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1. Introduction
At the RAN1#88bis meeting, following agreements related to NR-SS design were reached [1].
	Agreements:
· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial:  Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
Agreements:
· Number of symbols per SS block 

· 1 symbol NR-PSS

· 1 symbol NR-SSS

· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)

· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced

· In a single SS block, the symbols are consecutive

Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]

· The way the value of L is reflected in specification is FFS

· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

· Possibility of having unified frequency agnostic signaling design is not precluded

Note that above agreements are updated agreements


In this contribution, we discuss further on SS block time index indication mechanism including the consideration on how to index SS block time index within the SS burst set.

2. Discussion on SS block time index indication
2.1. SS block time index indication
RAN1 agreed that UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block. In addition, RAN1 also agreed that a single set of possible SS block time locations is specified per frequency band. Therefore, SS block index can represent exact time domain information such as OFDM symbol/slot index within SS burst set periodicity.

As described in section 1, RAN1 agreed that SS block time index is indicated by NR-PBCH. To indicate SS block time index by NR-PBCH, the explicit indication is straightforward. However, as mentioned in previous section, required number of bits for SS block time index indication is different for given frequency range. So the different payload size is needed for SS block time index indication (Option 1). However, NR-PBCH payload size is limited, and it is considered to introduce other additional information, e.g. H-SFN [2]. So it may be difficult to convey all of the SS block index e.g., 6 bits only by explicit indication in NR-PBCH especially for higher frequency range. Therefore, implicit indication based on PBCH, e.g. CRC masking bit or different sequence of DM-RS for NR-PBCH, can be also considered. So  another option is that fixed number of bits in NR-PBCH payload is used for explicit indication of part of SS block time index, and remaining part of SS block time index is carried by such implicit way (Option 2). Furthermore, we can consider the combination of option 1 and 2 to optimize the balance between the NR-PBCH payload size and blind detection effort for implicit information, i.e., different number of bits for at least part of SS block time index indication in NR-PBCH is defined for different frequency range and remaining part of SS block time index is carried by implicit indication mechanism (Option 3). We think that to relax the impact on NR-PBCH payload size and possible UE effort to derive SS block time index, combination of explicit and implicit indication mechanisms (Option 2 and 3) for SS block time index indication would be beneficial. Anyway, further evaluation and discussion are needed. 
Proposal 1: Following options for SS block time index indication should be further studied.
· Option 1: NR defines different payload size and different number of bits for SS block time index indication in NR-PBCH for different frequency range
· Option 2: NR defines fixed number of bits for at least part of SS block time index (e.g., SS burst index) indication in NR-PBCH irrespective of frequency range, and remaining part of SS block time index (e,g, SS block index within SS burst) is carried by implicit way especially in higher frequency range

· Option 3: Combination of above two options, i.e. different payload size and different number of bits for at least part of SS block time index (e.g., SS burst index) indication in NR-PBCH for different frequency range, and remaining part of SS block time index (e.g., SS block index within SS burst) is carried by implicit way.

Proposal 2: To relax the impact on NR-PBCH payload size and possible UE effort to derive SS block time index, the combination of explicit and implicit indication mechanisms for SS block time index indication is preferred.

2.2. SS block time indexing
We can consider two options for SS block time indexing as shown in Figure 1. In Option A, SS block time index is numbered per SS burst set as shown in Figure 1(a). On the other hand, in Option B, SS block time index is represented by combination of SS block index numbered per SS burst and SS burst index numbered per SS burst set as shown in Figure 1(b). In Option B, UE needs to identify both SS block index within SS burst and SS burst index within SS burst set so that UE can identify exact time domain information including OFDM symbol/slot/frame index. 
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(a) Option A: SS block time indexing per SS burst set
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(b) Option B: SS block time indexing per SS burst and SS burst indexing per SS burst set
Figure 1: Examples of SS block time indexing

In the sense of the required number of bits for SS block time index indication, two options would provide no difference. However, as described in previous subsection, if we assume the combination of explicit and implicit indication mechanisms such as option 2 and 3, it seems good to split SS block time index into two parts. Furthermore, if we assume the explicit indication for SS burst index and implicit indication for SS block index within SS burst, NR-PBCH within same SS burst may be able to carry exact the same contents. In such case, we can expect other benefits, e.g. soft combining of NR-PBCH within SS burst to improve detection performance and phase tracking for additional frequency offset compensation. 
From discussion above, we provide following proposal. 

Proposal 3: For SS block time indication mechanism based on combination of explicit and implicit mechanisms, SS block time index is split into two parts such as SS block index within SS burst and SS burst index within SS burst set.
3. Conclusion
In this contribution, we discussed on SS block time index indication mechanism including the consideration on how to index SS block time index within the SS burst set. We made following proposals.

Proposal 1: Following options for SS block time index indication should be further studied.
· Option 1: NR defines different payload size and different number of bits for SS block time index indication in NR-PBCH for different frequency range
· Option 2: NR defines fixed number of bits for at least part of SS block time index (e.g., SS burst index) indication in NR-PBCH irrespective of frequency range, and remaining part of SS block time index (e,g, SS block index within SS burst) is carried by implicit way especially in higher frequency range

· Option 3: Combination of above two options, i.e. different payload size and different number of bits for at least part of SS block time index (e.g., SS burst index) indication in NR-PBCH for different frequency range, and remaining part of SS block time index (e.g., SS block index within SS burst) is carried by implicit way.

Proposal 2: To relax the impact on NR-PBCH payload size and possible UE effort to derive SS block time index, the combination of explicit and implicit indication mechanisms for SS block time index indication is preferred.

Proposal 3: For SS block time indication mechanism based on combination of explicit and implicit mechanisms, SS block time index is split into two parts such as SS block index within SS burst and SS burst index within SS burst set.
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