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1. Introduction
In RAN1#89, RAN1 made following agreements related to antenna port assumption, DMRS RE mapping and DMRS sequence for NR-PBCH:
	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


In this contribution, based on previous RAN1 agreement/conclusion, we discuss the detailed sequence design of PBCH DMRS. 
2. NR PBCH design aspects
2.1. DMRS RE mapping and shift
In a PRB, 2, 4 or 6 REs for DMRS can be considered, which are evenly allocated in a frequency domain for better channel estimation as shown in Figure 1. Considering reliability and overhead, 4 REs for DMRS per a PRB can be firstly considered, which is proposed by many companies via email discussion [1].
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Figure 1. 4 DMRS REs per PRB for NR-PBCH in SS block

Based on DMRS pattern as above, frequency domain shift based on PCID similar with LTE CRS can be also considered to avoid the collision of DMRS RE across neighbouring cells with same v_shift value. It is beneficial because a gNB cannot do the frequency selective scheduling and MCS adaptation for PBCH transmission, compared to unicast data transmission (e.g. PDSCH). 
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Figure 2: Two options of frequency shift for PBCH DMRS
Figure 2 shows there are two options on the frequency shift of PBCH DMRS. Similar with LTE CRS, Option 1 is to perform a same way of frequency shift in two OFDM symbols in PBCH, while Option 2 is to independently perform the frequency shift per a OFDM symbol based on at least PCID by using two v_shift parameters as following e.g.. 
v_dmrs_shift#0=PCID mod 3
v_dmrs_shift#1=floor(PCID, 3) mod 3

Basically, Option 2 would provide better interference randomization/avoidance than that of Option 1, since PBCH DMRS REs in at least one OFDM symbol can avoid the collision with that of neighbouring cell even with same PCID. On top of the frequency shift, time domain shift (i.e. h_shift) can be also introduced within a slot, in order to provide additional collision avoidance for PBCH DMRS.

Proposal 1: It is preferred to use even mapping of DMRS REs with 1/3 density across the PBCH BW.

Proposal 2: It is proposed to apply the frequency shift(s) of DMRS for the collision avoidance from a neighboring cell with same DMRS RE position.
2.2. Sequence generation
Similar with LTE DMRS for PDSCH, it can be considered QPSK based Gold-sequence is used for NR PBCH DMRS with a following equation:
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To enable the sequence generation in above, the further details needs to be discussed as followings:
Where n in the above equation is number of DMRS REs per a PRB whenever the DMRS sequence is initialized. For example, if the DMRS sequence is initialized per every SS block and the DMRS RE density is assumed with 1/3 (i.e. 4 REs per a PRB), the n is 8 via 4 REs (# of RE per a OFDM symbol) * 2 OFDM symbols per a SS block. Depending on a time assumption for sequence initialization, n can be variable.
Maximum BW (
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) for DMRS sequence generation:
As in LTE, what maximum BW is assumed (i.e. system BW in LTE) should be determined for the sequence generation of reference signal. Different from LTE, as discussed in [2], a single wideband component carrier can contain multiple bandwidth parts and a SS block per each bandwidth part in a system bandwidth can be presence or not. As seen in Figure 2, there is an example of a wideband operation containing multiple bandwidth parts in a wideband CC. Depending on channel condition of UEs, each of UEs may access to different bandwidth parts. Each of bandwidth parts may contain the SS block or not. It may be required to inform UEs of this association of bandwidth part during initial cell access and there can be interference randomization of different DMRS sequence via bandwidth assumption. Therefore, what the maximum BW (i.e. number of PRBs) for DMRS sequence generation is assumed should be determined when considering multiple frequency positions of the SS blocks.
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Figure 3: Example of wideband operation including multiple SS blocks in a system bandwidth
There are two alternatives on the assumption of the maximum BW for DMRS sequence generation.
Alt 1. 
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where 
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is maximum number of bandwidth parts in a system BW; and SS block bandwidth (i.e. PBCH bandwidth) 
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. In Alt 1, the maximum BW for DMRS sequence generation is determined based on the maximum number of BW parts and SS block bandwidth. 
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can be used to derive a frequency position of a SS block and a bandwidth part index in a wideband CC. If a single CC operation is deployed without the bandwidth parts in system perspective, then DMRS sequence corresponding to a specific bandwidth part (e.g. BP#0) is partly used in a whole sequence generated by 
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Alt 2. 
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In alt 2, DMRS sequence generation in frequency domain is only based on SS block bandwidth, which means that maximum BW of DMRS sequence generation is same as the SS block bandwidth and independent with how many maximum bandwidth parts are considered for NR. Accordingly, the DMRS sequence generation is always independently performed and there would be less decoding complexity than Alt 1 due to no blind detection of a bandwidth part index.
It can be good starting points to determine what maximum bandwidth for DMRS sequence generation is assumed considering multiple number of frequency position of SS blocks including PBCH in a single component carrier (i.e. wideband operation).
Proposal 3: It is proposed to consider two alternatives in above about the assumption of the maximum BW for DMRS sequence generation.
Time index for DMRS sequence generation

For sequence initialization and generation of PBCH DMRS, the time indices (e.g. SS block index, slot index, OFDM symbol index and so on.) can be used for DMRS sequence initialization and generation on top of PCID as usual. For example, in case the initialization of pseudo random sequence for PBCH DMRS is performed in start of every SS block, the time indices including slot index, SS block index and/or OFDM symbol index can be at least used for the sequence initialization. Otherwise, PCID may be only used. Therefore, the SS block index among the time indices should be used for DMRS sequence generation if the SS block index is at least indicated by DMRS sequence proposed in [2].
Proposal 4: Use the SS block index and PCID for PBCH DMRS sequence generation.

3. Conclusion
In this contribution, we discussed on NR-PBCH design options. Our proposals and observation are as follows:

Proposal 1: It is preferred to use even mapping of DMRS REs with 1/3 density across the PBCH BW.

Proposal 2: It is proposed to apply the frequency shift(s) of DMRS for the collision avoidance from a neighboring cell with same DMRS RE position.
Proposal 3: It is proposed to consider two alternatives in above about the assumption of the maximum BW for DMRS sequence generation.

Proposal 4: Use the SS block index and PCID for PBCH DMRS sequence generation.
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