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Introduction
In RAN1 #89, the following was agreed on SS blocks transmission [1]:
	Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements


Also, inn RAN1 #89, the flowing was agreed on SS burst composition [1]:
	Agreements:
· For the possible SS block time locations following mapping is followed:
· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing
· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing




And back to RAN1 #88bis, the following was agreed [2] on NR-PBCH combining:
	Agreements:
· RAN1 strives to supports combining NR-PBCH
· The different options to be considered:
· Across SS Burst Set
· Within SS Burst Set 
· Within subset of an SS burst set, e.g. within an SS burst, within a number of slot(s) etc.


In this contribution, we have some discussions and proposals on the timing indication on SFN, half frame indication and SS block timing index considering SS block locations and the NR-PBCH combining approach.

Discussion
[bookmark: _GoBack]According to the agreements of previous meetings, the SS blocks (SSBs) within a SS burst set should be transmitted in a 5ms window regardless of SS burst set periodicity which default value is 20ms for initial access in standard alone operation. UE will first detect the PSS and SSS to acquire the symbol timing, and then is to identify the radio and half radio frame boundary, as well as the exact timing of the SS block UE decoded. Thus the timing information decoded by the UE in a SS block actually includes the SFN, half radio frame information and timing indication of the location where the SS block is transmitted. So, in the following chapter, we will analysis the timing related formations transmitting options.

Half frame indication and SFN
It is agreed that the TTI of PBCH is 80ms, in which 8 radio frames in four consecutive 20ms SS burst sets are included, thus 3bits of SFN indication is necessary. However, SS blocks will only occur in one of the radio frame within the 20ms and there is no benefit for the jumping locations in the PBCH TTI in the same cell as depicted in figure 1, so only two bits of the SFN within 80ms are different. In order to support low complex PBCH combining in a PBCH TTI, it is proposed that the two bits (e.g. b1 and b2) can be implicitly indicated by the scrambling of PBCH. 
For the same reason as above, the half frame in which the SS blocks are transmitted should also be fixed hence the HFI, could be an explicit bit in PBCH. Because transmitting the SS blocks crossing or jumping between consecutive half frames could increase the hypotheses for HFI decoding of UE, but brings no obvious benefit to the system. 
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Figure 1: SS blocks location

Proposal 1: The half frame on which SS blocks are transmitted should be fixed at least within the 80ms PBCH TTI.
Proposal 2: Two bits of SFN should be implicitly indicated by the scrambling of PBCH.

SS block timing indication (TI)
In NR initial access timing, TI should be an explicit timing of the SS block UE captured within the 5ms window, e.g. 14 symbols slot reference may be expected after decoding the PBCH, thus it seems how many SS blocks actual transmitted is not the key issue for UE at this stage, this information can be carried by the RMSI.
In the email discussion [3], some companies propose 6 or 7 bits for timing indication of at most 64 SS blocks in a SS burst set, however, without the above SS blocks transmitting location assumptions, e.g. TI is confined to indicate in a 5ms half frame, it seems at least 6 bits is not enough. Fortunately, based on the agreements on the possible SSBs time location mapping for different SCS, we can expect that at most two possible SS block time locations are mapped to one slot of 14 symbols and the exact symbols will be decided recently. Here let’s take a 120 kHz SCS, above 6GHz frequency band operation for example, the possible SS block locations in a 5ms half frame are 80 with the maximum L is 64, so there is no much flexibility for the SS block locations, which means in most cases there should be two SS blocks in a 14 symbols slot. 
Furthermore, if we assume that one 14 symbol slot shall include two SS blocks together if there are SS blocks transmitting, then it would be easier for the timing indication design since what we have to indicate is totally 40 slots, which means 6 bits for slots indication is enough. In addition, one more bit can be saved if some further restriction can be agreed, e.g. SS blocks are expected to be centralized transmitted or with limited patterns in the 5ms window to simplify the timing indication of SS block that  is actually transmitted. Note that for the 240 kHz SCS case, 4 SS blocks could be assumed for 28 symbols slot. 
Proposal 3: One 14 symbol slot shall include two SS blocks together if there is more than one SS blocks to be transmitted in that SS burst.
For the implicit or explicit indication of TI, if the above working assumptions are agreed, then at least the one LSB can be implicitly indicated together with the two bits (as in proposal 1) of SFN by the scrambling of PBCH only, as also depicted in figure 1, the eight SS blocks makes combining of PBCH easier because the PBCH payloads could be the same for all of them. Thus the combining of PBCH between at least two beams in a SS burst is applicable and the implicitly bits indication scheme is simple.
Proposal 4: at least one LSB of TI can be implicitly indicated together with the two implicit bits of SFN.

Conclusions
In this contribution we have the following proposals on the SS block locations and timing indications to reduce the PBCH payloads and supporting PBCH combining within 80ms TTI and between beams at least in a slot:
Proposal 1: The half frame on which SS blocks are transmitted should be fixed at least within the 80ms PBCH TTI.
Proposal 2: Two bits of SFN should be implicitly indicated by the scrambling of PBCH.
Proposal 3: One 14 symbol slot shall include two SS blocks together if there is more than one SS blocks to be transmitted in that SS burst.
Proposal 4: at least one LSB of TI can be implicitly indicated together with the two implicit bits of SFN.
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