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Introduction
In RAN1 #89 meeting, design of NR-SS was discussed and the following agreements were made:
	Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.
· In case that number of PBCH symbols is two within a SS block,
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS
· Down selection from above options should be done together with NR-PBCH design decision
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
· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation
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



In this contribution, timing indication mechanism based on SS block is further discussed including indication of SS block time index, indication of SFN and indication of radio frame boundary. Furthermore, whether and how to indicate the index of actually transmitted SS block is discussed.

Indication of SS block time index
RAN1 agreed that SS block time index is indicated by NR-PBCH. The maximum number L of SS blocks in a SS burst set varies among 4, 8 and 64 depending on frequency range. Correspondingly 2, 3 or 6 bits are needed to indicate SS block time index.
If SS block time index is explicitly indicated in NR-PBCH, it is unsuitable to use fixed size of the indication field for all frequency ranges, and a possible solution is to determine different sizes of SS block time index indication field for different frequency range. However for >6GHz frequency bands, the 6 bits indication field size introduces significant overhead especially when NR-PBCH has limited payload size and also needs to carry a series of additional information. 
Furthermore, when all SS block time index information is explicitly indicated by NR-PBCH, NR-PBCH contents in different SS blocks within a SS burst set are always different. Therefore soft combination of NR-PBCH within a SS burst set is impacted unless introducing extra complicated mechanisms.

In order to further reduce NR-PBCH payload, at least part of SS block time index can be indicated with implicitly approaches. The following alternatives were mainly discussed by RAN1 contributions:
· Alt 1: NR-PBCH DMRS. Hypotheses of SS block timing indices can be implicitly carried by NR-PBCH DMRS with different sequences or positions. Since the existence of DMRS for NR-PBCH is already agreed, this approach introduces no additional signaling overhead. The drawback of Alt 1 is the impact on blind detection complexity. 
· Alt 2: CRC masking. Since only same antenna transmission is supported within a SS block, the multiple CRC masks in LTE could be reused for NR-PBCH to indicate SS block index. The disadvantage of Alt 2 is similar to that of NR-PBCH DMRS indication. The impact on decoding performance is more significant since only 16 bits are used for CRC while at most 64 values of SS block index needs to be indicated. Therefore, for Alt 2 we suggest that only limited hypotheses could be indicated by CRC masking, and the remaining information (if exists) needs to be carried by other approaches.
· Alt 3: Scrambling sequence of NR-PBCH. In LTE, PBCH scrambling is used to indicate least bits of SFN, and we prefer reusing this mechanism in NR. Detailed discussion is shown in Section 3.
· Alt 4: Cyclic shifts of PBCH codeword. This alternative is based on the circle buffer used for Polar coding generation for PBCH. Alt 4 has lower decoding complexity than Alt 2 and Alt 3. However the supported maximum capacity of indices is limited. The remaining information also needs to be carried with other approaches.
· Alt 5: Message-based new codeword. According to discussion in previous meetings, we think this approach is actually similar to NR-PBCH explicitly indication. The decoding performance of SS block time index could be flexibly controlled by changing the number of REs assigned for index transmission, but at the expense of introducing significant overhead and reduction of NR-PBCH reliability. 
It can be seen that the supported number of hypotheses of most alternatives above is restricted. Furthermore, for high frequency band, when all SS block time index information are implicitly indicated, the complexity of blind decoding increases significantly and the impact on decoding performance is noticeable. Therefore we consider the combination of explicit and implicit indications for SS block time index as an appropriate solution.
Proposal 1: Due to the overhead of explicit indication, and the restricted capacity and impact on decoding complexity and reliability of implicit indication, the combination of explicit indication and implicit indication for SS block time index is more appropriate solution.

Soft combining of NR-PBCH can benefit from using the combination of explicit and implicit indication mechanisms if multiple SS blocks in a SS burst set carry same information in the explicit indication field. A straightforward solution is to indicate SS block time index by the combination of SS burst index in a SS burst set and SS block index in a SS burst. Figure 1 shows an example with 8 SS blocks in a SS burst set. The SS burst index is explicitly indicated in NR-PBCH and the SS block index is indicated by implicit approaches, e.g. NR-PBCH DMRS sequences. All SS blocks within the same SS burst can be used for soft combining. 


