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1. Introduction
In RAN1 #89 and NRAH#2 meeting, NR-PBCH DM-RS sequence design and time index indication method related agreement were made as follows [1,2]:
	Agreements: (RAN1 #89)
· DMRS sequence depends on at least cell IDs

	Agreements: (RAN1 NRAH#2)
· 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
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
· DMRS have the same RE position in all NR-PBCH symbols
· 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


In this contribution, we discuss further for time index indication mechanism, and details of NR-PBCH DM-RS design. Also, we provide some evaluation results for NR-PBCH DM-RS proposals.

1. Discussion
Time index indication mechanism
The timing information includes SFN, half radio frame interval, and SS/PBCH block time index. Each of the time information can be expressed by 10bits for SFN, 1bit for half radio frame, and 6 bits for SS/PBCH block time index. Among the time information, NR decided that a part of SFN is included in PBCH contents. Also, in RAN1 NRAH#2 meeting, it was agreed as working assumption that NR-PBCH DMRS is used as a signal to deliver 3bits of SS block time index. So far, we have remaining discussion how many bits of SFN are included in PBCH contents (i.e. 7 or 8 bits), and which channel/signal can be used for half radio frame interval indication (e.g. PBCH contents, PBCH DMRS, etc.). Also, we need to decide which part of bit for SS/PBCH block time index is included in PBCH contents and PBCH-DMRS.

Figure 1. Summary of timing index indication
There are the alternatives for time indication mechanism.
· Alt.1: S2 S1 (PBCH scrambling) + S0 C0 (PBCH contents)
· Alt.2: S2 S1 S0 (PBCH scrambling) + C0 (PBCH contents)
· Alt.3: S2 S1 (PBCH scrambling) + S0 C0 (PBCH DMRS)
· Alt.4: S2 S1 S0 (PBCH scrambling) + C0 (PBCH DMRS)
If NR-PBCH DMRS deliver half radio frame interval(C0), additional performance gain can be achieved by combining PBCH data per 5ms. For that reason, we assume that 1bit for half radio frame interval indication is delivered by NR-PBCH DMRS similar to Alt.3 and Alt.4. Comparing Alt.3 and Alt.4, Alt.3 could perform less blind decoding, but PBCH DMRS performance loss can be possible. If PBCH DMRS deliver 5bits (S0,C0,B0,B1,B2) with good performance, Alt.3 can be used for time indication mechanism. If not, Alt.4 should be used for time indication mechanism. Therefore, we consider that MSB 7bits of SFN is contained in PBCH contents, and that LSB 2bits/3bits of SFN is represented by PBCH scrambling. Also, we assumed that 3bits of SS block time index which is delivered by PBCH DMRS is defined as LSB and the remaining 3bits for SS/PBCH block time index which is included at a part of PBCH contents is defined as MSB. Time index indication mechanism is summarized in Figure 1.
Proposal 1: For indication of the time index, PBCH contents, PBCH scrambling, PBCH DMRS should be used. The detail of indication method is as follows:
· SFN: 10bits = MSB 7bits (PBCH contents) + LSB 3bits (PBCH scrambling)
· Half radio frame boundary: 1bit (PBCH DMRS)
· SS/PBCH block index: 6bits = MSB 3bits (PBCH contents) + LSB 3bits (PBCH DMRS)

In addition, we can discuss how to obtain SS/PBCH time index for neighbor cell. In the RAN1 NRAH#2 meeting, it was agreed that 3 bits of SS/PBCH block index are carried by changing the DMRS sequence within each 5ms period, because DMRS sequence is provide better performance than the decoding for PBCH contents. For the below 6GHz frequency range, the SS/PBCH time index can be obtained from NR-PBCH DMRS only for neighbor cell. On the other hand, at above 6GHz frequency range, since 64 SS/PBCH block indices are separately indicated via PBCH-DMRS and PBCH contents, UE needs to decode PBCH of neighbor cell. However, it brings additional complexity of decoding of neighbor cell NR-PBCH. Also, since decoding performance of PBCH is worse than detection performance using PBCH-DMRS, it is hard to find the reason that UE tries to directly decode of PBCH of neighbor cell for obtaining SS/PBCH block index.
Instead of decoding the PBCH of neighbor cell, we can consider that serving cell provides a configuration regarding SS/PBCH block index for neighbour cell. For example, serving cell can provide configuration of MSB 3bits of SS/PBCH block index for target neighbour cell. Then, UE may try to detect LSB 3bit of SS/PBCH block index for that cell using PBCH-DMRS. After then, by combining of two kinds of bits for SS/PBCH block index, UE can obtain SS/PBCH block index for target neighbour cell. 
Proposal 2: Instead of decoding the PBCH of neighbor cell, serving cell provides a configuration regarding SS/PBCH block index for neighbour cell. MSB 3bits of SS/PBCH block index for target neighbour cell could be provided.

