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Introduction
RAN1 made the following agreements in RAN1#89 meeting.
	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:
· Down select from following alternatives based on further evaluation/analysis in the next meeting
· Alt. 1: 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
· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block
· Other Alternatives are not precluded
· Note that all proponents need to provide their own proposal until 26th May
· For evaluation purposes, followings should be considered
· Channel coding 
· Rate matching 
· Accuracy of CFO estimation
· DMRS RE mapping
· Channel estimation performance
· NR-PBCH one to four shot(s) performance within 80 msec
· Complexity of NR-PSS/SSS/NR-PBCH decoding and mobility measurement
· Reliability of time index
· All proponents need to provide followings until 2nd June to achieve further evaluation/analysis – Asbjorn (Ericsson)
· NR-PBCH RE mapping
· SS-block composition
· SS-block time index indication
· SFN indication
· DMRS RE mapping
· PBCH payload size
· PBCH channel coding scheme (all proponents need to follow the latest agreements/WAs in channel coding session) 
· Note that all decisions of channel coding scheme should be done in channel coding session/agenda
· Receiver algorithms


In this contribution, we provide views on SS block time index indication.
Discussion on Time Index Indication mechanism
Two alternatives can be considered to indicate the time index by NR-PBCH. Comparison of these mechanisms is shown in Table 1.
· Alt. 1: NR-MIB (explicit indication)
This alternative is an explicit indication mechanism. Time index is conveyed by information bits in NR-MIB. As the maximum number of SS blocks within an SS burst set is 64 for the frequency range from 6 GHz to 52.6 GHz and the default periodicity of the SS burst set is 20 msec, up to 6 information bits are needed to carry the SS block time index in NR-MIB. In other words, channel coding gain of NR-PBCH would be decreased due to the larger payload size so that the NR-PBCH coverage would also be decreased compared to other indication mechanisms. In addition, considering the need to support NR-PBCH soft-combining, this alternative is undesirable due to different contents among SS blocks. To support NR-PBCH soft-combining in this alternative, additional blind decoding will be required.
· Alt. 2: DMRS sequence of NR-PBCH (implicit indication)
In this alternative, the time index is associated with the sequence of the RSs used for demodulation of NR-PBCH and the UE tries to detect the particular sequence using correlation means. By detection of this sequence, the UE can know the time index corresponding to this sequence. Since NR-PBCH-DMRS sequence can be detected before decoding NR-PBCH, the UE is not required to decode NR-PBCH from neighbor cells when neighbor cell measurements are performed. In addition, this mechanism brings some advantage in terms of reducing payload size and the supportability of NR-PBCH soft-combining.


Table 1. Comparison of time index indication mechanism
	
	Alt. 1 (Explicit indication)
	Alt. 2 (Implicit indication based on NR-PBCH-DMRS)

