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1 Introduction
In RAN1#89 the issue of SS block composition (the ordering of the different types of OFDM symbols in each SS block) was discussed and the agreement was as follows [1]:
Agreements: 
For SS block composition, the following should be supported

· Confirm the WA that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.

· In case that number of PBCH symbols is two within a SS block,

· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS

· Down selection from above options should be done together with NR-PBCH design decision

In this contribution, we discuss, informed by simulation results, the issues that should be considered in selecting an appropriate SS block composition for NR.
2 Discussion
In RAN1#89, it was agreed that the NR-SSS and NR-PBCH would use the same number of antenna ports and transmission scheme. This allows the UE to use NR-SSS as channel estimation reference symbols for the decoding of NR-PBCH. 
Observation 1: NR-SSS can be a channel estimation reference only for those NR-PBCH PRBs that overlap with it.
Since NR-SSS and NR-PBCH are on separate OFDM symbols, for high speed reception, the proximity of the NR-PBCH symbols to the NR-SSS will determine the efficacy of using the NR-SSS for channel estimation for the overlapping NR-PBCH PRBs.
Observation 2: For high speed reception it is desirable for the NR-PBCH symbols to occur immediately next to the NR-SSS.
We argued in a previous contribution [2] that for NR-PBCH symbols immediately adjacent to NR-SSS, the overlapped PRBs of NR-PBCH do not necessarily require DMRS. The savings in PBCH-DMRS for such symbols maximize the resources available for carrying the minimum system information in the NR-PBCH. 
Observation 3: NR-PBCH symbols immediately adjacent to NR-SSS only require DMRS for channel estimation for PRBs not overlapped with NR-SSS.
3 Comparison of SS block compositions
Figures 1(a) and 1(b) illustrate two SS block compositions – PSS-SSS-PBCH-PBCH and PSS-PBCH-SSS-PBCH respectively. How do these compare based on the above observations? 

[image: image1]
Figure 1: SS block compositions with DMRS (a) PSS-SSS-PBCH-PBCH (b) PSS-PBCH-SSS-PBCH

In each composition, the PBCH-DMRS in the PRBs that do not overlap with the SSS have a density of 1:3 and are in two groups – the yellow group is used to carry a sequence that conveys the block time index whilst the green group of DMRS are modulated with a known Gold sequence. The different uses of the two groups are described in our other contribution [3]. Note the 1:6 density DMRS in the second PBCH symbol within overlapping PRBs. This is in contrast to the situation illustrated in Figure 2 in which there are no DMRS in the second PBCH symbol in the overlapped PRBs. The advantage of this latter arrangement is that it saves even more transmission resources that may be used in transmitting the NR-PBCH payload possibly at the expense of channel estimation efficacy especially at high speed.

Figure 2: PSS-SSS-PBCH-PBCH composition 
without DMRS in overlapped PRBs.
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Figure 3: PBCH one-shot decoding with (Pat1), without (Pat3) DMRS in overlapped PRBs.

Figure 3 plots evaluation results on one-shot decoding of a 54 bits PBCH in each case. The simulation conditions are tabulated in the Appendix. Since the PBCH payload is the same in both cases, the coding in the case of Figure 2 (Pat 3) results in a lower code rate than in Figure 1(a). Nevertheless, the performance is better in the case of Figure 1(a) (Pat 1) because of the better channel estimation arising from the additional DMRS in the overlapped region of the second PBCH symbol.

Observation 4: NR-PBCH symbols not immediately adjacent to NR-SSS benefit from DMRS in the PRBs overlapped with NR-SSS.

Given Observation 4, the composition in Figure 1(b) (Pat 2) is quite attractive for the following reasons:
· both PBCH symbols are immediately adjacent to the SSS and so can use the SSS for channel estimation in overlapped PRBs.
· Both PBCH symbols can save on DMRS in the overlapped PRBs thereby providing more REs for the PBCH payload.

However, for the non-overlapped PRBs, we wondered whether high speed channel estimation performance may be compromised by the limited time-interpolation performance since the two PBCH symbols are separated by the one SSS symbol.
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Figure 4: PBCH one-shot decoding comparison Pat 1 vrs Pat 2

Observation 5: Using the NR-SSS as a full-band reference symbol for demodulating both PBCH symbols mitigates the effects of channel sampling between the PBCH PRBs that do not overlap the NR-SSS.
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Figure 5: PBCH 4-shot decoding comparison Pat 1 vrs Pat 2

This effect of channel estimation is also confirmed in Figure 5 for 4-shot decoding. Note that 250km/h results for both compositions perform better than 3km/h because of the increased time-diversity over the 4-shots.

4 Conclusions
In this contribution, we have discussed the issues to be considered in the choice of SS block composition for NR. Simulation results have informed the following observations:
Observation 2: For high speed reception it is desirable for the NR-PBCH symbols to occur immediately next to the NR-SSS.
Observation 3: NR-PBCH symbols immediately adjacent to NR-SSS only require DMRS for channel estimation for PRBs not overlapped with NR-SSS.
Observation 4: NR-PBCH symbols not immediately adjacent to NR-SSS benefit from DMRS in the PRBs overlapped with NR-SSS.
Observation 5: Using the NR-SSS as a full-band reference symbol for demodulating both PBCH symbols mitigates the effects of channel sampling between the PBCH PRBs that do not overlap the NR-SSS.

The best composition for PBCH BLER under the simulated channel conditions is therefore PSS- PBCH- SSS-PBCH since it allows the use of NR-SSS as a full-band reference symbol for the demodulation of both PBCH symbols and maximizes the number of REs for use in carrying the PBCH payload. However, the composition PSS-SSS-PBCH-PBCH with low density DMRS inserted in the PRBs that overlap with the NR-SSS is best when considering the transmission of SS block timing or other information on the DMRS [3]. 
Proposal 1: Adopt PSS-SSS-PBCH-PBCH composition with variable density of DMRS over the NR-PBCH region overlapped by the NR-SSS if RAN1 decides to carry SS block time index via DMRS. If RAN1 decides that SS block time index is to be carried as PBCH payload, adopt the composition PSS-PBCH-SSS-PBCH since it maximizes PBCH capacity. 
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Appendix: Simulation Assumptions

	Parameters
	Values

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15 kHz

	Channel model
	TDL-C

	Delay spread
	100 nsec

	Modulation
	QPSK

	Antenna configuration
	1 Tx & 2 Rx

	UE speed
	3 km/h

	Channel coding
	1/3 TBCC

	Channel estimation
	Realistic channel estimation

	The number of interfering TRPs
	No interfering TRP

	The number of NR-SSS subcarriers
	127

	PBCH bandwidth
	288 subcarriers

	NR-PBCH OFDM symbol
	2 symbols

	NR-PBCH RE mapping
	NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block.
Mapping order: Frequency first

	NR-MIB payload size
	54 bits

	Sequence type of NR-PBCH-DMRS
	Length-31 Gold sequence (defined in LTE [3])

	The number of NR-PBCH-DMRS RE
	129 REs for SS block composition pattern 1,
108 REs for SS block composition pattern 2 and SS block composition pattern 3, 
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