NR-PBCH Scrambling
In this subsection, we discuss about the type of NR-PBCH scrambling sequence and initialization for sequence. So far, we did not discuss about the PN sequence type for NR. Nevertheless, we can consider to reuse the length-31 Gold sequence defined for LTE system. Especially, if a critical problem is not brought by using LTE type of scrambling sequence as NR-PBCH scrambling sequence, it seems natural for using LTE type of scrambling sequence as NR-PBCH scrambling sequence. 
Also, the scrambling sequence can be initialized by at least Cell-ID. In addition, 3bits of SS/PBCH block index indicated by PBCH-DMRS could be used for initialization of scrambling sequence. Also, if it is allowed that half radio frame interval indication is indicated by PBCH-DMRS (or other signal), the time indication can be considered for seed valued of initialization. 
Proposal 3: LTE PN sequence (i.e. length-31 Gold sequence) can be introduce as PN sequence for NR system. Also, LTE PN sequence can be used for NR-PBCH scrambling. 
Proposal 4: The scrambling sequence is initialized by at least Cell-ID. In addition, [MSB] 3bits of SS/PBCH block index and/or half radio frame interval indication (if indicated by PBCH-DMRS) could be considered for initialization of scrambling sequence. 

DMRS Sequence Generation
In RAN1 NRAH#2 meeting, DMRS density and DMRS subcarrier interval were agreed. In this meeting, the number of hypothesis of DMRS sequence, modulation type, DMRS sequence generation, and DMRS RE mapping will be finalized. 
From the agreement of RAN1 #89 and RAN1 NRAH#2, NR-PBCH DMRS must be scrambled by Cell ID (1008 state) and SS/PBCH block time index. There is working assumption for 3 bits of SS block index. In this contribution, we provided evaluation result of the detection performance according to the number of hypothesis of DMRS sequence. From the evaluation result, the detection performance of 3 bits information seems appropriate for the number of hypothesis of DMRS sequence. Also, 4~5bits information shows little performance loss, but those performance are also acceptable. Therefore, the sequence can be initialized by cell-ID, SS block time index within SS burst set, and half frame boundary. The detail initialization method is as follows:
	


 
, where   is the index for SS/PBCH block within SS/PBCH block group,  is the cell identification, and HF is the index {0, 1} for half frame indication.



Proposal 5: Current working assumption regarding bit size of SS block index (i.e. 3bits) should be confirmed.
Proposal 6: The sequence for NR-PBCH DMRS should be scrambled by Cell-ID (1008 states) and SS/PBCH block time index (8 states). In addition, when information such as half radio frame interval indication is additionally indicated by PBCH-DMRS, the time indication should be included in the seed values for sequence initialization. 
· 


, where   is the index for SS/PBCH block within SS/PBCH block group,  is the cell identification, and HF is the index {0, 1} for half frame indication.

NR-PBCH DMRS sequence can be generated based on LTE DMRS sequence which is length-31 Gold sequence. Or, NR-PBCH DMRS could be generated base on short sequence which is length-7/8 Gold sequence. From the evaluation result, the detection performance of both are similar. Because the performance is similar, using length-31 Gold sequence like LTE DMRS makes sense. If longer sequence is needed for above 6GHz frequency range, more than 31 length Gold sequence can be considered.
Proposal 7: NR-PBCH DMRS can be generated by using length-31 Gold sequence like LTE DMRS. 

Also, modulation type should be decided for DMRS sequence generation. In this contribution, we compared BPSK and QPSK. From the evaluation result, the detection performance of both are similar, but the correlation property of QPSK is better than that of BPSK. Therefore, QPSK is more proper modulation type for DMRS sequence generation.
Proposal 8: QPSK is more proper modulation type for DMRS sequence generation.