Figure 1 SS block time index indication
With appropriate capacity of a SS burst, e.g. at most 4 SS blocks in Figure 1, the overhead of this mechanism is the same as directly indexing all SS blocks within a SS burst set, and all SS block indices within a SS burst can be implicitly indicated without performance degradation or significant complexity increase. We prefer fixed bits for implicit indication for all frequency bands while the number of explicit indication field can be fixed or variable depending on frequency band.
Proposal 2: SS block time index can be indicated by the combination of explicit indication of SS burst index within a SS burst set and implicit indication of SS block index within a SS burst. 

Indication of SFN
According to the agreements in last meeting, at least part of SFN is explicitly indicated in NR-PBCH. The remaining information can be carried by SS block with implicitly approaches. Consider that NR-PBCH TTI is 80ms, if the SFN indication mechanism in LTE is reused, least 3 bits of SFN can be implicitly indicated by scrambling sequence of NR-PBCH in SS block.
Multiple values of SS burst set periodicity are supported. For SS burst set with 5ms periodicity, there exists two SS burst sets within a 10ms radio frame, and the scrambling sequences of NR-PBCHs in the two SS burst sets should be generated based on same SFN information. For SS burst set with >= 10ms periodicity, the scrambling sequence of NR-PBCH in a SS burst set should be generated based on actual SFN information. Figure 2 shows an example that the least 3 bits of SFN are indicated within a 80ms PBCH TTI under different SS burst set periodicities.


Figure 2 SFN indication within a PBCH TTI
This method could avoid significant increasing of blind detection complexity. Furthermore, it was agreed that the transmission of SS blocks within a SS burst set is confined to a 5ms window regardless of SS burst set periodicity. The 5ms window generally locates in one radio frame and spans at most two radio frames. Therefore for a given SS burst set periodicity value, if the relative location of 5ms transmission window within the SS burst set period is fixed, e.g. a certain time offset between the start of SS burst set period and the start of the 5ms window, number of maximum blind decoding can be further reduced for SS burst set periodicity >=20ms.
Since the highest 7 bits of SFN of all NR-PBCHs in a PBCH TTI are the same, this approach has no impact on soft combination of NR-PBCH.
Proposal 3: Highest 7 bits of SFN are indicated explicitly in NR-PBCH and least 3 bits of SFN are implicitly indicated by using different scrambling sequence of NR-PBCH.

Indication of radio frame boundary
The transmission of SS blocks within SS burst set is confined to a 5ms window regardless of SS burst set periodicity. In addition, RAN1 agreed that the number and positions of the nominally transmitted SS blocks in a SS burst set is predefined per frequency range. Therefore, after decoding of SS block time index indication, the relative position of the SS block within the 5ms window is determinate. We assume UE is at least informed the starting position of the 5ms window within a SS burst set period. Combined this information with SFN indicated by NR-PBCH, UE could acquire both the position of radio frame boundary and detailed timing index information within the PBCH TTI.
Proposal 4: Radio frame boundary can be acquired by the combination of SS block time index and the position of 5ms window used for SS block transmission.

Indication of actually transmitted SS block
The indication mechanism of which of the nominal SS blocks in a SS burst set is actually transmitted was discussed. Bitmap-based indication is a straightforward solution which provides sufficient flexibility of SS block assignment. However the overhead of up to 64-bits for >6GHz frequency bands is unacceptable in the initial access procedure. 
On the contrary, most of other solutions reduce signaling overhead at the expense of reduced flexibility e.g. gNB always use the first multiple nominal positions and indicate the number of transmitted SS blocks. This mechanism aggravates potential collisions between neighbor cells.
Therefore, we prefer not to indicate actually transmitted SS block at least during the initial access procedure. After connection to serving cell, whether UE acquire information of actually transmitted SS block through dedicated signaling could be further discussed.
Proposal 5: Indication of actually transmitted SS block is not supported during initial access procedure.

Conclusion
This contribution discusses possible solutions of timing indication based on SS block with the following proposals:
Proposal 1: Due to the overhead of explicit indication, and the restricted capacity and impact on decoding complexity and reliability of implicit indication, the combination of explicit indication and implicit indication for SS block time index is more appropriate solution.
Proposal 2: SS block time index can be indicated by the combination of explicit indication of SS burst index within a SS burst set and implicit indication of SS block index within a SS burst. 
Proposal 3: Highest 7 bits of SFN are indicated explicitly in NR-PBCH and least 3 bits of SFN are implicitly indicated by using different scrambling sequence of NR-PBCH.
Proposal 4: Radio frame boundary can be acquired by the combination of SS block time index and the position of 5ms window used for SS block transmission.
Proposal 5: Indication of actually transmitted SS block is not supported during initial access procedure.
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