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1. Introduction

In RAN1 #89 meeting, the agreements for NR-PBCH DM-RS sequence were made as follows [1]:

	Agreements: (RAN1 #89)

· 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, we discuss further for NR-PBCH DM-RS design, and provide some evaluation results for NR-PBCH DM-RS proposals.
2. Design for NR-PBCH DM-RS
NR-PBCH DMRS Pattern design
For the DMRS design, we have to finalize DMRS overhead, time/frequency position and scrambling sequence. Overall PBCH decoding performance can be decided by channel estimation performance and NR-PBCH coding rate. Since the number of RE for DMRS transmission has a trade-off between channel estimation performance and PBCH coding rate, we need to find the appropriate number of RE for DMRS. In this contribution, we provided evaluation result of PBCH decoding performance according the number of DMRS. In this evaluation, we can see that when 4 REs per RB (1/3 density) is assigned for DMRS, better performance is provided. When two OFDM symbols are assigned for NR-PBCH transmission, 192 REs for DMRS and 384REs for MIB transmission are used. In this case, when 64bits of payload size is assumed, 1/12 coding rate can be achieved, which is same coding rate with LTE PBCH.
Proposal 1: For PBCH transmission, it should be assumed that 192REs for DMRS and 384REs for MIB are used when two OFDM symbols are assigned.
In RAN1 #88 meeting, it was agreed that DMRS is introduced for phase reference of NR-PBCH. In this meeting, RE mapping scheme for DMRS will be finalized. At the last meeting, two mapping schemes are presented. Equal mapping scheme use each PBCH symbol, and DMRS sequence is mapped on subcarriers with equal interval. Unequal mapping scheme use each PBCH symbol, and DMRS sequence is not mapped within NR-SSS transmission bandwidth. Instead, unequal mapping scheme use NR-SSS for PBCH demodulation. Therefore, unequal mapping scheme could have more resource for channel estimation than equal mapping method and could use more RE for data transmission. However, in the initial access process, residual CFO can be exist, so channel estimation using SSS symbol could not be accurate. Also, equal mapping scheme has an advantage in CFO estimation and fine time tracking. If SS block time indication is presented in PBCH DMRS, equal mapping scheme can have additional benefit. In this contribution, we provided evaluation result of PBCH decoding performance according the RE mapping scheme. From the evaluation result, the performance of equal mapping scheme is better than that of unequal mapping scheme. For initial access process, equal mapping scheme seems to be more appropriate.

Proposal 2: NR-PBCH DMRS should be mapped on each PBCH symbol with equal subcarrier interval.
Also, regarding on frequency position of DMRS, we can assume the interleaved mapping in frequency domain, which can be shifted according to cell-ID. Equally distributed DMRS pattern could have benefit to use DFT based channel estimation which provide optimal performance in case of 1-D channel estimation. 

Proposal 3: For frequency position of DMRS, interleaved mapping in frequency domain should be assumed. Also, frequency domain shift according to cell-ID can be assumed.

DMRS Sequence Generation
In RAN1 #88 meeting, it was agreed that DMRS is introduced for phase reference of NR-PBCH. In this meeting, DMRS sequence generation will be finalized. From the agreement of RAN1 #89, NR-PBCH DMRS must be scrambled by Cell ID. In our companion contribution [2], SS block time index and 5ms boundary (total 16 states) can be presented in PBCH DMRS. Therefore, NR should design NR-PBCH DMRS has multiple hypothesis (at least the number of Cell-ID, SS block time index, and 5ms boundary). 

Proposal 4: NR-PBCH DMRS should has multiple hypothesis which include at least the number of Cell-ID, SS block time index, and 5ms boundary.

For sequence of DMRS, pseudo random sequence defined by a type of Gold sequence can be introduced. The length of DMRS sequence can be defined as the number of RE for DMRS per SS block. Also, the sequence can be initialized by cell-ID, SS block time index within SS burst set, and half frame boundary.
Proposal 5: The sequence of DMRS can be initialized by cell-ID, SS block time index within SS burst set, and half frame boundary.

3. Performance Evaluation

DMRS Density

At the low SNR region, channel estimation performance enhancement is an important factor for demodulation performance enhancement. However, when RS density of NR-PBCH is increased, the channel estimation performance is improved, but coding rate is decreased. So, in order to see the trade-off between channel estimation performance and channel coding gain, we compare the decoding performance according to DMRS density. In this evaluation, we assume the following alternatives for RS density. Note that single port based transmission scheme (i.e. TD-PVS) is used for this evaluation.