NR-PBCH DMRS Pattern design
In addition, regarding on frequency position of DMRS, there are two kind of DMRS RE mapping. Fixed RE mapping means RS mapping in frequency domain is fixed, and variable RE mapping (Vshift) means RS position can be shifted according to Cell ID. The effect of variable RE mapping (Vshift) can randomize interference, so additional performance gain could be obtained. In this contribution, we provided evaluation result of the detection performance according to of DMRS RE mapping. From the evaluation result, the detection performance of variable RE mapping is better than the performance of fixed RE mapping. The detail of variable RE mapping is as follows:
	
complex-valued modulation symbols  , where k and l represent subcarrier and OFDM symbol index within a SS/PBCH block, in a half frame according to:




Proposal 9: For frequency position of DMRS, frequency domain shift according to cell-ID should be used. 
· 

 or 

Also, RS power boosting can be considered for the performance enhancement. If both Vshift and RS power boosting is used, the interference from interfering TRPs would decrease. The evaluation result also shows the detection performance gain of RS power boosting. In this evaluation, the ratio of PDSCH EPRE to Reference signal EPRE is -1.25dB
Proposal 10: For decreasing the interference from interfering TRPS, both Vshift and RS power boosting should be used for NR-PBCH DMRS. Also, the ratio of PDSCH EPRE to Reference signal EPRE is -1.25dB.

Performance Evaluation
In section, we provide detection performance of SS block index according to the number of hypothesis for DMRS sequence, modulation type, sequence generation, and DMRS RE mapping. In these evaluations, we assume that two OFDM symbols with 24 RBs are used for NR-PBCH transmission. Also, it is assumed that multiple periodicity of SS burst set (i.e. 10, 20, 40ms) is assumed, and encoded bits are transmitted within 80ms. Detailed simulation assumptions are described in Appendix A.
The number of hypothesis for DMRS Sequence
In this subsection, we provide evaluation result according to the number of hypothesis for DMRS sequence. In this evaluation, 432 REs for information and 144 REs for DMRS are used within two OFDM symbols and 24 RBs. Also, we assume that DMRS sequence is based on long sequence and QPSK is used.

Figure 2. Evaluation results according to the number of bits for SS block index
In Figure 2, we can observe that the detection performance of 3~5bits can provide 1% error rate at -6dB SNR if 2 times accumulation is performed. Therefore, 3~5bits information can be used for the number of hypothesis for DMRS sequence from the perspective of detection performance.
Observation 1: 3~5bits information seems to be appropriate for the hypothesis for DMRS sequence from the perspective of detection performance.

Modulation Type
In this subsection, we provide evaluation result according to the modulation type. BPSK and QPSK were compared in this evaluation. Also, we assume that the hypothesis for DMRS is 3 bits, DMRS sequence is based on long sequence, and the power level of the interfering TRP is same as serving TRP. The results are shown in Figure 3:

(a) No Interferer

(b) One Interferer
Figure 3. Evaluation results according to the Modulation Type
 From Figure 3, both performance of BPSK and QPSK are similar. So, any modulation can be possible for DMRS sequence from performance perspective. However, each correlation properties shows difference as shown in Figure 4. 


Figure 4. Correlation property of BPSK and QPSK
As shown in Figure 4, BPSK is more distributed in the region which is over the correlation amplitude 0.1 than QPSK. For this reason, using QPSK as modulation type for DMRS has advantage when multi cell environment is considered. From the view of correlation property, QPSK looks more proper modulation type for DMRS sequence. 
Observation 2: Both detection performance of BPSK and QPSK are similar, but QPSK is less distributed in the region which is over the correlation amplitude 0.1 than BPSK. Therefore, QPSK’s correlation property can be better than that of BPSK when multi cell environment is considered.

Sequence generation for PBCH DMRS
In this subsection, we provide evaluation result according to the DMRS sequence generation. DMRS sequence can be generated based on long sequence (Polynomial order > 30) or short sequence (Polynomial order <= 8). Generation based on long sequence and short sequence were compared in this evaluation. Also, we assume that the hypothesis for DMRS is 3 bits and the power level of the interfering TRP is same as serving TRP. The results are shown in Figure 5:

(a) No Interferer

(b) One Interferer
Figure 5. Evaluation results according to Sequence generation
  From Figure 5, the detection performance of short sequence based generation is similar to the performance of long sequence based generation.
Observation 3: The detection performance of short sequence based generation and long sequence based generation are similar.
	
DMRS RE mapping
Besides the above subsection, we provide evaluation result according to the DMRS RE mapping. There are two alternatives for DMRS RE mapping. One is fixed RE mapping, and the other is variable RE mapping (Vshift) according to Cell ID. Also, we assume that the hypothesis for DMRS is 3 bits, DMRS sequence is based on long sequence, and the power level of the interfering TRP is same as serving TRP (one interferer exists). The results are shown in Figure 6: 

Figure 6. Evaluation results according to Vshift
If variable RE mapping is used for DMRS mapping, the effect of randomization of interference can be obtained. Therefore, the detection performance of variable RE mapping is better than the performance of fixed RE mapping as shown in Figure 6. 
Observation 4: The detection performance of variable RE mapping is better than the performance of fixed RE mapping.
In addition to variable RE mapping, we propose RS power boosting. In this evaluation, we assume that the transmit power of RE for DMRS is about 1.76 dB higher than that of RE for PBCH data. The results are shown in Figure 7: 


