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[bookmark: Source]1	Introduction
[bookmark: _GoBack]In RAN1#86b [1], 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 discuss ways to convey SS block index in SS block. 
2	 Design requirement
Design should permit the UE to combine NR-PBCH/SS-block-index 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 the transmissions 
Proposal 1: Design should permit the UE to combine, in feasible manner, the NR-PBCH and SS block index transmitted in different SS blocks.
At first glance, it seems that transmitting SS block index in each block and requiring UE to combine transmissions across different SS blocks are contradicting goals. The question is: since the SS block indices for different blocks are naturally different, how can we combine the SS block index transmissions across different blocks?
3	SS block index encoding
The key to enable SS block index transmission and receiver side SS block index transmission combining is through the use of channel codes that have cyclic property. More specifically, if the channel encoding for SS block index leads to cyclically shifted version of encoded bits across different SS blocks, and that the amount of cyclic shift is proportional to the SS block index, then we can enable the combining of SS block index transmission at the receiver by utilizing the knowledge of the amount of relative cyclic shift across transmissions. Regarding this cyclic base encoding, two schemes can be considered: (i) SS block index encoded separately from NR-PBCH (ii) SS block index encoded together with NR-PBCH
3.1 SS block index encoded separately from NR-PBCH
In the case when SS block index is separately encoded from NR-PBCH, the cyclic based encoding degenerates to the use of a known sequence to transmit the SS block index, where the known sequence is cyclic shifted in the amount that is proportional to the SS block index. At the receiver, the UE can combine the receptions across different blocks by compensating for their relative amount of cyclic shift, and then decode the SS block index by detecting the among of cyclic shift in the sequence.
Also, since NR-PBCH is encoded separately from SS block index and remain the same across different SS blocks, there is no issue with the soft-combining of NR-PBCH.
3.2 SS block index encoded together with NR-PBCH
In this scheme, the encoding is done in a two-step manner. 
In step 1, NR-PBCH is encoded by certain channel code to get a stream of coded bits. Let  denote a  bit vector representing the NR-PBCH message,  denote the encoder mapping, and  denote the encoded bit vector with length.
In step 2, SS block index is used to determine the amount of cyclic rotation of the encoded bit vector. More precisely, let  denote the SS block index, and  denote the N by N cyclic rotation matrix with n rotations, then the output of steps 2 can be expressed as , where a is a constant that reflects the proportional relationship between the amount of cyclic shift and the SS block index. 
On the receiver side, the combining of transmission across different SS blocks can be done utilizing the knowledge of relative amount of cyclic shift among different SS blocks. For example, we can combine the LLRs received from block  with the LLRs received from block  without knowing the exact value of  by utilizing the fact that

After the combining, in order to decode the NR-PBCH message, in general we still need to know the exact amount of cyclic shift  to before the decoding. More precisely, the following operation needs to be performed 
.
However, if the channel code has the following cyclic shift property, then the decoding can happen without the knowledge of the amount of cyclic shift . 
	Cyclic shift property:
Encoded bits of the cyclic shifted info bits equals to the cyclic shifted encoded bits of the non-cyclic shifted info bits. In other words, , where  and  are some constant.
If NR-PBCH is encoded using a channel code that has this cyclic shift property, we can perform decoding directly on the cyclic shifted version of the encoded bits and obtain a cyclic shifted version of the info bits. Then we can use the embedded CRC to find the amount of cyclic shift, which implies the SS block index. More precisely, the decoding process can expressed as
.
It is worth noting that using CRC to find out the amount of cyclic shift may increase the false positive rate of the error detection.
Proposal 2: Study the use of cyclic shift to indicate the SS block index. 
3	Conclusion
Proposal 1: Design should permit the UE to combine, in feasible manner, the NR-PBCH and SS block index transmitted in different SS blocks.
Proposal 2: Study the use of cyclic shift to indicate the SS block index. 
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