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1 Introduction
During RAN1#89 meeting, RAN1 set a working assumption that a SS block time index, if carried by NR-PBCH, is transmitted explicitly. Furthermore, the maximum number of SS blocks per frequency range and SS block transmission window of 5ms were agreed as follows [1]: 
Agreements for NR-PBCH channel coding:

· Polar coding is adopted for NR-PBCH

· Using same polar code construction as for the control channel

· Nmax = 512
· Working assumption that the data, including time index if carried by NR-PBCH excluding DMRS, is transmitted explicitly


· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design
Agreements for the max number of SS blocks:
· 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 document, we discuss further details on signalling of SS block timing information in NR-PBCH and NR-PBCH structure within NR-PBCH TTI.
2 Signalling of SS block index
If SS block timing information bits, in particular a SS block index within a SS burst set, are encoded together with other minimum system information (SI) bits carried by PBCH, the information bits for PBCH would be different for every SS block within a SS burst set and the number of broadcast channel (BCH) transport blocks (TBs) (at least differing in the timing information) per PBCH TTI can be very large (e.g. up to the maximum number of SS blocks within the SS burst set). This may increase PBCH encoding complexity at gNB and make it difficult for a UE to combine multiple PBCHs within the SS burst set. Thus, assuming no combining of multiple PBCHs within the SS burst and performance similar to that achieved if combined, the PBCH resource may have to be overprovisioned to achieve a certain target coverage, which potentially leads to a larger PBCH resource overhead. Furthermore, a UE in connected mode may have to perform full PBCH decoding for every detected neighbour cell, in order to report measurement quantities together with corresponding SS block indices. This is not desirable, since a longer measurement gap (or delay) and more UE power consumption is expected due to need to decode the PBCH.
The PBCH contents of SS block timing information and SI can be considered as two information blocks, i.e. a SS timing information block (STIB) and a master information block (MIB). If the STIB and MIB are separately encoded, modulated, and mapped to different sets of PBCH resource elements (REs) - S-PBCH REs and M-PBCH REs - ,  UE only needs to demodulate and decode S-PBCH for neighbour cell measurement and report. Such separate encoding can also allow a UE to combine multiple M-PBCHs within a SS burst set for decoding. Resource partition between M-PBCH and S-PBCH in PBCH may be dependent on the sizes of MIB and STIB and required code rates of S-PBCH and M-PBCH in a SS block, taking into account different combining levels for M-PBCH and S-PBCH. For example, S-PBCH carrying 14 bit STIB including CRC occupies 120 REs excluding PBCH DMRS, and M-PBCH carrying 54 bit MIB occupies 360 REs excluding PBCH DMRS, as shown in Figure 1. If the S-PBCH REs are mapped only to REs within the frequency band/region corresponding to PSS/SSS, UE can operate with the bandwidth same as the PSS/SSS bandwidth for inter-frequency neighbour cell measurement. Assuming QPSK modulation, the example RE allocation would result in code rate of 0.0583 for S-PBCH and code rate of 0.0750 for M-PBCH, respectively, in one SS block. With combining of 3 or more M-PBCHs, UE can achieve similar decoding performances for M-PBCH and S-PBCH. Additionally, the number of REs allocated for S-PBCH may be determined such that STIB decoding performance in a given SS block should be similar to or better than one shot detection rate of PSS/SSS.
Proposal 1: Consider separate encoding, modulation, and RE mapping for SS block timing information and MIB in PBCH.
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Figure 1 Examples of STIB and MIB RE mapping in PBCH

3 Indication of frame timing and SFN

Since all SS block transmissions for one SS burst set is within 5ms, UE can identify frame timing (i.e. frame boundary) and full SFN information by decoding MIB and identifying a SS burst set index within the PBCH TTI. The MIB includes at least a part of system frame number (SFN) and may include other minimum system information. The STIB includes a SS block index within a SS burst set and can further include an indication on a SS block transmission mode (two different SS block transmission modes are described in [2]). 
If a SS burst set index within a PBCH TTI is indicated implicitly, UE can combine multiple S-PBCHs across SS burst sets for decoding. In one example, a different scrambling sequence can be applied to M-PBCHs per the default SS burst set periodicity within the PBCH TTI as shown in Figure 2. If the SS burst set periodicity is smaller than the default SS burst set periodicity, the same scrambling sequence can be used for all M-PBCH within the default SS burst set periodicity. SSS sequences can be used to indicate a SS burst set index within the default SS burst set periodicity as shown in Figure 3. Initial access UEs assuming 20ms default SS burst set periodicity may use 1000 hypotheses (for 1000 cell IDs), and connected mode UEs configured with 5ms or 10ms SS burst set periodicity can use 4000 or 2000 hypotheses for PSS/SSS detection. Two m-sequence based NR-SSS sequences can accommodate more than 4000 hypotheses [3]. With implicit indication on the SS burst set index within the PBCH TTI, UE can combine multiple M-PBCHs across multiple SS burst sets within the PBCH TTI in addition to combining within a SS burst set. 
Proposal 2: Consider implicit indication on a SS burst set index within a PBCH TTI by using scrambling sequences applied to M-PBCH and different sets of SSS sequences.
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Figure 2 Example of PBCH mapping within the PBCH TTI where the SS burst set periodicity is set to 20ms and the PBCH TTI is set to 80ms
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Figure 3 Example of SSS mapping within 20ms default SS burst set periodicity where the SS burst set periodicity is set to 5ms
4 Conclusion
In summary, we propose the followings for indication of SS timing information in NR:

· Proposal 1: Consider separate encoding, modulation, and RE mapping for SS block timing information and MIB in PBCH.
· Proposal 2: Consider implicit indication on a SS burst set index within a PBCH TTI by using scrambling sequences applied to M-PBCH and different sets of SSS sequences.
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