	Detection reliability
	High
	High

	Detection complexity
	No complexity
	Low complexity

	Supportability of NR-PBCH combining
	Additional complexity is required.
	Easy

	Impact on NR-MIB payload size
	Information bits are needed in NR-MIB
	No impact

	Necessity of NR-PBCH decoding
	Yes
	No


From the above discussion, explicit indication should be excluded from the point of view of the complexity required to achieve good NR-PBCH coverage and the requirement not to decode NR-PBCH in the process of performing a neighbour cell measurement. Especially, regarding the decoding of NR-PBCH when performing a neighbour cell measurement, RAN2 argued in [3] that “the UE should be able to perform beam/cell measurement and identification quickly and reliably with minimal need for measurement gaps”. Since the decoding of NR-PBCH can take a lot of time, implicit indication without NR-PBCH decoding is preferable.
Observation 1: Decoding of NR-PBCH should be avoided as much as possible when performing neighbor cell measurement and cell handover.
Evaluation on Time Index Indication
In this evaluation, we assumed two types of SS block composition and NR-PBCH-DMRS mapping patterns shown in Fig.1. As for (a) in figure 1, the mapping order of SS block is PSS-SSS-PBCH-PBCH, while that is PSS-PBCH-SSS-PBCH for (b) in figure 1. NR-PBCH-DMRS is mapped on non-NR-SSS overlapping subcarriers using 1/3 density. For (a) in figure 1, additional NR-PBCH-DMRS are mapped only on the second OFDM symbol and on NR-SSS overlapping subcarriers using 1/6 density. In addition, in order to alleviate inter-cell interference, NR-PBCH-DMRS RE can be shifted in frequency domain according to cell ID as in LTE CRS.
To enable coherent detection of NR-PBCH-DMRS sequence indicating SS block time index, we assume two types of NR-PBCH-DMRS sequence. One NR-PBCH-DMRS sequence is generated by using cell ID (which is mapped on REs highlighted as green in figure 1). Another NR-PBCH-DMRS sequence is generated by using cell ID and time index (which is mapped on REs highlighted as yellow in figure 1). Firstly, the UE estimates the channel using NR-SSS and the NR-PBCH-DMRS whose sequence is generated by cell ID. Then, by using this estimated channel, the time index is blindly detected from remaining NR-PBCH-DMRSs. After UE detects time index in this SS block, UE attempts to decode NR-PBCH within this SS block using all NR-PBCH-DMRSs. 


Figure 1. SS block composition and NR-PBCH-DMRS mapping pattern.

For explicit indication, UE cannot acquire time index without successfully decoding NR-PBCH, while misdetection of NR-PBCH-DMRS sequence directly impacts on false detection rate of time index for implicit indication. Hence, we evaluated the reliability of time index detection by a comparison of false detection rate (FDR) of time index when using implicit indication and BLER on NR-PBCH when using explicit indication.
These evaluation results are shown in figure 2. The left hand figure assumes the use of SS block composition pattern 1, while the right hand figure assumes the use of  SS block composition pattern 2. In both figures, the false detection rate of the time index, which is sent as one of  64 kinds of DMRS sequence, is always better than the NR-PBCH BLER, where NR-PBCH explicitly indicates the 6 bits time index. Moreover, BLER on NR-PBCH after blind detection of NR-PBCH-DMRS sequence achieves almost the same performance as that of NR-PBCH using explicit indication. Implicit indication contributes to reducing the NR-MIB payload size, although the channel estimation error due to mis-detection of the time index transfers to the channel estimation for decoding of NR-PBCH.
Observation 2: Detection performance of implicit indication based on NR-PBCH-DMRS sequence is always better than that of explicit indication.
[image: ]
(a) SS block composition pattern 1                (b) SS block composition pattern 2
Figure 2. Performance of BLER on NR-PBCH and false detection rate of time index

From the above discussion and evaluation, implicit time index indication mechanism based on NR-PBCH-DMRS sequence should be introduced in NR.
Proposal: Implicit time index indication mechanism based on NR-PBCH-DMRS sequence should be introduced.
Conclusion
In this contribution, we considered time index indication and proposed the following:
Observation 1: Decoding of NR-PBCH should be avoided as much as possible when performing neighbor cell measurement and cell handover.
Observation 2: Detection performance of implicit indication based on NR-PBCH-DMRS sequence is always better than one shot BLER of explicit indication.
Proposal: Implicit time index indication mechanism based on NR-PBCH-DMRS should be introduced.
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Annex A: Link-level simulation assumption for NR-PBCH
Table A: Simulation assumption for NR-PBCH
	Parameters
	Values

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15 kHz

	Channel model
	TDL-C

	Delay spread
	100 nsec

	Modulation
	QPSK

	Antenna configuration
	1 Tx & 1 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 subcarrier
	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
	48 bits (for implicit), and 54 bits (for explicit)

	The number of SS block within SS burst set
	64

	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, and
108 REs for SS block composition pattern 2

	NR-PBCH-DMRS sequence length for time index indication
	150 bits for SS block composition pattern 1, and
108 bits for SS block composition pattern 2
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