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Introduction
RAN1 made the following working assumption in RAN1#90 meeting [1].
	Working assumption:
· Regarding the number of sequences and sequence mapping rule:
· Single long sequence is mapped to all PBCH-DMRS REs within a SS block
· LTE PN generator is reused for PBCH DMRS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages
· Regarding EPRE offset between PBCH-DMRS and NR-PBCH data:
· FFS: UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied
· Note that power boosting is up to NW implementation
· Regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations:
· vshift = NIDcell mod 4
· Regarding PBCH-DMRS sequence generation:
· PBCH-DMRS sequence is based on long Gold sequence (e.g., polynomial order >= 30)
· Sequence modulation is QPSK


In this contribution, we compare the receiver complexity and performance of the PBCH DMRS mapping scheme in the working assumption with that of one other proposed mapping.
Discussion
In the working assumption, it was considered that a single sequence dependent on the SS block index is mapped to all PBCH DMRS REs within the SS block. With a single sequence mapping scheme, 2 types of detection schemes are possible:
· [bookmark: _GoBack]A detection scheme using partial band coherent detection (CD), which means that the channel estimate from the SSS can be used for detection of a part of the long sequence that is mapped on the SSS overlapped DMRS REs in the frequency domain and the remaining part of the long sequence that is mapped on the other DMRS REs is detected non-coherently without channel information. This detection scheme has a lower complexity implementation but its detection performance is worse.
· A second detection scheme using generalized likelihood ratio test (GLRT), as used in [2]. A UE postulates in turn that the DMRS sequence transmitted is one of the candidate DMRS sequences. Then for each postulated sequence, the UE establishes a channel estimate assuming that the DMRS carry the said sequence. Using this candidate channel estimate, the UE can calculate LLRs of the PBCH payload bits from PBCH payload bearing REs. After calculating LLRs using in turn each of the candidate channel estimates derived from each postulated DMRS sequence, the UE chooses the DMRS sequence that maximises the LLRs of PBCH payload. This detection scheme can achieve high detection performance, although its complexity is significantly higher because the UE is forced to perform as many channel estimations as there are candidate DMRS sequences – up to 8 times.
To ensure low detection complexity even while achieving high detection performance, the use of 2 DMRS sequences has been proposed [3], [4]. In such a mapping scheme, taking the example from [3] in Figure 1, PBCH DMRS consists of 2 sequences: sequence A is used for SS block index indication and the other sequence B is used for channel estimation before detection of sequence A. With this scheme traditional high performance one-shot channel estimation can be used thereby minimising UE implementation complexity and power consumption during SS block index detection.


Figure 1 Sequence and mapping design for SS block index indication

In this contribution, we compare the detection performance of these schemes in simulations. Simulation assumptions are tabulated in Annex A. Performance results of PBCH BLER and false detection rate for the SS block index and NR-PBCH BLER are shown in Figure 2, 3 and 4 . Delay spreads of 100 nsec, 300 nsec, and 1000 nsec are evaluated in Figures 2, 3 and 4 respectively. In the results, we observe no difference in the BLER performance of NR-PBCH decoding. Therefore in the rest of the discussion, we focus on the false detection rate of SS block index. Amongst the 3 schemes, the performance of single sequence with partial band CD is the worst because a single sequence with partial band CD cannot get enough frequency diversity gain. Comparing between single sequence with GLRT detection and 2 sequences with full band CD, in the case of DS = 100 nsec (Figure 2), single sequence with GLRT detection has slightly higher performance than 2 sequence with full band CD. In the cases of DS = 300 nsec and 1000 nsec, 2 sequences with full band CD performs better than the single sequence with GLRT detection – Figures (3) and (4). 
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	(a) False detection rate of SS block index
	(b) NR-PBCH BLER


Figure 2 Performance comparison of DMRS mapping schemes in case of delay spread = 100 nsec
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	(a) False detection rate of SS block index
	(b) NR-PBCH BLER


Figure 3 Performance comparison of DMRS mapping schemes in case of delay spread = 300 nsec
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	(a) False detection rate of SS block index
	(b) NR-PBCH BLER


Figure 4 Performance comparison of DMRS mapping schemes in case of delay spread = 1000 nsec

From these results, it can be said that both single sequence with GLRT detection and 2 sequences with full band CD are suitable for NR, even though at higher delay spreads, the 2 sequences show slightly better performance. It is worth noting however, that the single sequence with GLRT detection has at least 8 times higher complexity than the traditional channel estimation that can be used with the 2 sequences. 
Observation 1: Low complexity algorithms (such as the partial band coherent detector) for detecting the single DMRS sequence perform poorly and so high complexity algorithms such as GLRT will be needed to achieve good performance. 

Observation 2: The high complexity GLRT algorithm necessary for detecting a single sequence DMRS has slightly worse performance and significantly higher complexity than the traditional low complexity detection algorithm based on 2 DMRS sequences.

Considering both detection performance and the above observations on UE complexity, NR-PBCH DMRS should consist of 2 types of sequences: one sequence is used for indication of SS block index and another sequence (known sequence) is generated irrespective of SS block index.

Proposal: NR-PBCH DMRS consists of 2 sequences.
· One sequence is generated by a parameter of cell ID and another sequence is generated by both parameters of cell ID and 3 bits of SS block index.
· The 2 sequences are mapped in accordance with the following mapping rule:
· For non SSS overlapped subcarriers, both sequences are mapped into NR-PBCH DMRS REs.
· For SSS overlapped subcarriers, only the sequence which carries 3 bits of SS block index are mapped into NR-PBCH DMRS REs.

Conclusion
Through evaluation of two DMRS mapping schemes and the complexity of the resulting detectors in this contribution, we observed the following:

Observation 1: Low complexity algorithms (such as the partial band coherent detector) for detecting the single DMRS sequence perform poorly and so high complexity algorithms such as GLRT will be needed to achieve good performance. 

Observation 2: The high complexity GLRT algorithm necessary for detecting a single sequence DMRS has slightly worse performance and significantly higher complexity than the traditional low complexity detection algorithm based on 2 DMRS sequences.

Accordingly, we think the WA should not be confirmed and we propose the following instead:
Proposal: NR-PBCH DMRS should consist of 2 sequences.
· One sequence is generated by a parameter of cell ID and another sequence is generated by both parameters of cell ID and 3 bits of SS block index.
· The 2 sequences should be mapped in accordance with the following mapping rule:
· For non SSS overlapped subcarriers, both sequences are mapped into NR-PBCH DMRS REs.
· For SSS overlapped subcarriers, only the sequence which carries 3 bits of SS block index are mapped into NR-PBCH DMRS REs.
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Annex A: Link-level simulation assumption for NR-PBCH
Table A: Simulation assumption for NR-PBCH
	Parameters
	Values

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15 kHz

	Channel model
	TDL-C

	UE speed
	3 km/h

	Modulation
	PBCH: QPSK
DMRS: QPSK

	Antenna configuration
	1 Tx & 2 Rx

	Channel coding
	1/3 TBCC

	Channel estimation
	Realistic channel estimation

	The number of interfering TRPs
	No interfering TRP

	The number of NR-SSS subcarrier
	127

	PBCH bandwidth
	288 subcarriers

	NR-PBCH OFDM symbol
	2 symbols

	NR-MIB payload size
	51 bits

	The number of SS block index indicated by NR-PBCH DMRS
	3 bits

	Sequence type of NR-PBCH-DMRS
	Length-31 Gold sequence (as in working assumption)

	Length of sequence for SS block index indication
	Single sequence: 288 bits
2 sequence: 208 bits
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