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Introduction
At the RAN1#89 meeting, following agreements related to DMRS for NR-PBCH (PBCH-DMRS) were reached [1].
	Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS
· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval
· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
· DMRS sequence depends on at least cell IDs

Agreements:
· Down select from following alternatives based on further evaluation/analysis in the next meeting
· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block
· Other Alternatives are not precluded
· Note that all proponents need to provide their own proposal until 26th May
· For evaluation purposes, followings should be considered
· Channel coding 
· Rate matching 
· Accuracy of CFO estimation
· DMRS RE mapping
· Channel estimation performance
· NR-PBCH one to four shot(s) performance within 80 msec
· Complexity of NR-PSS/SSS/NR-PBCH decoding and mobility measurement
· Reliability of time index
· All proponents need to provide followings until 2nd June to achieve further evaluation/analysis – Asbjorn (Ericsson)
· NR-PBCH RE mapping
· SS-block composition
· SS-block time index indication
· SFN indication
· DMRS RE mapping
· PBCH payload size
· PBCH channel coding scheme (all proponents need to follow the latest agreements/WAs in channel coding session) 
· Note that all decisions of channel coding scheme should be done in channel coding session/agenda
· Receiver algorithms



In addition, in email discussion [89-15] after the RAN1#89 meeting, companies provided their views on PBCH-DMRS sequence design [2].
In this contribution, we provide our views on PBCH-DMRS sequence design for NR.

Discussion on details of PBCH-DMRS sequence design
At the RAN#88bis meeting, it was agreed that DMRS is transmitted as phase reference signal for NR-PBCH demodulation [3]. The details of PBCH-DMRS design needs to be further studied. We think that the LTE pseudo random sequence used for DL reference signal such as CRS could be a useful reference. 
The LTE CRS is defined by



where the pseudo-random sequence c(n) is generated with initial condition  as follows.




As described above, LTE CRS sequence is generated by Gold sequence and is unique for each cell based on initialization by cell ID. In NR, since the number of cell IDs is extended to 1008 from 504 in LTE, PBCH-DMRS sequence should also be unique for each cell even with large number of cell IDs. According to the similar manner as LTE CRS sequence generation, we can generate huge number of sequences that have low cross-correlation to each other as shown in Figure 1. Therefore, we think that LTE pseudo-random sequence generator can be considered for NR PBCH-DMRS at least as baseline for further investigation in RAN1 and also in RAN4 for evaluation.
Proposal 1: LTE pseudo-random sequence generator can be considered for NR PBCH-DMRS at least as baseline for further investigation in RAN1 and also in RAN4 for evaluation.
 [image: ]


Figure 1: Example of cross-correlation performance of pseudo-random sequence ( = 1 vs  =1-1008) assuming the sequence length of 72

In LTE, length of CRS sequence for a symbol is different for different system bandwidth. On the other hand, in NR, since NR-PBCH bandwidth and PBCH-DMRS RE density on each PBCH symbol will be fixed irrespective of carrier bandwidth and frequency range, length of PBCH-DMRS sequence for each PBCH symbol could be fixed. As argued in our companion contribution [4], we think that PBCH-DMRS sequence should be mapped on subcarriers with equal interval on each NR-PBCH symbol in a SS block, and our proposed PBCH-DMRS RE density is 3 REs per PRB in each NR-PBCH symbol. Therefore, length of PBCH-DMRS sequence for each PBCH symbol could be 72.
Proposal 2: The length of PBCH-DMRS sequence for each PBCH symbol could be fixed to 72.

In LTE, CRS sequence is initialized not only by physical cell ID but also by slot index ns and symbol index l as shown in above equation. Since NR-PBCH has multiple symbols within a SS block and multiple SS block locations will be defined, PBCH-DMRS sequence dependency with time index such as symbol index and/or slot index can be considered. However, different from LTE, since UE could not be aware of such time index even after NR-PSS/SSS detection, PBCH-DMRS sequence dependency with time index causes the necessity of UE blind detection for PBCH-DMRS sequence pattern. On the other hand, implicit indication of time index information such as SS block index and part of SFN by using PBCH-DMRS may be beneficial compared with explicit indication in NR-PBCH in terms of performance and delay even though UE blind detection for PBCH-DMRS is required for this purpose [5-6]. Therefore, for PBCH-DMRS sequence pattern/mapping, some dependency with time index should be considered with taking UE blind detection effort into account.
Proposal 3: For PBCH-DMRS sequence pattern/mapping, some dependency with time index information such as SS block index should be considered with taking UE blind detection effort into account.

For example, as proposed in [5-6], SS block index information for implicit indication based on PBCH-DMRS sequence and/or mapping can be limited e.g., to 2 or 3 bits so that UE blind detection effort would be acceptable. In addition, since there are two or more symbols for NR-PBCH and PBCH-DMRS within a SS block, different information can be carried by PBCH-DMRS on different symbols within a SS block. In this case, UE blind detection effort for PBCH-DMRS at least on one of NR-PBCH symbols within a SS block may be reduced or avoided. Detailed mechanism for implicit indication of time index information by using PBCH-DMRS sequence/mapping is discussed in [6].

Conclusion
In this contribution, we provided our views on PBCH-DMRS sequence design for NR, and we made following proposals.
Proposal 1: LTE pseudo-random sequence generator can be considered for NR PBCH-DMRS at least as baseline for further investigation in RAN1 and also in RAN4 for evaluation.
Proposal 2: The length of PBCH-DMRS sequence for each PBCH symbol could be fixed to 72.
Proposal 3: For PBCH-DMRS sequence pattern/mapping, some dependency with time index information such as SS block index should be considered with taking UE blind detection effort into account.
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