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1 Introduction
In RAN1 #88bis, the following was agreed on the structure of an SS block [1]:

	Agreements:
· Number of symbols per SS block 
· 1 symbol NR-PSS

· 1 symbol NR-SSS

· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)
· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced
· In a single SS block, the symbols are consecutive
Agreements:
· The number of antenna ports of NR-SSS is 1  
· SSS sequence length: 127

· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)



Among the remaining issues to be finalized for NR-PBCH at this meeting are the following:

· Transmission scheme 

· Including antenna port relationship to NR-PSS and NR-SSS

· DMRS design

In this contribution, we discuss the issue of DMRS design for NR-PBCH.
2 Discussion
According to one of the agreements above, the NR-PSS, NR-SSS and NR-PBCH of a single SS burst will occur in consecutive OFDM symbols. The number of antenna ports for NR-SSS has been agreed to be one. Number of antenna ports and transmission schemes for NR-PBCH are still to be agreed. Given the proximity of the NR-SSS to the NR-PBCH, adopting the same number of antenna ports and transmission scheme for NR-PBCH as NR-SSS would allow NR-SSS to be used by the UE as channel estimation reference symbols for the decoding of NR-PBCH. If this were the case, then DMRS design for NR-PBCH can be optimized to maximize the resources available for carrying the minimum system information in the NR-PBCH. 
Proposal 1: Adopt the same transmission scheme and number of antenna ports for NR-PBCH as NR-SSS to allow use of NR-SSS for channel estimation for NR-PBCH.
It is clear from the agreements that the NR-PBCH will have a wider bandwidth (288 vrs 127 sub-carriers) than the NR-SSS. This is illustrated in Figure 1.
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Figure 1: Bandwidth comparison between NR-SSS and NR-PBCH
In Figure 1, both the NR-SSS and NR-PBCH are centered on the centre subcarrier. The part of the NR-PBCH that overlaps with the NR-SSS is shown hatched. 
The NR-SSS does not fully overlap with the NR-PBCH and so can provide the channel estimates only for the part of NR-PBCH which overlaps with it. Consequently, DMRS are needed for at least for the parts of the NR-PBCH outside the overlap. This is illustrated in Figure 2.
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Figure 2: Partial insertion of DMRS in NR-PBCH
Observation 1: NR-SSS can provide the channel estimate only for the NR-PBCH part that overlaps with it.

Observation 2: For NR-PBCH parts not overlapped by NR-SSS, DMRS can be used for channel estimation.
The advantage of this arrangement is that it saves the transmission resources that may have been used by DMRS in the overlapped parts for use in transmitting the NR-PBCH payload.

In the agreements listed above, up to 4 OFDM symbols can be used for NR-PBCH. The use of the NR-SSS channel estimation for NR-PBCH becomes less effective at higher UE speeds as the interval between the NR-SSS and the NR-PBCH OFDM symbol widens. This means that the NR-PBCH OFDM symbols furthest away from the NR-SSS would suffer higher channel estimation error at high speed. This can be mitigated by adding some DMRS in the overlapped region of the NR-PBCH OFDM symbol at increasing densities as the interval with the NR-SSS increases. This is illustrated in Figure 3 for an NR-PBCH over 3 OFDM symbols. 
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Figure 3: Subsampling of NR-PBCH DMRS
At the UE, channel estimation can adopt frequency and time-interpolation as needed between the SSS channel estimate and DMRS estimate over the overlapped region to provide a more accurate channel estimate.

Proposal 2: Adopt a variable DMRS density for successive NR-PBCH symbols within the region overlapped by the NR-SSS to save NR-PBCH resources.

3 Conclusions
In this contribution, we have discussed the use of NR-SSS and DMRS for channel estimation for NR-PBCH decoding. We highlighted the following observations and proposals:
Observation 1: NR-SSS can provide the channel estimate only for the NR-PBCH part it overlaps..

Observation 2: For NR-PBCH parts not overlapped by NR-SSS, DMRS can be used for channel estimation.
Proposal 1: Adopt the same transmission scheme and number of antenna ports for NR-PBCH as NR-SSS to allow use of NR-SSS for channel estimation for NR-PBCH.

Proposal 2: Adopt a variable density of DMRS over the NR-PBCH region overlapped by the NR-SSS to save resources for NR-PBCH payload.
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