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1
Introduction

In RAN1 NR Adhoc#2, RAN1 has concluded to have an email discussion regarding DMRS sequence for NR PBCH[1].

	Conclusions:

· Companies are encouraged to provide the following information on NR PBCH DMRS sequence until 28th July  in order to finalize the design – Daewon (Intel)

· Sequence generation related parameters

· Gold Code LFSR size

· Gold Code Polynomials

· initial state configuration

· output shift offset (e.g. Nc in LTE)

· Sequence Modulation

· Sequence mapping to NR PBCH DMRS RE positions

· Exact NR PBCH DMRS RE positions within the NR PBCH resource

· Some examples of the information are shown in R1-1711943


In this contribution, based on previous RAN1 agreement/conclusion, we discuss the detailed sequence design and RE mapping for PBCH DMRS.
2
DMRS Sequence generation 
Sequence generation

New PN code is proposed for NR PBCH DMRS sequence generation (effectively common for all NR PHY channels and signals like LTE), since the number of bits for initialisation value of c_init is likely larger than 31 bits which is LFSR of Gold sequence in LTE. For example, 

- LTE PDSCH scrambling: 30bits (=RNTI(16)+CW(1)+slot(4)+PCID(9))
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- NR PDSCH scrambling (assuming same as LTE): 35bits (=RNTI(16)+CW(1)+slot(8)+PCID(10))

In addition to that, there would be highly in demand to use larger number of bits for the initialization values of PN sequence than LTE in future NR discussion as something like future compatibility. So, we think it is right time to consider larger number of bits for the initialization values. However, if LFSR of the Gold sequence is simply increased over 31, one concern is that it will cause the higher computational complexity (i.e. 64-bits computation) than that of LTE using 32-bits computation. Due to exact same reason, LFSR-31 Gold sequence has been adopted since LTE Rel-8 because Gold sequence with longer LFSR size (e.g. 33, 35 or etc.) was also proposed at that time. Accordingly, RAN1 has to consider the complexity issue as well as the necessity of increased initialization value for NR. 

To handle such design purpose, we think it is good choice to adopt the large set of Kasami sequence with LFSR-30 (Degree of primitive polynomial M=30) which is a kind of extended version of Gold sequence. The large set of Kasami sequence is constructed by 3-primitive polynomials satisfying following condition like mod(M, 4) = 2, so that two initialization values (cinit_1, cinit_2) can be used for PN sequence generation. It can be briefly summarized as followings in [2]-[4]:

· The large set of Kasami sequence contains more number of sequences compared to Gold sequence (# of Kasami sequence: 
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· The maximum value of cross-correlation 
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 is same as that of Gold sequence for even value of M. 

· It can support less computational complexity by keeping LFSR size less than 31, compared to scheme where increases LFSR of Gold sequence.
In addition, it can also avoid the duplicated discussion of PN sequence design per control/data channels and signals by introducing one single long PN sequence. If not, RAN1 shall discuss the what kind of PN sequences are adopted for every control/data channels and signals. Therefore, in standardization perspective, it will lead to very efficient time consumption in future RAN1 meeting for that particular issue.
Observation 1:
· It would be necessary to increase the number of bits for initialisation value of c_init for NR, compared to the 31-Gold sequence in LTE.
· It will cause the higher computational complexity if Gold Code with larger Polynomial order (e.g. 63) is adopted.

· Kasami Code can provide larger number of sequences which accommodate the increased number of bits for the sequence initialization value, and the same maximum value of cross-correlation, compared to that of Gold sequence assuming same Polynomial order.

· Kasami Code can keep 32-bits computation complexity by using Polynomial order 30, while the larger number of sequence are provided for NR.
· One single longer PN sequence (if defined) can avoid the duplicated RAN1 discussion of PN sequence design per control/data channels and signals. In NR standardization perspective, it will lead to very efficient time consumption in future RAN1 meeting.
Proposed Kasami Code with Polynomial order 30:
Pseudo-random sequences are defined by a degree-30 Kasami sequence. The output sequence 
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where 
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 (FFS) and the first m-sequence shall be initialized with
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The initialization of the second m-sequence is determined by initial value, 
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The initialization of the third m-sequence is determined by initial value, 
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It is noted that the initial value for the third m-sequence has the half of initial value for first and second m-sequence, in order to facilitate the characteristic of Kasami sequence.  
The PBCH demodulation reference-signal sequence 
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where 
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 denotes the bandwidth in RBs of the PBCH transmission. The pseudo-random sequence 
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 is defined in section 2 of this contribution. The pseudo-random sequence generator shall be initialised with 
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 is 3 bits of SS block index. Other combinations can be also considered for both c_init_1 and c_init_2.
Proposal 1:
· It is proposed to adopt Kasami Code with Polynomial order 30 for NR-PBCH DMRS sequence.

· QPSK modulation is used for sequence modulation.

· Output shift offset (e.g. Nc in LTE) is FFS.

· Both SS block index and Cell ID should be used for NR-PBCH DMRS sequence initialization. It is proposed that Cell ID is used for the initialization of second m-sequence and SS block index is used for the initialization of third m-sequence.
2
DMRS RE position and mapping
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Figure 1. DMRS RE position and mapping
Mapping to resource elements

As seen Figure 1, PBCH DMRS sequences are mapped in frequency first and then time-manner. In addition, the variable RE positions with following frequency shift based on PCID 
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Proposal 2:

· It should be agreed that PBCH DMRS sequences are mapped in frequency first and then time-manner.
· It should be agreed that the variable RE positions with the frequency shift based on PCID is used for interference avoidance in NR PBCH.
3 Summary and conclusion
In this contribution, we provided our view on the PBCH DMRS sequence generation and RE mapping for NR. Based on the discussion, the following observations and proposals are drawn:
Observation 1:

· It would be necessary to increase the number of bits for initialisation value of c_init for NR, compared to the 31-Gold sequence in LTE.

· It will cause the higher computational complexity if Gold Code with larger Polynomial order (e.g. 63) is adopted.

· Kasami Code can provide larger number of sequences which accommodate the increased number of bits for the sequence initialization value, and the same maximum value of cross-correlation, compared to that of Gold sequence assuming same Polynomial order.

· Kasami Code can keep 32-bits computation complexity by using Polynomial order 30, while the larger number of sequence are provided for NR.
· One single longer PN sequence (if defined) can avoid the duplicated RAN1 discussion of PN sequence design per control/data channels and signals. In NR standardization perspective, it will lead to very efficient time consumption in future RAN1 meeting.

Proposal 1:

· It is proposed to adopt Kasami Code with Polynomial order 30 for NR-PBCH DMRS sequence.

· QPSK modulation is used for sequence modulation.

· Output shift offset (e.g. Nc in LTE) is FFS.

· Both SS block index and Cell ID should be used for NR-PBCH DMRS sequence initialization. It is proposed that Cell ID is used for the initialization of second m-sequence and SS block index is used for the initialization of third m-sequence.

Proposal 2:

· It should be agreed that PBCH DMRS sequences are mapped in frequency first and then time-manner.
· It should be agreed that the variable RE positions with the frequency shift based on PCID is used for interference avoidance in NR PBCH.
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