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1. Introduction
In this contribution, we discuss design aspects of DMRS sequence for NR PBCH and RE mapping methodology of DMRS sequences.

2. DMRS Sequence Generation Rules
There may be multiple methods of sequence generation for a DMRS that is transmitted in a part of the bandwidth. Most notably, LTE CRS-like RS sequence generation (option 1) and LTE Rel-8 DMRS-like sequence generation (option 2).
Option 1 sequence generation is done by taking a truncated sequence from a very large RS sequence that is design to fit the maximum system bandwidth defined in the specification. UE would need knowledge of the central location of the bandwidth, the relative position of the RS with respect to the central location of the bandwidth. Based on those information, UE can figure out the relative position of the RS with respect to the RS sequence generated for the maximum system bandwidth. The used RS sequence would a small portion of the large RS sequence. An example of this approach is shown in Figure 1. The benefits of this method is that the same RS sequence is generated for a particular frequency position regardless of allocated transmission bandwidth. The drawn back of this method is that the UE must be aware of the maximum system bandwidth and the relative position of the RS that is being sent within the maximum system bandwidth.
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[bookmark: _Ref485424558]Figure 1. An example of LTE CRS-like RS sequence generation (Option 1)
Option 2 sequence generation is done by generating RS sequence that fits exactly that is design to fit the allocation transmission bandwidth.  UE would only need to know the bandwidth size, as the generated sequence would be identical regardless of frequency position as long as allocated transmission bandwidth is same. An example of this approach is shown in Figure 2. The benefit of this approach would be that only the allocated transmission bandwidth needs to be known in order for the UE to generate RS sequences.
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[bookmark: _Ref485424803]Figure 2. An example of LTE Rel-8 DMRS (port 5) like RS sequence generation (Option 2)
	For DMRS of NR PBCH, option 2 is favorable as the frequency location of the SS block within the system bandwidth is not fixed in NR. Since, it would be difficult for the UE to figure out the system bandwidth as well as the relative frequency location of the SS block within the system bandwidth prior to decoding of NR PBCH, it would be difficult to define a RS sequence that requires such information.
Proposal 1:
· Sequences of DMRS of NR PBCH is identical for a cell regardless of frequency position of the SS block within the system bandwidth.
· Sequence of DMRS of NR PBCH is generated based on the occupied DMRS bandwidth.

3. DMRS Sequence Generator
The DMRS sequence for NR PBCH should have the same generation method with DMRS sequence for NR PDSCH. This is a similar design philosophy in LTE, where LFSR length 31 Gold code was used for all reference signal sequence generation. Different RS sequences would be configured with different initiation parameter and utilized across all RS sequences. This allowed efficient re-use of sequence generation block at the UE for all RS sequences, without need to implement different RS sequence generators for any newly introduced RS in later releases of LTE. We propose the same design be considered for NR.
In order to future proof the RS sequence generator for upcoming releases of NR, we propose to much higher LFSR lengths (or equivalent sequence initiation bitwidth) compared to LTE. LTE utilized 31 bits for initiation of RS sequences. For NR we propose at least [50] bits be provided for initiation of RS sequences.
Proposal 2:
· Same RS sequence generation be used for DMRS of NR PBCH and DMRS of NR PDSCH.
· Initiation value with at least [50] bits or more should be supported for RS sequence generation. 

4. Conclusions
In this contribution, we discussed the DMRS sequence design aspects of physical broadcast channel. Our proposals are summarized as below:
Proposal 1:
· Sequences of DMRS of NR PBCH is identical for a cell regardless of frequency position of the SS block within the system bandwidth.
· Sequence of DMRS of NR PBCH is generated based on the occupied DMRS bandwidth.
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Proposal 2:
· Same RS sequence generation be used for DMRS of NR PBCH and DMRS of NR PDSCH.
· Initiation value with at least [50] bits or more should be supported for RS sequence generation. 
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