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1. Introduction
At last RAN1#88bis meeting [1], the following agreements related to SS block time index have been made:
Agreements:
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]

· The way the value of L is reflected in specification is FFS

· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

· Possibility of having unified frequency agnostic signaling design is not precluded

In this contribution, we discuss SS block time index indication design based on our companion contribution on DMRS design for NR-PBCH [2].
2. Discussion
2.1. DMRS pattern design for NR-PBCH
In our companion contribution [3], we provide candidate SS-block structure patterns for NR-PBCH DMRS design. And in another companion contribution [2], we recommend DMRS-pattern for NR-PBCH based on the evaluation results. Two columns DMRS pattern not only shows good performance, but also improves the robustness against the high Doppler and CFO for high speed scenarios.
The proposed candidate DMRS patterns are listed below:

[image: image1.emf]NR-

PBCH-RE

NR-

PBCH-RS

NR-PSS 

symbol 

NR-SSS 

symbol 

12

 

subcarriers

14 OFDM Symbols

  [image: image2.emf]PBCH-REPBCH-RS

NR-PSS 

symbol 

NR-SSS 

symbol 

12

 

subcarriers

14 OFDM Symbols


Figure 1: Candidate NR-PBCH DMRS patterns
2.2. Indication of SS block time index
According to previous RAN1 discussions, there are following possible mechanisms to indicate the SS block time index: 
· Implicit indication by PBCH

· Explicit indication by PBCH

· Indication by an additional SS, if such an additional SS is introduced

· Indication by NR-SS

· Note that this does not preclude other mechanisms

From RAN1#88bis meeting agreement, NR-PBCH is recommended as the indication of SS block time index, unless some problems on mobility and HO related requirements have been found. Further, both implicit and explicit indication mechanisms by PBCH are valid mechanisms based on the current agreement.
Based on two columns DMRS pattern in section 2.1, we propose PBCH DMRS Phase Rotation mechanism to indicate SS block time index, and the detailed procedure for this mechanism is listed below: 
· Step 1: Fix the first column NR-PBCH DMRS as a reference of phase

· Step 2: Equally divide SS-block  into 
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· Step 3: For each group, independently introduce a predefined phase rotation to the second column NR-PBCH DMRS comparing with the first column NR-PBCH DMRS
· 
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 denotes the second column NR-PBCH DMRS, 
[image: image9.wmf]j

 denotes the predefined phase rotation
· Design principle: Using different phase from different PBCH DMRS symbols to carry indication information, such as indicating SS block time index; UE derives the indication information by calculating the phase difference between 2 NR-PBCH DMRS symbols from all groups. The parameters are defined as follows:
· 
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· 
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· e.g.: divide SS-block into 
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Figure 2: PBCH DMRS Phase Rotation
2.3. Simulation results
In this section, we provide some LLS simulation results to evaluate PBCH DMRS Phase Rotation mechanism performance. NR-PBCH performance results with/without DMRS Phase Rotation are provided, in addition, indication information detection performance is also provided.
The simulation assumptions are given as follows:
	Parameters
	Values or Assumptions 

	Carrier Frequency 
	4GHz;

	SS-block Bandwidth
	24 PRBs (288 subcarriers)

	Subcarrier spacing
	15kHz

	Channel model
	TDL-A  delay spread=100ns; 

Low correlation

	UE speed
	3km/h

	gNB antenna number
	2

	UE antenna number
	2

	NR-PBCH payload size
	64, 80bits

	PBCH repetition
	No repetition

	Modulation 
	QPSK

	Channel coding
	TBCC

	Transmission scheme
	1-port Precoding Cycling

	Precoding Cycling
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W=1 bits :{M=12, N=2, R=12}, {M=8, N =3, R=8}

W=2 bits :{M=12, N=2, R=6}, {M=8, N =2, R=4}

W=3 bits :{M=12, N=2, R=4}, {M=6, N =4, R=2}

	Channel estimation 
	MMSE2D, PRB bundling size = N


The performance curves of NR-PBCH with and without DMRS phase rotation are given as follows:
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Figure 3: TDL-A PBCH payload=64 bits w/ 1 bit indication                 Figure 4: TDL-A PBCH payload=80 bits w/ 1 bit indication
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Figure 5: TDL-A PBCH payload=64 bits w/ 2 bits indication              Figure 6: TDL-A PBCH payload=80 bits w/ 2 bits indication
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Figure 7: TDL-A PBCH payload=64 bits w/ 3 bits indication              Figure 8: TDL-A PBCH payload=80 bits w/ 3 bits indication
From the NR-PBCH performance results with and without DMRS phase rotation, we have the following observations:

Observations:

1. DMRS phase rotation brings little PBCH performance loss compared with the performance without DMRS phase rotation.
2. With the increment of number of bits carried by DMRS phase rotation, the performance loss will be a bit greater; however, the performance loss is less than 0.5dB.
3. With the larger PRB bundling size, the better PBCH performance can be achieved.
4. In summary, NR-PBCH performance is acceptable with DMRS Phase Rotation mechanism.

The indication information detection performances are provided in Figure 9~11 as below:
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Figure 9: TDL-A 1 bits indication performance
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Figure 10: TDL-A 2 bits indication performance
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Figure 11: TDL-A 3 bits indication performance
From indication information detection performances together with NR-PBCH performance results, we have further observations as below.
Observations:

1. The required SNR at 1% BLER of the indication bits is much lower than that of the PBCH performance.
2. The performance will degrade with the increment of number of bits carried by DMRS phase rotation.
3. With the larger PRB bundling size, the better indication information detection performance can be achieved.

Based on the simulation results and observations, we have some general considerations on PBCH DMRS Phase Rotation mechanism:
· PBCH DMRS Phase Rotation is a promising solution to indicate SS block time index, especially for frequency range below 6 GHz scenario, which only needs 3 bits to indicate 8 SS blocks within SS burst set.
· Some additional attractive advantages for DMRS Phase Rotation mechanism:

· If using DMRS Phase Rotation to indicate SS block time index, NR-PBCH is possible to be same from different beam and from different TRPs within one cell, so transparent SFN combing is possible from UE side.
· UE is not required to decode PBCH during handover, which is benefit for UE power saving; in addition, from RAN2 perspective, decoding PBCH will increase the handover failure rate because the reception of handover command will be delayed due to the interruption.
· With DMRS Phase Rotation mechanism,  not only SS block time index can be indicated, but also other important and necessary system information can be indicated before PBCH decoding, such as to identify SA&NSA during initial access [4]; jointly combining DMRS Phase Rotation mechanism with other schemes is possible to indicate large size of system information.

· Refinement on DMRS Phase Rotation mechanism and evaluation on indicate more information bits need further study.
· UE detection complexity for DMRS Phase Rotation is very simple in implementation, which is quite similar with that of LTE PUCCH format 2a and 2b.
Proposal: NR-PBCH DMRS Phase Rotation mechanism is supported to indicate SS block time index; other usage for PBCH DMRS Phase Rotation or refinement can be further investigated.
3. Conclusion

In this contribution, we discuss and evaluate NR-PBCH DMRS Phase Rotation mechanism to indicate SS block time index with the following proposal:
Proposal: NR-PBCH DMRS Phase Rotation mechanism is supported to indicate SS block time index; other usage for PBCH DMRS Phase Rotation or refinement can be further investigated.
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