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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. 
In this contribution we discuss about SS block composition. RAN1#89 made the following related agreements [1]:
Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption 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

Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS

2	Discussion
As a starting point we consider that NR-PBCH DMRS could be used for finer CFO estimation accuracy and time-frequency tracking. Thus, as CFO estimate accuracy improves by increasing the distance in time domain between RSs used we consider that option 2 and option 3 are most feasible options. Correspondingly, we drop Option 1 and Option 4 in further analysis.
In the following analysis when comparing Option 2 and Option 3 we consider the following DMRS allocation strategies:
1) SSS + 2/12 DMRS overlapping with SSS in frequency + 4/12 DMRS in freq. non-overlapping with SSS
2) SSS + 2/12 DMRS
3) SSS + 4/12 DMRS
4) SSS + 2/12 DMRS only in frequency domain non-overlapping with SSS
5) SSS + 4/12 DMRS only in frequency domain non-overlapping with SSS
6) DMRS 2/12
7) DMRS 4/12

In the analysis we look at demodulation performance as well as CFO estimation capability.
2.1 	Demodulation performance
In Figure 1 we look at demodulation performance under one-shot detection in highly frequency selective channel using Option 2. 
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Figure 1 One-shot NR-PBCH detection performance of Option 2.
[image: ]
Figure 2 One-shot NR-PBCH detection performance of Option 3. 

Observation: Option 2 and Option 3 provide similar detection performance under high velocity and frequency selective channel.

2.2	CFO estimation
Here we look at CFO estimate by using the same seven DMRS strategies when using Option 2 and Option 3. We consider two combining cases: 1) one shot and 2) combining over 8 transmissions (SS burst set periodicity 10 ms). Figure 3 illustrates the std of frequency error for one shot case using Option 2 and Figure 4 the std of frequency error for one shot using Option 3, respectively. Corresponding illustrations in case of using 8 transmissions for CFO estimate for Option 2 and Option 3 are depicted in Figure 5 and Figure 6, respectively.
It can be observed that Option 3 where distance between DMRSs is larger provides lower std of frequency error. Also, DMRS density 4/12 in all PRBs in each PBCH symbol provides clearly the best performance irrespective of the SS block composition option. In Table 1 we look at two operating points, -6 and 0 dB, and how large portion of the subcarrier spacing the std of frequency error is assuming the DMRS density 4/12 in all PRBs in each PBCH symbol. 
[bookmark: _Ref485284147]Table 1 Std of frequency error as a portion of the subcarrier spacing.
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Observation: Option 3 provides in general better accuracy for CFO estimate but difference e.g. at -6 and 0 dB operating points is rather small.
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[bookmark: _Ref485272574]Figure 3 Std of frequency error with one shot detection using Option 2.
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[bookmark: _Ref485283681]Figure 4 Std of frequency error with one shot detection using Option 3.
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[bookmark: _Ref485283776]Figure 5 Std of frequency error with eight transmissions using Option 2.
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[bookmark: _Ref485283784]Figure 6 Std of frequency error with eight transmissions using Option 3.
2.3	Discussion
As shown in 2.1 and 2.2 Option 2 and Option 3 provides in general similar NR-PBCH detection performance and CFO estimate accuracy. One potential design criteria for symbol arrangement could be UE RX beam training from SS blocks. Thus, NR-PBCH symbols together with DMRS could be located so that there is e.g. NR-SSS between the NR-PBCH symbols and the SS block could be as in Figure 7, i.e. Option 2. The UE could use NR-PSS and NR-SSS symbols for beam switching and NR-PBCH DMRS for beam measurements using different RX beam after it has detected the SS block. 
[image: ]
[bookmark: _Ref481661751]Figure 7 SS block symbol arrangement to support RX beam training from NR-PBCH DMRS.
Based on the analysis in 2.1 and 2.2 and discussion in this chapter we prefer Option 2 for SS block composition.
Proposal: SS block composition is as follows: PSS-PBCH-SSS-PBCH.

3	Conclusions 
In this contribution we discussed about SS block composition and made the following observations and proposals:
Observation: Option 2 and Option 3 provide similar detection performance under high velocity and frequency selective channel.
Observation: Option 3 provides in general better accuracy for CFO estimate but difference e.g. at -6 and 0 dB operating points is rather small.
Proposal: SS block composition is as follows: PSS-PBCH-SSS-PBCH.
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Appendix A Simulation parameters
	Parameter	
	Value

	Carrier frequency
	4 GHz

	Beam configuration
	Single-beam

	Transmission method
	Single-port precoder cycling (2Tx, time direction)

	Time domain allocation
	2 OFDM symbols

	Frequency domain allocation
	24 PRBs

	Sub-carrier spacing
	15 kHz

	Channel model
	TDL-C-1000ns

	UE speed
	120 kmph

	Channel coding
	Polar code

	Payload size
	48 bits (32 data bits + 16 CRC bits)

	Channel estimation
	Concatenated freq and time 1D Wiener filter

	SNR estimation
	Realistic, based on DMRS for NR-PBCH

	Receiver algorithm
	2 RX MRC

	CFO
	600 Hz

	Soft-combining
	Not used (one-shot detection)
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Payload=48Bits, TDL-C-1000ns, CFO=600Hz, 120kmph, Polar code, PBCH|SSS|PBCH

 

 

one shot, SSS + DMRS 2/12 mid + DMRS 4/12 edge

one shot, SSS + DMRS full 2/12

one shot, SSS + DMRS full 4/12

one shot, SSS + DMRS 2/12 only edge

one shot, SSS + DMRS 4/12 only edge

one shot, DMRS only 2/12

one shot, DMRS only 4/12
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Payload=48Bits, TDL-C-1000ns, CFO=600Hz, 120kmph, Polar code, PBCH|PSS|SSS|PBCH

 

 

one shot, SSS + DMRS 2/12 mid + DMRS 4/12 edge

one shot, SSS + DMRS full 2/12

one shot, SSS + DMRS full 4/12

one shot, SSS + DMRS 2/12 only edge

one shot, SSS + DMRS 4/12 only edge

one shot, DMRS only 2/12

one shot, DMRS only 4/12
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Payload=48Bits, TDL-C-1000ns, CFO=600Hz, 120kmph, Polar code, PBCH|SSS|PBCH

 

 

8 subframe avg, SSS + DMRS 2/12 mid + DMRS 4/12 edge

8 subframe avg, SSS + DMRS full 2/12

8 subframe avg, SSS + DMRS full 4/12

8 subframe avg, SSS + DMRS 2/12 only edge

8 subframe avg, SSS + DMRS 4/12 only edge

8 subframe avg, DMRS only 2/12

8 subframe avg, DMRS only 4/12
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Payload=48Bits, TDL-C-1000ns, CFO=600Hz, 120kmph, Polar code, PBCH|PSS|SSS|PBCH

 

 

8 subframe avg, SSS + DMRS 2/12 mid + DMRS 4/12 edge

8 subframe avg, SSS + DMRS full 2/12

8 subframe avg, SSS + DMRS full 4/12

8 subframe avg, SSS + DMRS 2/12 only edge

8 subframe avg, SSS + DMRS 4/12 only edge

8 subframe avg, DMRS only 2/12

8 subframe avg, DMRS only 4/12
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