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1. Introduction
In this contribution, we discuss on SS block time index indication and provide simulation result of detection performance.
2. Discussion
In RAN1#88bis meeting, it was agree that SS block Time index indication is delivered by NR-PBCH [1]. If the time index indication is contained at a part of NR-PBCH (e.g. contents, scrambling sequence, CRC, Redundancy Version, etc.), it has an advantage that indication is securely delivered to UE. However, it brings additional complexity of decoding of neighbor cell NR-PBCH. As discussed in the previous meeting, decoding of NR-PBCH for neighbor cell would be possible, but this cannot be mandated for system design. Also, we need to have further discussion which signal and channel is appropriate to deliver the SS block time index indication. 
In the target cell, the SS block time index information should be securely delivered to UE since the index will be used as the reference information of time resource designation for initial access related channel/signal  (e.g. system information delivery, PRACH preamble occasion, etc.). On the other hand, for the purpose of neighbor cell measurement, the time index is used for SS block level RSRP measurement. In this case, highly accurate acquisition performance may not be necessity. 
In this aspect, we propose that NR-PBCH DMRS is used as a signal to deliver SS block time index. Also, we propose that the time index indication indicated by NR-PBCH DMRS should be included at a part of NR-PBCH PBCH (e.g. scrambling sequence, Redundancy Version, etc.) for the purpose of confirmation. Using this solution, SS block time index can be detected from NR-PBCH DMRS, then the detected index can be confirmed by NR-PBCH decoding. And, for the neighbor cell measure, the index can be obtained from NR-PBCH DMRS for neighbor cell. In our companion contribution [2], we provide how to generate DMRS sequence and scrambling sequence for NR-PBCH.
Proposal 1: NR-PBCH DMRS should be used as a signal to indicate SS block time index. Also, the time index indicated by NR-PBCH DMRS should be included at a part of NR-PBCH (e.g. scrambling sequence, Redundancy Version, etc.) for the purpose of confirmation.
For time index indication, two alternatives was identified for the purpose of down-selection [3].

· Alt.1: Single index method (i.e. one time index for every SS-block within an SS-burst set)
· Alt.2: Multiple index method (i.e. combination of SS burst index and SS block index)
If single index method is supported, large number of bits is necessity to express the all possible number of SS blocks within SS burst set periodicity. For this case, DMRS sequence and scrambling sequence for NR-PBCH is preferable to indicate SS block indication.

On the other hand, if multiple index method is applied, the design flexibility for index indication could be provided. For example, both SS burst index and SS block index are included in single channel. Also, each index are separately transmitted via different channel/signal. For example, SS burst index is included in NR-PBCH (e.g. contents, scrambling sequence), and the SS block index is delivered by DMRS sequence for NR-PBCH.

In RAN1#89 meeting, maximum number of SS block within SS burst set according to carrier frequency range was agreed [4]. For frequency range up to 6GHz, maximum number of SS block is up to 8. Also, for frequency range from 6GHz to 52.6GHz, the number is 64. When we see that the required number of SS block indication is different according to carrier frequency range, it can be considered to introduce these methods according to carrier frequency range. For example, single index method is applied for below 6GHz, and multiple index method is used for above 6GHz.
Proposal 2: For SS block time index indication, two methods (i.e. single index indication method, multiple index indication method) are introduced. These methods are applied according to carrier frequency range. 

· Single index indication method (i.e. one time index for every SS-block within an SS-burst set) for below 6GHz frequency range
· Multiple index indication method (i.e. combination of SS burst index and SS block index) for above 6GHz frequency range
For below 6GHz frequency range, all of SS block time index are indicated by PBCH DMRS. In this case, up to 8 states should be identified by PBCH DMRS sequence. In addition, 5ms boundary could be indicated by PBCH DMRS sequence. In this case, total 16 states is necessity for DMRS based SS block time index indication and 5ms boundary indication. Then it is not necessity to define explicit bit in PBCH for SS block time index indication.
On the other hands, for above 6GHz frequency range, some part of SS block time index is indicated by PBCH DMRS, and remaining part of SS block time index indication is involved in explicit bit in PBCH contents. For example, we can assume that maximum 8 of SS block groups within SS burst set are identified, and maximum 8 of SS block are included in SS block group. In this case, explicit 3 bits for SS block group indication should be defined in PBCH contents, and SS block time index within SS block group can be obtained by PBCH DMRS sequence. Also, if NR can assume synchronous network for above 6GHz frequency range, it may be not necessity to decode PBCH in order to obtain SS burst index from PBCH contents.
In addition, 5ms slot boundary can be indicated by PBCH DMRS sequence. This approach provide a benefit of slot boundary detection for neighbour cell measurement. 

