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[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]During the RAN1 NR#3 meeting, the follow working assumption on indication scheme of actual transmitted SS/PBCH block positions was made [1]. The structure of SS/PBCH was discussed in the RAN1#90bis meeting and the following agreement and working assumption were made [2]. 
	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
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
· Reply LS to RAN4 – Asbjorn (Ericsson) (R1-1719162), which is endorsed and final version in R1-1719165


In this contribution, we focus on remaining details of synchronization signal design. In particular, the structure of the SS/PBCH block, and the association between RMSI and multiple SS/PBCH blocks in the frequency domain in wideband operation will be analyzed. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK50]Actual transmitted SS/PBCH block position indication in RMSI
For the current working assumption on actual transmitted SS/PBCH block position indication of above 6 GHz 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 16 bits at the expense of flexibility of actual transmitted SS/PBCH blocks selection. As discussed in our companion contribution [3], 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.
Structure of SS/PBCH block
As discussed in [4], the number of SS Entries will be affected by bandwidth of SS/PBCH block seriously. The following agreement has been made for further reducing the bandwidth of the SS/PBCH block. 
	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) 


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure 1(a) shows the structure of SS/PBCH block based on the current working assumption. Figure 1(b) can be obtained by further relocating part of PBCH RBs on the both sides of the PSS. The bandwidth of SS/PBCH block will be further reduced to 18 PRB per symbol. The number of SS raster entries will be further reduced. As shown in [4], let's take band n78 as an example, the number of SS raster entries for 18 PRBs will be 221. This can be compared with 325 entries corresponding to 20 PRB SS/PBCH block bandwidth, i.e. 32% blind detection overhead can be further saved. 


Figure 1: Structure of SS/PBCH block
Proposal 2: NR should support the following structure of SS/PBCH block: 
· For both sub-6 and above-6, reduce the PBCH to 18 PRB per symbol and add 6 PBCH PRBs to PSS and SSS symbol respectively with no other redesign.
Association between RMSI and multiple SS/PBCH Blocks in frequency domain in wideband operation
In the RAN1 NR#3 meeting, the issue on association between RMSI and multiple 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, but not all, are associated with one RMSI
· Case 4: At least one SSB is associated with an RMSI, i.e. potentially most SSBs in a wideband carrier are not associated with an RMSI.
Note that multiple SSBs being associated with one RMSI means that the MIBs in the different SSBs configure the same RMSI CORESET and monitoring window. 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 an gNB to transmit PBCH in these SS blocks, and thus this will cause a waste of resources.
2) In the initial access phase, even if one UE finds 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 finds one SS block that is associated with an RMSI. Obviously, this will increase the complexity of detecting SS blocks.
3) In case 4, the coverage of PBCH can be worse than in the other three cases. More specifically, in the 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 an advanced gNB with such capabilities, 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 three cases, resource overhead occupied by RMSI is too large in case 1, and the required 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 multiple 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 can be associated with the same RMSI.
Conclusions
In this contribution, some contents on remaining details of synchronization signal design are discussed. Based on the discussion, we have the following proposals: 
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]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 structure of SS/PBCH block: 
· For both sub-6 and above-6, reduce the PBCH to 18 PRB per symbol and add 6 PBCH PRBs to PSS and SSS symbol respectively with no other redesign.
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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