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Introduction
RAN1 made the following agreements in RAN1 NR ad-hoc#2 meeting [1].
	Agreements: 
· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload
Agreements:
· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH
· PBCH RE mapping: Alt. 1, NR-PBCH coded bits of the NR-PBCH code block(s) are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
Working assumption:
· Sequence type: Gold sequence
· If cross correlation issues are found, other sequences can be considered
· Sequence initialization from cell ID, and 2 or 3 bits from time identification 
· Different sequences in the N NR-PBCH symbols
· FFS: Using longer sequence, different mapping, different initialization etc.
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
Agreement:
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
Agreement:
· DMRS have the same RE position in all NR-PBCH symbols


In this contribution, we propose detailed NR-PBCH DMRS sequence and mapping design taking performance evaluation into account.
Discussion
Sequence and mapping design for sequence carries SS block index
We considered the following 3 sequence and mapping designs.
· Sequence design 1: 2 short sequences: SS block index sequence is mapped into whole PBCH bandwidth and another known sequence is mapped on non-SSS overlapped bandwidth.
· Sequence design 2: 1 long sequence with SS block index is mapped into whole PBCH bandwidth
· Sequence design 3: 2 short sequences: a sequence is mapped on only SSS overlapped bandwidth.
Sequence design 1 is our proposed sequence design mentioned in Annex B. This sequence design 1 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). Sequence design 2, consists of 1 long sequence and all of this sequence carries the SS block index. 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 frequency domain and the remaining part of the long sequence mapped on the other DMRS REs is detected without channel information. In sequence design 3, the SS block index sequence is mapped only on the SSS overlapped DMRS REs. A separate known sequence is mapped into the other DMRS REs
[image: ]
Figure 1 Sequence and mapping design for SS block index indication

Performance results of false detection rate of SS block index and NR-PBCH BLER are shown in Figure 2. Delay spreads of 100 nsec and 300 nsec are evaluated. Focusing on false detection rate of SS block index, performance of sequence design 3 is the worst among the 3 design candidates because the SS block index sequence with shorter length cannot bring enough processing gain. In the case of 300 msec of delay spread, performance of sequence design 1 is greater than that of sequence design 2. Since for sequence design 1 the UE can perform coherent detection of DMRS sequence among whole NR-PBCH bandwidth, sequence design 1 can have frequency diversity gain. As for NR-PBCH BLER, we did not see significant performance differences between these designs.

	[image: ]
	[image: ]

	(a) False detection rate of SS block index
	(b) NR-PBCH BLER


Figure 2 Performance comparison of DMRS RE mapping with respect to delay spread

Observation 1: By mapping of sequence for SS block indication on whole PBCH bandwidth and known sequence on non-SSS overlapped bandwidth, detection performance of SS block index could be robust for highly frequency selective fading.

As a result of the above evaluation, NR-PBCH DMRS should consist of 2 types of sequences: a sequence is used for indication of SS block index and another sequence (known sequence) is generated irrespective of SS block index.
Detailed sequence generation are described in Annex B.

Proposal 1: NR-PBCH DMRS should consist of 2 sequences.
· One sequence is generated by a parameter of cell ID.
· Another sequence is generated by both parameters of cell ID and 3 bits of SS block index.
Proposal 2: 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.

Mapping design for known sequence
Next, known sequence mapping should be considered. We assume the following 2 mapping design candidate.
· Mapping design 1: The known sequence is mapped in all of PBCH symbols.
· Mapping design 2: The known sequence is mapped only to one of the PBCH symbols.
Regarding mapping design 1, 2 sequences are alternatively mapped into NR-PBCH DMRS in time/frequency domain to keep robustness for both of time and frequency channel variance. On the other hand, for mapping design 2, sequence used for channel estimation for SS block index detection (known sequence) is mapped on only 1 PBCH symbol. As an example, taking latency into account, all of the known sequence may be mapped only on the first PBCH symbol.
[image: ]
Figure 3 Mapping design of known sequence used for channel estimation

