling with 'full bitmap' indication can be used for indicating 'T-SSB'.
· The size of 'full bitmap' in UE-specific RRC signaling is based on number of 'C-SSB'.
Proposal 3: For the association between RMSI and multiple SS/PBCH Blocks in frequency domain in wideband operation, we suggest that multiple SS blocks are associated with one RMSI.
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