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Introduction
In RAN1#86b, NR multibeam sync design for further discussed and open issues listed.  One of the issues identified was that of determining symbol index, or SS block index, by the UE.  BS can transmit sync signals in a ‘burst’ comprising multiple SS blocks.
	Working assumption:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· 



Therefore, a UE detecting PSS/SSS in any of those SS blocks would further need to determine the SS block index and, in turn, the slot boundary.
In this contribution, we present a design to covey in NR-PBCH this SS block index to the UE. 

Key design considerations
Introducing a new signal to carry SS block index in multibeam is arguably costly in term of resources and beamsweep latency.  An alternative to introducing new signal is to encode this information in NR-PBCH.
However, the design should permit the UE to combine NR-PBCH from different SS blocks: indeed, multiple beams (even within burst) can excite a cluster and deliver useful signal to the UE. Moreover, multibeam sync design should permit the BS the flexibility in beam shape and beamsweep pattern, and the BS may indeed use wider or even pseudo-omni beams through a burst.  
Therefore SS block index should be carried in such a way that the UE can still combine NR-PBCH across different SS blocks.
Proposal 1: Introducing new dedicated signal to convey SS block index is not needed. 
Proposal 2: Design should permit the UE to combine, in feasible manner, the NR-PBCH transmitted in different SS blocks indices.

SS block index encoding in NR-PBCH
We use circular shifts of the codeword carried on NR-PBCH to convey SS block index and use inner CRC code to decode the shift.  Since same codeword is transmitted in each SS block (albeit circ shifted), the UE can combine the transmissions. Details are as follows.
Let  be an information bit vector,  the -bit circular shift operator on matrices, and  the TBCC(3,1,7) encoder mapping from  to .  Then we have,

Left side is the codeword for -bit-circular shifted vector . Right side is the -bit-circular shifted codeword for . 
In other words, if UE decodes a codeword circular shifted (by unknown amount), it obtains the circular shifted information bits. To determine the circ shift, the UE uses the inner CRC code.
Observation 1: Upon decoding a TBCC encoded codeword circular shifted (by unknown amount), the UE obtains the circular shifted information bits. To determine the circ shift, the UE uses the inner CRC code.
As already described, the BS transmits different RV (redundancy version) for each SS block index, created by circ shifting the codeword.  Next, we describe how these circular shifts are chosen so that the UE can combine across multiple SS blocks without hypothesizing the SS block index.
Let  denote the circ shift used in the -th SS block of a burst. One possibility is,  for some fixed  (e.g., ).  Then for any two SS block indices  and , we have that the relative circ shift between the RVs received in  and  is simply, .  That is, the UE can determine the relative circ shift from the time distance , without having to know (or hypothesis) on the SS block indices .
Observation 2: With the proposed circular shifts per SS block, the UE can determine the relative circ shift from the time distance , without having to know (or hypothesis) on the SS block indices .
Therefore the UE can,
1. determine relative circ shifts of  NR-PBCH RVs received in different SS blocks, without knowing the SS block indices (and thus the RV numbers) at this point,
2. align, combine, and decode the RVs, and finally,
3. use CRC in decoded message to determine the circular shift and hence the SS block index.

Proposal 3: SS Block index is indicated in NR-PBCH through the RV number, and the RVs are created by circular shifts.  FFS values of circular shifts and other steps of transport channel processing.
Conclusions
In this contribution, we investigate the requirements of soft combining NR-PBCH transmitted in different SS block indices (within or across bursts), and propose a design that carriers SS block index in NR-PBCH yet permits combining across different SS block indices.  
Proposal 1: Design should permit the UE to combine, in feasible manner, the NR-PBCH transmitted in different SS blocks indices.
Observation 1: Upon decoding a TBCC encoded codeword circular shifted (by unknown amount), the UE obtains the circular shifted information bits. To determine the circ shift, the UE uses the inner CRC code.
Observation 2: With the proposed circular shifts per SS block, the UE can determine the relative circ shift from the time distance , without having to know (or hypothesis) on the SS block indices .
Proposal 2: SS Block index is indicated in NR-PBCH through the RV, and the RVs are created by circular shifts.  FFS values of circular shifts and other steps of transport channel processing.
