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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 timing indication based on SS block. RAN1#89 made the following agreements [1]:
Agreements:
· Following contents are carried in NR-MIB
· (Part of) SFN: [7 - 10] bits
· At least 80 ms granularity
· FFS: indication within 80 ms
· [H-SFN: 10 bits]
· RAN1 will ask RAN2
· Timing information within radio frame: [0 - 7] bits
· E.g., SS block time index: [0 - 6] bits
· E.g., half radio frame timing: [0 - 1] bit
· …

2	Discussion
As discussed and observed in [2], NR-PBCH payload size should be minimized in order to reach the set one-shot detection target. Furthermore, as discussed in [2] reduction of NR-PBCH payload while remaining most of the content in SS block can be implemented e.g. signalling SS block index partly or fully using DMRS and NR-SSS. For instance, NR-SSS could indicate half radio frame timing (1 bit) and DMRS could carry part or fully the SS block time index (up to 6 bits). 
In general there are three options for SS block index indication:
1) NR-PBCH coding based indication
2) Using RSs of SS block like SSS and DMRS
3) Combination of 1) and 2)

We illustrate the performance of joint NR-PSS and NR-SSS detection in Figure 1. One can observe that increasing total signaling space from 1000 to 2000 does not have a performance impact. Thus, half-frame timing could be indicated in NR-SSS in performance wise but with the cost of increased UE complexity.

Observation: Increasing total NR-PSS+NR-SSS signaling space from 1000 to 2000 does not have a significant impact on detection performance.
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[bookmark: _Ref485298167]Figure 1 Joint PSS+SSS detection for an enlarged SSS set.
Then we look at detection performance of SS block location index detection from NR-PBCH DMRS. Simulation assumptions are provided in Appendix A. We consider different DMRS densities, specifically 2, 3 and 4 per PRB (4/12 our preference). Furthermore, performance in case of 32 and 64 hypothesis is evaluated. It’s to be noted that only DMRS REs within center 12 PRBs are used. This is the worst case analysis as the detection is not conditioned on a successful PSS and SSS detection, instead SS block index detection is performed in all channel states generated during simulation. Threshold was selected so that false alarm is below 1 %.
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Figure 2 NR-PBCH DMRS based SS block location index detection performance where N refers to number of hypothesis and D refers to DMRS density in PRB. Note! Only DMRS REs within center 12 PRBs. 

Observation: Detection performance for 32 and 64 hypothesis using 4/12 DMRS density is around -6 dB for both.
Observation: DMRS provides performance wise feasible signalling mechanism for SS block location index, even for full 6-bit index. 
Proposal: If NR-PBCH payload including CRC is about increase above around 48 bits consider part or full timing information within radio frame to be signalled otherwise than explicitly in NR-PBCH.
3	Conclusions 
In this contribution we discussed about SS block time index indication and made the following observations and proposals:
Observation: Increasing total NR-PSS+NR-SSS signaling space from 1000 to 2000 does not have an impact on performance. 
Observation: Detection performance for 32 and 64 hypothesis using 4/12 DMRS density is around -6 dB for both.
Observation: DMRS provides performance wise feasible signalling mechanism for SS block location index, even fully. 
Proposal: Part or full timing information is signalled otherwise than explicitly or implicitly within NR-PBCH.
Proposal: Half frame timing information via NR-SSS.
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Appendix A Simulation parameters

	Parameter	
	Value		

	Carrier frequency
	4 GHz

	PSS/SSS length
	127

	PSS/SSS period
	5 ms

	DMRS sequence type
	BPSK-modulated m-sequence, length 63, cyclically extended to desired DMRS sequence length

	Sub-carrier spacing
	15 kHz

	Channel model
	CDL-C 100 ns scaling, TDL-C 1000 ns scaling

	UE speed
	30 km/h

	PSS receiver algorithm
	Single-shot time-domain correlator with thresholding with options for piecewise processing 

	SSS receiver algorithm
	Single-shot non-coherent exhaustive search with thresholding

	Receiver algorithm
	Single-shot non-coherent frequency-domain correlator.

	False alarm probability
	< 1 %
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