We evaluated false detection rate and NR-PBCH BLER with respect to Doppler spread and results are shown in Figure 4. We evaluated in the case of 250 km/h UE speed and 500 km/h UE speed, respectively. Degradation of detection performance caused by high Doppler is marginal in mapping design 1, while false detection rate of mapping 2 is significantly higher. As for NR PBCH BLER, in mapping design 1, the effect of time diversity between the two PBCH symbols brings BLER improvement. On the other hand, BLER performance of mapping design 2 is also degraded as well. It is caused by transferring mis-detection of DMRS sequence.
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	(a) False detection rate of 3 SS block index
	(b) NR-PBCH BLER


Figure 4 Performance comparison of DMRS RE mapping with respect to Doppler spread

Observation 2: By mapping of the known sequence across all PBCH symbols, detection performance of SS block index and decoding performance of NR-PBCH could be robust for highly time varying channels.

As a result of the above evaluation, we proposed that the sequence to be used for channel estimation before detection of SS block index is mapped on all the NR-PBCH symbols. In addition, in order to reduce false detection probability of SS block index caused by cross-correlation from neighbour cell DMRS sequence, RE position of NR-PBCH DMRS can be shifted as in LTE CRS.
Detailed DMRS RE mapping is described in Annex B.

Proposal 3: Interlaced 2 sequences (SS block indication sequence and a known sequence) are mapped into NR-PBCH DMRS in the non-SSS overlapped subcarriers.
Proposal 4: Variable NR-PBCH DMRS RE positions with frequency shift should be supported.

[bookmark: _GoBack]Conclusion
Through evaluation results in this contribution, we reached the following conclusion:
Observation 1: By mapping of sequence for SS block indication on whole PBCH bandwidth and known sequence on non-SSS overlapped bandwidth, detection performance of SS block index could be robust for highly frequency selective fading.
Observation 2: By mapping of the known sequence across all PBCH symbols, detection performance of SS block index and decoding performance of NR-PBCH could be robust for highly time varying channels.

Then, we proposed the following:
Proposal 1: NR-PBCH DMRS should consist of 2 sequences.
· One sequence is generated by a parameter of cell ID.
· Another sequence is generated by both parameters of cell ID and 3 bits of SS block index.
Proposal 2: 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.
Proposal 3: Interlaced 2 sequences (SS block indication sequence and a known sequence) are mapped into NR-PBCH DMRS in the non-SSS overlapped subcarriers.
Proposal 4: Variable NR-PBCH DMRS RE positions with frequency shift should be supported.
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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

	Delay spread
	100 nsec as baseline

	UE speed
	3 km/h as baseline

	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 (defined in LTE [3])

	Length of sequence for SS block index indication
	Sequence design 1: 208 bits
Sequence design 2: 288 bits
Sequence design 3: 128 bits


Annex B: Sequence and mapping for NR-PBCH DMRS
Detailed sequence and mapping for NR-PBCH DMRS are provided in the below.
	Sequence generation

The PBCH demodulation reference-signal sequence used for SS block index indication  are QPSK modulated and is defined by








where  denotes the bandwidth in subcarriers of SSS transmission,  denotes the bandwidth in subcarriers of the PBCH transmission, and  denotes the number of symbols for PBCH transmission within a SS block. The pseudo-random sequence  is defined in section 2 of this contribution. The pseudo-random sequence generator shall be initialised with  where  is 3 bits of SS block index.

The PBCH demodulation reference-signal sequence not used for SS block index indication  are QPSK modulated and is defined by



The pseudo-random sequence generator not used for SS block index indication shall be initialised with .
Mapping to resource elements


The PBCH demodulation reference-signal sequence used for SS block index indication  shall be mapped to complex-valued modulation symbols , where k and l represent subcarrier and OFDM symbol index within a SS block according to:






The PBCH demodulation reference-signal sequence not used for SS block index indication  shall be mapped to complex-valued modulation symbols , where k and l represent subcarrier and OFDM symbol index within a SS block according to:





Figure A1 DMRS RE mapping
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