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Introduction
The following working assumptions on SS Block timing indication were made in the RAN1 NR ad hoc #2 meeting [1].
· 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload 

Timing Indication in initial access
In view of the above working assumptions, we discuss potential methods to indicate timing of the SS blocks as the follows.
· Timing indication through DMRS locations
· Timing indication through DMRS sequences
· Timing indication through scrambling sequences 
[bookmark: _Ref471386577]Timing indication through DMRS locations
The position of the DMRS may be used to indicate one of the following scenarios:
· The DMRS location within a PRB may correspond to the LSB of the SS block index. Their location within the PRBs carrying the PBCH payload may be cell ID dependent, i.e. . 
· The DMRS location within the PRB may indicate the half-frame boundary. As shown in Figure 1,  and  may be used to denote the first and the second halves of the frame.
The SS block location within a slot needs to be indicated. It has been agreed that two possible SS block time locations may be mapped to one slot of 14 symbols for 15kHz, 30kHz and 120kHz subcarrier spacing, which requires 1 bit, and four possible SS block positions in a slot pair for 240KHz subcarrier pacing, which requires 2 bits. The location of DMRS may be used to indicate these bits.



Figure 1 DMRS location to different half frame boundary

Timing indication through DMRS sequences
The DMRS sequence may be a function of cell ID and the timing bits  can be indicated through the DMRS sequence’s initial value. 
A length-72 QPSK sequence is mapped to the DMRS locations of each PBCH symbol. 
              (1)
Here the pseudo random generator is generated using a gold code with LFSR of length 31 and is initialized with , which is a function of  and .  For example,  for the case where  represents 3 bits. 
Figure 2 provides an illustration of the DMRS in the SS block with , i.e. the same DMRS location. Having the same REs for DMRS in both symbols allows for easier channel estimation and residual frequency offset correction.



Figure 2 DMRS repeated in PBCH symbols within a SS block
[bookmark: _GoBack]Timing indication through scrambling sequences
Additionally, similar to LTE, scrambling sequence may be used to indicate some LSBs of the SFN. The initialization of the scrambling sequence may occur at the start of a PBCH TTI. It can be a function of the cell ID and the timing bits b indicated in the DMRS. For a PBCH TTI of 40 ms, we may use scrambling sequences to indicate 2 bits. For a PBCH TTI of 80 ms we may use scrambling sequences to indicate 3 bits. The scrambler may be initialized with  where b corresponds to the timing indicated by the DMRS.

Conclusion
In this contribution, different methods of indicating the SS Block timing bits are discussed. Companies are encouraged to evaluate these possible solutions.
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