Proposal 3: SS block time index within SS burst set is indicated by PBCH DMRS sequence and/or explicit bit of PBCH contents. These methods are applied according to carrier frequency range. In addition, 5ms boundary is indicated by PBCH DMRS sequence.
· For below 6GHz frequency range, total 8 states of SS block time index within SS burst set are indicated by PBCH DMRS sequence. 
· For above 6GHz frequency range, total 8 states of SS block time index within SS block group is indicated by PBCH DMRS sequence, and total 8 states of SS block group within SS burst set is indicated by explicit 3 bits in PBCH contents.
3. Performance Evaluation
In this section, we provide evaluation result to compare the performance of SS block time index indication. For the evaluation, we consider two types method for SS block time index indication. (i.e. PBCH DMRS sequence, PBCH contents), we assume total 16 states of indication for SS block time index and 5ms slot bound. In this evaluation, it is assumed that single SS block within SS burst set is transmitted, and time domain precoder cycling is applied within PBCH TTI. Also, it is assumed that 192 REs is used for PBCH DMRS, and 64 bit of MIB bit size including CRC is applied. The evaluation assumptions are summarized in Table 1 in Appendix A. 
 [image: image1.emf]0.001

0.01

0.1

1

-10 -9 -8 -7 -6 -5 -4 -3 -2

Missing Probability

SNR(dB)

CDL-C 100ns, 3km/h, 4GHz, SCS 15kHz

One shot Det, Hypothesis 16

Accum 2times, Hypothesis 16

Accum 4times, Hypothesis 16


(a) CFO 10%

[image: image2.emf]0.001

0.01

0.1

1

-10 -9 -8 -7 -6 -5 -4 -3 -2

Missing Probability

SNR(dB)

CDL-C 100ns, 3km/h, 4GHz, SCS 15kHz

One shot Det, Hypothesis 16

Accum 2times, Hypothesis 16


(b) CFO 0%

Figure 1. Detection error rate of SS block time index indication at 4GHz frequency range
  The hypothesis for this evaluation is 16 because we assumed that 8 states of SS block index and 5ms boundary are to be represented in the PBCH DMRS. As shown in Figure 1, the detection performance of SS block time index using PBCH DMRS achieve the 0.2% at SNR -6dB when two times accumulations are performed. As observed in this evaluation, the method using PBCH DMRS seems appropriate for SS block time indication and 5ms boundary indication.
Observation 1: The detection performance of SS block time index using PBCH DMRS achieve the 0.2% at SNR -6dB when two times accumulations are performed. 
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Figure 2. Block error rate of PBCH at 4GHz frequency range
On the other hand, even though two times accumulations were performed, PBCH FER cannot achieve 1% at SNR -6dB as observed in Figure 2. Therefore, if SS block time index is defined in only PBCH contents, the detection performance of SS block time index could not be sufficient.
Observation 2: If SS block time index is defined in only PBCH contents, the two times accumulated detection performance of SS block time index cannot achieve the 1% at SNR -6dB.
4. Conclusion
In this contribution, we continue to discuss on SS block time index indication. As a conclusion of the discussion, we summarize observations and proposals as follow:
Observation 1: The detection performance of SS block time index using PBCH DMRS achieve the 0.2% at SNR -6dB when two times accumulations are performed. 
Observation 2: If SS block time index is defined in only PBCH contents, the two times accumulated detection performance of SS block time index cannot achieve the 1% at SNR -6dB.
Proposal 1: NR-PBCH DMRS should be used as a signal to indicate SS block time index. Also, the time index indicated by NR-PBCH DMRS should be included at a part of NR-PBCH (e.g. scrambling sequence, Redundancy Version, etc.) for the purpose of confirmation.
Proposal 2: For SS block time index indication, two methods (i.e. single index indication method, multiple index indication method) are introduced. These methods are applied according to carrier frequency range. 

· Single index indication method (i.e. one time index for every SS-block within an SS-burst set) for below 6GHz frequency range
· Multiple index indication method (i.e. combination of SS burst index and SS block index) for above 6GHz frequency range
Proposal 3: SS block time index is indicated by PBCH DMRS sequence and/or explicit bit of PBCH contents. These methods are applied according to carrier frequency range. In addition, 5ms boundary is indicated by PBCH DMRS sequence.
· For below 6GHz frequency range, total 8 states of SS block time index are indicated by PBCH DMRS sequence. 
· For above 6GHz frequency range, total 8 states of SS block time index within SS block group is indicated by PBCH DMRS sequence, and total 8 states of SS block group is indicated by explicit 3 bits in PBCH contents.
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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

	OFDM symbols in a slot
	14

	Slot duration
	1ms

	Antenna Configuration
	TRP: (1,1,2) with Omni-directional antenna element
UE: (1,1,2) with Omni-directional antenna element

	Residual Frequency Offset
	10% of subcarrier spacing

	SS burst set period
	20 ms

	Transmission scheme
	Time domain precoder cycling within PBCH TTI (80ms)

	PBCH DMRS
	192 REs 
Equally distributed pattern (Comb-3)

	PBCH payload size
	64bits

	PBCH DMRS sequence
	Gold sequence 


