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Introduction
In RAN1#89 meeting, SS block time index indication has been deeply discussed. There are two major views as shown in [1]: one is based on PBCH DMRS [2], and another one is based on channel coding of PBCH [3]. This paper will discuss SS block time index indication based on the above mentioned two methods.

An compromise method
The potential problems of PBCH DMRS based method and PBCH coding-based method are discussed in contributions, e.g. [4] and [5]. Note that in the below Option 2, the proponents of PBCH DMRS based method also accept PBCH DMRS indicating the indices of SS blocks in a SS burst [2].
	· Down select the scheme for NR-SS block index indication
· Option 1: DMRS in PBCH is utilized to indicate the SS block indices in a SS burst set
· FFS on the DMRS sequence/resource design 
· Option 2: DMRS in PBCH is utilized to indicate the NR-SS block indices in a SS burst 
· FFS definition of SS burst (e.g., maximum number of SS blocks within SS burst)
· FFS on the indication of SS burst indices in a SS burst set
· FFS on the DMRS sequence/resource design



In [1], a combination was proposed which is listed as the below Option 3:
	· Option 1: PBCH coding-based indication
· Explicit and/or implicit indications. 
Note: PBCH-DMRS sequence is not used to indicate time index of SS block
· Option 2: Sequence-based PBCH-DMRS 
· Option 3: Combinations of Option 1 + Option 2 
· Opt 3a: Combinations of PBCH-coded explicit indication and PBCH-DMRS
· Opt 3b: Combination of PBCH-coded implicit indication and PBCH-DMRS



From Option 2 in [2] and Option in [1], as shown above, a compromise method can be formed: 
· PBCH DMRS can be utilized to indicate the SS block indices in a SS burst;
· PBCH coding can be utilized to indicate the SS burst indices in a SS burst set.
We propose as follows:
Proposal 1: PBCH DMRS can be utilized to indicate the SS block indices in a SS burst, and PBCH coding can be utilized to indicate the SS burst indices in a SS burst set.

PBCH payload for time index
Regarding explicit time index and implicit time index in PBCH coding method, as discussed in [6], they are similar in term of scrambling operation, since “the coded bits explicit encoded from the payload including both timing index and information bits, can be represented as a scrambling operation on the coded bits by only information bits”. 
Although they are similar, explicit time index in PBCH coding method seems slightly better in some cases, e.g., “The explicit indication method requires no blind detection of the time index, when soft combining of SS blocks within an SS burst set is not employed for PBCH decoding” [7]. Therefore, we slightly prefer explicit time index, if PBCH coding method is supported. Together with Proposal 1, we propose that:
· The SS burst indices in a SS burst set can be explicitly encoded in PBCH payload.
In addition, to find the bit number needed in PBCH payload to indicate the SS burst indices in a SS burst set, we should define SS burst at first. In our view, an SS burst may be composed of a small set of (almost) consecutive SS blocks, since in this way gNB can indicate UE to use a very narrow window to measure a small set of beams and quickly report the measurement results to gNB. Based on the below agreements [8], a straightforward way to define an SS burst is using unit of slot, and an SS burst contains at most two slots. More specifically, an SS burst can be defined as follows:
· An SS burst can be a slot (with 14 symbols) for 15/30/120kHz subcarrier spacing, and two slots (each with 14 symbols) for 240kHz subcarrier spacing. 
	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



[bookmark: _GoBack]Based on above definition of SS burst, we can find the maximum number of SS bursts within SS burst set. Although the maximum number of SS blocks with SS burst is defined for different frequency range, we think it could also be defined for each supported subcarrier spacing in RAN4 or RAN1. If we assume the maximum number of SS blocks within SS burst set is 4, 8, 32 and 64 for subcarrier spacing 15kHz, 30kHz, 120kHz and 240kHz respectively, the maximum number of SS bursts within SS burst set can be  2, 4, 16 and 16 respectively, which needs 1, 2, 4 and 4 bits in PBCH payload respectively.
Here we just assume a slot containing 14 symbols. It should be clarified that we think a slot containing 7 symbols should also be addressed, and in case of 7 symbol per slot, we can consider an SS burst containing 2 slots for 15 and 30kHz subcarrier spacing.
For purpose of unified design, we think the SS burst indices in a SS burst set can be explicitly encoded in PBCH payload with 4 bits, and the remaining 3 or 2 bits can be reserved for 15 or 30kHz subcarrier spacing.
Based on above discussion, we propose as follows:
Proposal 2: The SS burst indices in a SS burst set can be explicitly encoded in PBCH payload with 4 bits.

Conclusion
In this contribution, we have the following proposals:
Proposal 1: PBCH DMRS can be utilized to indicate the SS block indices in a SS burst, and PBCH coding can be utilized to indicate the SS burst indices in a SS burst set.
Proposal 2: The SS burst indices in a SS burst set can be explicitly encoded in PBCH payload with 4 bits.
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