[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting#90		R1-1712352
Prague, Czechia, 21st – 25th August 2017

Source:	CATT
Title:	NR PBCH RE mapping in SS Block
Agenda Item:	6.1.1.2.2
Document for: 	Discussion and Decision
Introduction
In RAN1 NR Ad-Hoc #2 meeting [1], RAN1 agreed the following for PBCH DMRS sequence and PBCH-DMRS RE mapping/density, 
	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

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.


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 give the PBCH DMRS design details for the sequence, modulation and RE mapping. The evaluation of PBCH detection results are shown for the designed NR-PBCH DMRS.

PBCH DMRS Sequence and Modulation
PBCH DMRS sequence
The Gold sequence c(n) is generated as follows.



The initial state configuration for x1 is the same as in LTE. And the initial state configuration for x2 is generated by , which  is associated with NR cell ID and 3bits of SS block index as in the following equation 



or 

or 
Proposal 1:  LTE PN code is reused for NR PBCH DMRS sequence generation.

PBCH DMRS Modulation
The method for modulation is QPSK. Compared with BPSK, with modulation of QPSK, longer binary sequence truncated from Gold sequence can be transmitted with PBCH DMRS REs, which contributes to better performance on cross-correlation for the PBCH DMRS sequences.
The PBCH demodulation reference-signal sequence in DMRS  are QPSK modulated and is defined by


where  denotes the bandwidth in subcarriers of the PBCH transmission, and  denotes the number of symbols for PBCH transmission within a SS block. 

Proposal 2:  QPSK is used for NR PBCH DMRS sequence generation, which contributes to better performance on cross-correlation of the PBCH DMRS sequences for longer length of sequence.

RE mapping
It was agreed that equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol. There are four candidates for the RE positions used for PBCH DMRS transmission, which is shown in Fig. 1




Figure 1. Candidate DMRS RE positions
There are different options for RE mapping as a function of cell ID and 3 bits of SS block time index, e.g.,
· All the PBCH DMRS sequences of the cells are mapped to the same candidate position. 
· The PBCH DRMSs of different cells may be mapped to different candidate positions. 

The second option is based on the consideration of PBCH DMRS RE shifting, with which the inference of PBCH DMRS among neighbouring cells can be randomized. The PBCH demodulation reference-signal sequence  shall be mapped to resource element  , where k and l represent, respectively, the subcarrier and PBCH OFDM symbol index within a SS block, according to:


.


Proposal 3:  RE shifting for PBCH DMRS is cell ID dependent, which reduces the inference of PBCH DMRS among different cells.

Simulation of PBCH detection
In this section, we will evaluate the NR PBCH performance with different shots based on aforementioned DMRS design scheme. The simulation assumption is shown in Appendix. 
Figure 2 shows BLER performances combining different number of shots based on Hash Polar channel coding structure with mother code length 512 presented in [2]. It is observed that for the DMRS design in the contribution, combining more than two NR-PBCH transmissions can achieve BLER below 1 % @ -6 dB for the payload size of 72 bits.
[image: ]
Figure 2 Performance comparison on combining different number of shots of NR PBCH
Conclusion
This contribution discussed NR PBCH DMRS design with the details of the PBCH DMRS sequence, modulation and RE mapping. 
Proposal 1:  LTE PN code is reused for NR PBCH DMRS sequence generation.
Proposal 2:  QPSK is used for NR PBCH DMRS modulation, which contributes to better performance on cross-correlation of the PBCH DMRS sequences generated from longer binary PN sequence.
Proposal 3:  RE shifting for PBCH DMRS is cell ID dependent, which reduces the inference of PBCH DMRS among different cells.
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Appendix: Link-level simulation assumptions
Table I: Simulation assumptions for NR-PBCH
	Attributes
	Value or assumptions

	Carrier Frequency
	4 GHz

	Channel Model
	TDL-C, 100ns

	Subcarrier Spacing(s)
	15kHz

	Frequency resource
	24PRB

	Time resource
	2 OFDM symbols

	UE speed
	3 km/h 

	Antenna Configuration
	2Tx2Rx

	DMRS  
	see Section 2 and 3 

	Channel coding scheme
	Polar code

	Periodicity
	20ms with PBCH block size of 80 ms

	Payload size
	72bits (including CRC)

	Channel estimation
	MMSE2D

	Performance Target
	1% BLER @ -6dB (average received SNR)
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