· Alt.1: 2 RE per symbol per RB

· Alt.2: 4 RE per symbol per RB

· Alt.3: 6 RE per symbol per RB
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Figure 1. DMRS pattern for NR-PBCH

Figure 1 shows DMRS pattern for single antenna port based transmission. In this case, DMRS position in frequency domain is changed according to RS density, which keeps equal distance between reference signals. Also, in Figure 2, we provide performance result according to reference signal density of DMRS.
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Figure 2. Performance result according to reference signal density of DMRS 

As shown in Figure 2, NR-PBCH decoding performance of Alt.2 is better than performance of Alt.1 because of better channel estimation performance. On the other hand, Alt.3 shows worse performance than Alt.2, because the effect of the coding rate loss is huger than the gain of channel estimation performance enhancement. As observed in this evaluation, 4 RE per symbol per RB seems proper point of RS density.

Observation 1: The performance of 4 RE per symbol per RB is better than the performance of 2 RE and 6RE per symbol per RB. 4 RE per symbol per RB seems proper point of RS density.
RE Mapping Scheme 
In this subsection, we provide evaluation result according to PBCH DMRS RE mapping schemes (i.e. Equal mapping, Unequal mapping). Note that NR-SSS is mapped on 144 RE (12 RB), and NR-PBCH mapped on 288 RE (24 RB). In this evaluation, we assume unequal mapping scheme use SSS for PBCH demodulation, and PBCH DMRS does not mapped within NR-SSS transmission bandwidth. In addition, residual CFO exist in our evaluation assumption. From the aspects, the details as follows:
· Alt 1: DMRS sequence is mapped on subcarriers with equal interval. (96 RE per one PBCH symbol, total 192 RE)
· Alt 2: DMRS sequence is mapped on subcarriers with unequal interval (no mapping within NR-SSS transmission bandwidth). In this case, SSS is used for PBCH demodulation. (48 RE per one PBCH symbol and 128 RE for SSS symbol, total 224 RE)
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Figure 3. RS mapping scheme for NR-PBCH DMRS
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Figure 4. Evaluation results according to NR-PBCH transmission scheme

As observed in Figure 4, Unequal mapping scheme with no CFO shows better performance that Equal mapping scheme due to containing more RE for channel estimation. However, residual CFO degrade performance of Unequal mapping scheme, but Equal mapping scheme shows similar performance regardless of CFO. Even though Unequal mapping scheme has more RE resource for channel estimation, channel estimation accuracy of the SSS symbol is degraded with residual CFO. In this evaluation, we can see that channel estimation performance of Equal mapping is better than that of Unequal mapping scheme in the presence of residual CFO.
Observation 2: Equal DMRS mapping scheme outperforms Unequal DMRS mapping scheme under the condition of residual CFO presence.
4. Conclusion
In this contribution, we discussed on NR-PBCH DM-RS design. As a conclusion, we summarize observations and proposals as following:
Observation 1: The performance of 4 RE per symbol per RB is better than the performance of 2 RE and 6RE per symbol per RB. 4 RE per symbol per RB seems proper point of RS density.
Observation 2: Equal DMRS mapping scheme outperforms Unequal DMRS mapping scheme under the condition of residual CFO presence.
Proposal 1: For PBCH transmission, it should be assumed that 192REs for DMRS and 384REs for MIB are used when two OFDM symbols are assigned.
Proposal 2: NR-PBCH DMRS should be mapped on each PBCH symbol with equal subcarrier interval.
Proposal 3: For frequency position of DMRS, interleaved mapping in frequency domain should be assumed. Also, frequency domain shift according to cell-ID can be assumed.

Proposal 4: NR-PBCH DMRS should has multiple hypothesis which include at least the number of Cell-ID, SS block time index, and 5ms boundary.

Proposal 5: The sequence of DMRS can be initialized by cell-ID, SS block time index within SS burst set, and half frame boundary.
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Appendix A:
Table 1. Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	4GHz

	Channel Model
	CDL_C (delay scaling values: 100ns) 

	Subcarrier Spacing
	15 kHz

	Antenna Configuration
	TRP: (1,1,2) with Omni-directional antenna element
UE: (1,1,2) with Omni-directional antenna element

	Frequency Offset
	0% and 10% of subcarrier spacing

	Default period
	20 ms

	Subframe duration
	1 ms

	OFDM symbols in SF
	14

	Number of interfering TRPs
	1

	Operating SNR
	-6 dB
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