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1. Introduction
In RAN1 #88bis, the following agreements were reached regarding periodicity of SS burst set transmission and timing indication issues:
	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: octal 145 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:
· 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




In this contribution we further discuss aspects of synchronization signal (SS) time index indication.

2. Number of Bits Required for Time Index Signaling
Based on the agreements so far, we first estimate the number of required bits for the time index signaling. The time index signaling should be able to accommodate the various SS block periodicity configurations agreed to be supported in NR, and should be able to provide the radio frame and slot frame boundaries. Given that we have agreement on PBCH TTI being 80 msec, the time index signaling would have to provide accurate frame boundaries within the 80 msec. Radio frame boundaries beyond 80 msec likely be provide the SFN field in the PBCH.


[bookmark: _Ref481582891]Figure 1. Illustration of 5 ms measurement gap within 80 ms NR SS burst set periodicity.

In our companion contribution [1], we propose that all the SS blocks from a cell be confined within 5 msec time interval. Therefore, the time index signaling will at least need to identify 5 msec time interval within the 80 msec PBCH TTI. Since there are 16 positions of 5 msec within the 80 msec, time index signaling will require minimum of 4 bits for this purpose. An illustration of the measurement gap within 80 msec is shown in Figure 1. Within the 5 msec duration, RAN1 has agreed to define at most [64] candidate positions, which require 6 bits to uniquely identify them. Of course, this would be only for the higher frequency ranges with large subcarrier spacing. In fact, for subcarrier spacing of 15kHz, there are only 5 slots, each with 14 OFDM symbol, would be able to fit in total. At maximum, only 17 SS blocks can be positioned. According to our proposal, where we limit only up to 2 SS blocks per slot, at maximum 10 SS blocks can be positioned. An example of the SS block placement within the slot is shown in Figure 2.
[image: ]
[bookmark: _Ref481759123]Figure 2. Example of SS Block placement within a slot
 
In total, for higher frequencies, the time index signaling would need to be 10 bits (4 bits for 5msec interval, 6 bits for candidate positions), and for lower frequencies, the time index signaling would need to be 7 bits (4 bits for 5msec interval, 3 bits for candidate positions). This can be tied to the subcarrier spacing of the NR SS. For example, for NR SS subcarrier spacing of 15 kHz or 30 kHz, the time index signaling could be 7 bits, and the for NR SS subcarrier spacing of 120 kHz or 240 kHz, the time index signaling could be 10 bits.
Proposal 1:
· Time index signaling is 7 bits for NR SS with 15 and 30 kHz subcarrier spacing.
· Time index signaling is 10 bits for NR SS with 120 and 240 kHz subcarrier spacing.


3. Delivery of Time Index Signaling
[bookmark: _GoBack]It was agreed that time index signaling is sent in PBCH with the condition that mobility and handover related requirements can be met. As discussed in our companion contribution [2], depending the required number of bits for SFN which can range from 8 to 18 bits, the total payload of PBCH contents excluding time index signaling can be from 63 bits to all the way up to ~80 some bits. This is almost twice what LTE PBCH payload size was. Inclusion of the time index signaling can push up the PBCH payload size to all the way up to 100 bits. 
For neighbor cell measurements (including inter-frequency measurements), only the time index signaling is required for the UE. The rest of the PBCH contents is quite useless for the UE performing measurements. In fact, other than SFN, the contents of the PBCH is not needed even for UEs performing handover. This implies that PBCH may need to be over-dimensioned such that PBCH contents including the time index signaling can be reliably decoded. 
Typically, reliable PBCH decoding can be done with soft-combining of the receive bits across SS burst set periodicity. As long the configured SS burst set periodicity is smaller than 80 msec, UE can take full advantage of combining PBCH for reliable reception of PBCH. However, for measurements UE may not be able to perform soft-combining of PBCH due to measurement gap and cycle configurations. Therefore, PBCH soft-combining should not be relied to provide better performance and detection reliability for the time index signaling acquisition.
If Polar code is adopted as the channel coding for PBCH, it may be possible to provide different reliability for the time index signaling compared to rest of the PBCH contents. Such approach might provide a good trade-off between providing good detection/decoding performance for the time index singaling in PBCH, and optimizing the PBCH design such that resources are not over utilized for reliable transmission of the entire PBCH contents.

Proposal 2:
· RAN1 should investigate further into providing different decoding reliability between the time index signaling and the rest of the PBCH contents.


4. Summary
In this contribution, we expressed our views on SS block time index signaling. Some aspects related to the mapping of SS blocks within NR slots were also discussed. Based on the discussion above, we summarize our proposal as below.
Proposal 1:
· Time index signaling is 7 bits for NR SS with 15 and 30 kHz subcarrier spacing.
· Time index signaling is 10 bits for NR SS with 120 and 240 kHz subcarrier spacing.
Proposal 2:
· RAN1 should investigate further into providing different decoding reliability between the time index signaling and the rest of the PBCH contents.
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