Figure 7. Evaluation results according to RS Power boost
Interference from other cell decrease if both variable RE mapping and DMRS power boosting are used. From Figure 7, it is observed that the performance of applying RS power boosting has 2~3dB gain than that of no RS power boosting. 
 On the other hand, RS power boosting makes transmit power of RE for PBCH data weak. So, RS power boosting could affect the performance of PBCH. In this reason, the performance of PBCH for both cases with and without RS power boosting was evaluated. In this evaluation, 40ms periodicity of SS burst set is assumed and encoded bits are transmitted within 80ms. The results are shown in Figure 8: 

(a) No Interferer

(b) One Interferer
Figure 8. PBCH FER Performance
When transmit power of RE for PBCH data decrease, the performance loss could be possible. However, channel estimation performance is improved due to RS power boosting, so it could be improve demodulation performance. As shown in Figure 8, the performance of both cases is almost same. Therefore, the effect of transmit power loss of RE for PBCH data can be supplemented by the gain of channel estimation performance. 
Observation 5: The performance of applying RS power boosting has 2~3dB gain than that of no RS power boosting. Also, the performance of PBCH with RS power boosting is similar to the performance of PBCH without RS power boosting because of better channel estimation performance.

2. Conclusion
In this contribution, we discussed on time indication mechanism and NR-PBCH DM-RS design. As a conclusion, we summarize observations and proposals as following:
Observation 1: 3~5bits information seems to be appropriate for the hypothesis for DMRS sequence from the perspective of detection performance.
Observation 2: Both detection performance of BPSK and QPSK are similar, but QPSK is less distributed in the region which is over the correlation amplitude 0.1 than BPSK. Therefore, QPSK’s correlation property can be better than that of BPSK when multi cell environment is considered.
Observation 3: The detection performance of short sequence based generation and long sequence based generation are similar.
Observation 4: The detection performance of variable RE mapping is better than the performance of fixed RE mapping.
Observation 5: The performance of applying RS power boosting has 2~3dB gain than that of no RS power boosting. Also, the performance of PBCH with RS power boosting is similar to the performance of PBCH without RS power boosting because of better channel estimation performance.
Proposal 1: For indication of the time index, PBCH contents, PBCH scrambling, PBCH DMRS should be used. The detail of indication method is as follows:
· SFN: 10bits = MSB 7bits (PBCH contents) + LSB 3bits (PBCH scrambling)
· Half radio frame boundary: 1bit (PBCH DMRS)
· SS/PBCH block index: 6bits = MSB 3bits (PBCH contents) + LSB 3bits (PBCH DMRS)
Proposal 2: Instead of decoding the PBCH of neighbor cell, serving cell provides a configuration regarding SS/PBCH block index for neighbour cell. MSB 3bits of SS/PBCH block index for target neighbour cell could be provided.
Proposal 3: LTE PN sequence (i.e. length-31 Gold sequence) can be introduce as PN sequence for NR system. Also, LTE PN sequence can be used for NR-PBCH scrambling. 
Proposal 4: The scrambling sequence is initialized by at least Cell-ID. In addition, [MSB] 3bits of SS/PBCH block index and/or half radio frame interval indication (if indicated by PBCH-DMRS) could be considered for initialization of scrambling sequence.
Proposal 5: Current working assumption regarding bit size of SS block index (i.e. 3bits) should be confirmed.
Proposal 6: The sequence for NR-PBCH DMRS should be scrambled by Cell-ID (1008 states) and SS/PBCH block time index (8 states). In addition, when information such as half radio frame interval indication is additionally indicated by PBCH-DMRS, the time indication should be included in the seed values for sequence initialization. 
· 


, where   is the index for SS/PBCH block within SS/PBCH block group,  is the cell identification, and HF is the index {0, 1} for half frame indication.
Proposal 7: NR-PBCH DMRS can be generated by using length-31 Gold sequence like LTE DMRS.
Proposal 8: QPSK is more proper modulation type for DMRS sequence generation.
Proposal 9: For frequency position of DMRS, frequency domain shift according to cell-ID should be used. 
· 

 or 
Proposal 10: For decreasing the interference from interfering TRPS, both Vshift and RS power boosting should be used for NR-PBCH DMRS. Also, the ratio of PDSCH EPRE to Reference signal EPRE is -1.25dB.

3. Reference
RAN1 #89 Chairman’s Notes
RAN1 NRAH#2 Chairman’s Notes


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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