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Introduction
In RAN1 #88bis meeting [2] the following were agreed:
Agreements:
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec

Furthermore, in RAN1 NR Ad-Hoc#2 meeting it was further agreed for the following [4]:
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:
· An indication related to the synchronization information is provided to the UE
· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)
· Note that it is up to RAN2 how to provide this indication
· Note that it is up to RAN4 about the feasibility of synchronization and its requirement

This contribution discusses the sequence design details of DMRS for NR-PBCH. In particular, the focus of this contribution is on evaluation results of different design options for DMRS sequences and observations. 

[bookmark: _Ref465895131]NR-PBCH DMRS Sequence 
Different designs of DMRS were implemented for indicating SS block time index (sbti). Total of 144 REs in 24 RBs within two NR-PBCH OFDM symbols were allocated for DMRS. In all the designs, to facilitate coherent detection of sbti, two different types of DMRS sequence were used. Type 1 sequence, which is not used for the sbti indication and a Type 2 sequence, which is used for the sbti indication. 
Type 1 sequence:  


Generated using gold sequence, this sequence only depends on . One of the M-sequence was initialized using [0,0, .. 0, 1]; and another M sequence was initialized with. Two different size of LFSRs were used to generate these sequences. LFSR of length 31 (LTE PN sequence) and LFST of length 7. The generated gold code was then truncated and modulated with QPSK.

            
These modulated symbols were mapped to PBCH DMRS REs in two different ways.
1. Map Type 1 sequence to 72 DMRS REs on the first OFDM symbol of NR-PBCH
2. Map Type 1 sequence to 41 REs not overlapping with NR-PSS/SSS sequence on first OFDM symbol (note that NR-PSS/SSS sequence is of length 127 instead of 144. Hence only 31 DMRS REs really overlap with the sub-carriers carrying NR-PSS and NR-SSS)
This was illustrated in Figure 1.
Type 2 sequence: 
This sequence depends on Cell ID and SS block time index. Two different designs were used to generate the type 2 sequences. 
1. 

In one design a gold sequence was generated using same size of LFSR as the type 1 sequence. However, one of the M-sequence was initialized using [0,0, .. 0, 1]; and another M sequence was initialized with.. To see the variation with different initialization parameters, another initialization also was implemented. This gold sequence is also truncated and modulated with QPSK. 
2. In second design DMRS sequence was generated using different cyclic shifts on the Type 1 sequence (8 cyclic shifts were considered in this design).
Each cyclic shift indicates different SS Block Index (stbi)

            
The main advantage of this design is receiver complexity due to possible differential approach in decoding of stbi. 

These modulated symbols are then mapped to PBCH DMRS REs in two different ways corresponding to Type 1 sequence mapping. 
1. Map Type 2 sequence to 72 DMRS REs second OFDM symbol of NR-PBCH (the total length is 72)
2. Map Type 2 sequence to 31 REs overlapping with NR-PSS/SSS on first OFDM symbol of NR-PBCH and all the 72 REs on second OFDM symbol of NR-PBCH (therefore the total length of the sequence is 103). 
This was illustrated in Figure 1.
[bookmark: _Ref485335123] 


[bookmark: _Ref490232690]Figure 1: DMRS Mapping for NR-PBCH

NR-PBCH DMRS-based SS Block Time Index Indication 
For Sequence based stbi indication; Type 1 DMRS are detected and used for channel estimation at the receiver. These are in turn used for coherent detection of Type 2 DMRS. Indicated sbti is decoded from these type 2 DMRS. In the payload based indication; we have knowledge of the all 144 DMRS and use them for 2D-MMSE channel estimation. These estimates are used to equalize the data sub-carriers. After demodulation, polar decoding is used to decode data and obtain stbi. For 3 bit indication of sbti we see performance gain of about 2.7 dB at stbi error rate 0.01, when using sequence based indication as compared to payload-based approach. 


[image: C:\Users\panjl\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\AGSHX9P6\compareWithPayload_fin.png]
Figure 2: Performance of NR-PBCH SS Block Time Index Indication

Observation 1: For 3 bit indication of sbti performance gain of about 2.7 dB is observed at stbi error rate 0.01, for sequence-based indication as compared to payload-based approach.
Proposal 1: DMRS can be used for 3 bit indication of SS block time index.

If the Type 2 sequence is generated using cyclic shift of the Type 1 sequence in OFDM symbol 1, the stbi detection can be very low complexity compared to sequence initialization alternatives. The main reason for complexity reduction is differential decoding. The received Type 2 DMRS in OFDM symbol 2 can be devided by received Type 1 DMRS in OFDM symbol 1 for all the RE to get the cyclic shift. When transformed to time domain, this phase rotation translates to time shift. It is also important to note that the cross correlation properties for cyclic shift are better than initialization based gold sequence of length 72. Hence they perform better as compared to initialization based gold sequence of similar length. This is shown in Figure 3. Also for sequence of lenth 72, every 9th sub-carrier for Type 1 sequence is identical to that of Type 2 sequence. This property of gives us opportinuty to estimate residual CFO. As agreed in previous meeting, the data or the DMRS symbols are not repeated for OFDM symbol for the two NR-PBCH OFDM symbols, this may be a way to compensate the residual CFO.  
In Figure 3, we also observe that longer length type 2 (Lseq =103) sequence perform better than shorter length type 2 sequences (Lseq = 72). So if we want to trade complexity of decoding for performance gain, we may choose to use indicate sbti using initialization of the type 2 sequence. 
[image: ]
[bookmark: _Ref490233423]Figure 3 Comparison of different length of DMRS Sequance
It was observed that BPSK and QPSK have similar performance. QPSK may be considered for modulation of PBCH DMRS. We also observe that same length of sequences generated by different LFST length (LLFSR=7 and LLFSR =31) have similar performance. 
[image: ]
Figure 4: Comparison of sequences for NR-PBCH SS Block Time Index Indication


In Figure 5, it was observed that different initialization seems to have similar performance.

[image: ]
[bookmark: _Ref490233215]Figure 5 Comparison of different initialization of DMRS Sequance
Variable RE positions with frequency shift (e.g., cell ID modulo by 4) may be considered for inter-cell interference mitigation. Frequency mapping rule may be based on Frequency-first time-second mapping.


Observation 2: LFSR sizes 7 and 31 seem to have similar performance.
Observation 3: Different initialization seem to have similar performance
Proposal 2: LTE Gold Code (Polynomial order 31) may be considered for sequence generation for PBCH DMRS.
Proposal 3: Variable RE positions with frequency shift may be considered for inter-cell interference mitigation. 

Conclusions
In this contribution, we discussed and evaluated the downlink broadcast signal and channel transmission for initial access for a beam-based approach in NR. We discussed the sequence design details of DMRS for NR-PBCH. In particular, the focus of this contribution is on evaluation results of different design options for DMRS sequences and observations. We have the following proposals:
Proposal 1: DMRS can be used for 3 bit indication of SS block time index.
Proposal 2: LTE Gold Code (Polynomial order 31) may be considered for sequence generation for PBCH DMRS.
[bookmark: _GoBack]Proposal 3: Variable RE positions with frequency shift may be considered for inter-cell interference mitigation. 
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Appendix A : Evaluation Assumptions


[bookmark: _Ref465929413]Table 1. Link Level Simulation Assumptions

	Parameter
	Values for Above 6GHz

	Carrier Frequency
	30 GHz

	Channel Model
	CDL-C 30nS, 3kmph Doppler

	Subcarrier Spacing(s)
	120KHz 

	Antenna Configuration at the TRP
	(4,8,2), with directional antenna element (HPBW=65 degrees, directivity 8dB)

	Antenna Configuration at the UE
	(2,4,2), with directional antenna element (HPBW=90 degrees, directivity 5dB)

	DMRS Density
	¼ –  3 REs per RB in both OFDM symbol

	DMRS Modulation
	BPSK, QPSK

	Channel Estimation for DMRS pre-equalization 
	LS channel estimation, 
· Using Type 1 DMRS (If type1 DMRS are covering all the RBs)
· Using PSS / SSS + Type 1 DMRS (If type1 DMRS are not covering all the RBs)

	Number of OFDM Symbol
	2, data repetition across both OFDM symbol

	Symbol Mapping
	PSS-PBCH1-SSS-PBCH2

	Number of RBs Used 
	24

	Channel Coding for Payload
	PC Polar Codes, Decoder List Length = 8, (CRC assisted Decoding not used

	Polar Code word length
	512

	Payload including CRC
	80 Bits

	Channel Estimation for Payload 
	2D MMSE, Using DMRS only in PBCH

	Transmit Port
	Single Port Transmission

	Receiver
	Receive Diversity with 2 Ports, MMSE Equalization 

	Modulation
	QPSK






Appendix B : Gold Codes
· Gold Sequence for LFSR-7



· Gold Sequence for LFSR-31
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PBCH in CDL, SBTI using different Initialization

Error Rate SS BlockID Detection

Vi 1)

-13 -12 -11 -10 -9
SNR





image12.wmf
(

)

(

)

(

)

2

mod

)

(

)

1

(

)

7

(

2

mod

)

(

)

4

(

)

7

(

2

mod

)

(

)

(

)

(

2

2

2

1

1

1

2

1

n

x

n

x

n

x

n

x

n

x

n

x

n

x

n

x

n

c

+

+

=

+

+

+

=

+

+

=


oleObject7.bin

image13.wmf
(

)

(

)

(

)

2

mod

)

(

)

1

(

)

2

(

)

3

(

)

31

(

2

mod

)

(

)

3

(

)

31

(

2

mod

)

(

)

(

)

(

2

2

2

2

2

1

1

1

2

1

n

x

n

x

n

x

n

x

n

x

n

x

n

x

n

x

N

n

x

N

n

x

n

c

C

C

+

+

+

+

+

+

=

+

+

+

=

+

+

+

+

=


oleObject8.bin

