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1. Introduction
At last RAN1#89 meeting, no further conclusion was made for SS block time index.
After RAN1#89 meeting, an email discussion [89-15] was kicked-off on details for NR-PBCH evaluations. Companies showed their views on SS-block time index indication, and in short there were four alternatives:

· Alt.1: Total explicit indication by NR-PBCH payload
· Alt.2: Implicit indication correlated to NR-PBCH encoding + explicit indication by NR-PBCH payload
· Alt.3: Implicit indication uncorrelated to NR-PBCH encoding + explicit indication by NR-PBCH payload
· Alt.4: Total implicit indication uncorrelated to NR-PBCH encoding
At last RAN2#98 meeting, SS block time index was comprehensively discussed with an agreed LS was send to RAN1 [1].

“……
From RAN2 point of view, the UE should be able to perform beam/cell measurement and identification quickly and reliably with minimal need for measurement gaps. Therefore, if there is considerable delay due to reading the time index from PBCH, RAN2 observes that this may impact handover performance and UE power consumption. RAN2 would like to ask RAN1 to consider the above information in RAN1 design.
……”
In this contribution, we further discuss SS block time index indication design from initial access and cell handover procedures and performance, together with UE power consumption.
2. Discussion
2.1. Phase Rotation Evaluation
In our last meeting contribution [2], we discuss and evaluate NR-PBCH DMRS Phase Rotation mechanism to indicate SS block time index with the following observations:
Previous Observations:

· Performance part:

· For small number of bit (2~3bit) carried by NR-PBCH DMRS Phase Rotation, the required SNR at 1% BLER of the indication bits is much lower (2~3db) than that of the PBCH performance.
· The performance will degrade with the increment of number of bits carried by DMRS phase rotation.
· With the larger PRB bundling size, the better indication information detection performance can be achieved.
· Some advantages for 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 2 or 3 bits to indicate the maximum SS blocks within one SS burst set.
· 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 mode during initial access [3]; jointly combining DMRS Phase Rotation mechanism with other schemes is possible to indicate large size of system information.

· 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.
During email discussion [89-15], another phase rotation scheme “phase relationship between the two NR-PBCH symbols” was proposed by Ericsson. In this section, we further evaluated these two types phase rotation schemes in term of indication bits performance by phase rotation and NR-PBCH performance.
The simulation assumptions are given as follows:

Table 1: Simulation Assumptions
	Parameters
	Values or Assumptions 

	Carrier Frequency 
	4GHz; 30GHz

	SS-block Bandwidth
	24 PRBs (288 subcarriers)

	Subcarrier spacing
	30kHz for 4GHz

120kHz for 30GHz

	Channel model
	TDL-A, low correlation for 4GHz

CDL-A for 30GHz

delay spread=100ns

	UE speed
	3km/h

	gNB antenna number
	4GHz: 2  

30GHz:

{M, N, P, Mg, Ng}={4,8,2,1,1}, HPBW=65°, BS Antenna Gain: 8dB

	UE antenna number
	4GHz: 2
30GHz:

{M, N, P, Mg, Ng}= {2,4,2,1,1}, HPBW=90°, UE Antenna Gain: 5dB

	Beam Search
	Omni-directional for 4GHz; 

Fixed Beam(to bore sight direction) for 30GHz

	Residual Frequency Offset
	TRP: +/- 0.05 ppm, UE: +/- 0.1ppm

	NR-PBCH payload size
	48bits

	NR-PBCH repetition
	1 & 4 times transmission in 80ms TTI

	DMRS pattern
	1/3 density, mapped on subcarriers with equal interval including the PSS/SSS subcarriers

	Phase Rotation Set for DMRS
	Bits:{00, 01, 11, 10} indicated by phase rotation set:{0, pi/2, pi, 3*pi/2}

	Modulation 
	QPSK

	Channel coding
	Polar

	Transmission scheme
	TD-PVS

	Precoding vector switching
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	PRG bundling size
	2

	Channel estimation 
	DFT-based noise suppression & MMSE2D


The performance curves of NR-PBCH with and without DMRS phase rotation are given as follows:
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Figure 1: TDL-A 4GHz -1 shot performance                                        Figure 2: TDL-A 4GHz-4 shot performance
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Figure 3: CDL-A 30GHz-1 shot performance                                       Figure 4: CDL-A 30GHz -4 shot performance
From the NR-PBCH performance results with and without DMRS phase rotation, we get the similar observations as previous observation:
Observations 1: DMRS phase rotation brings little PBCH performance loss compared with the performance without DMRS phase rotation.

According to Observation 1, it seems that the performance of the indication bits is promising. Obviously, the performance of the bits detected through the DMRS phase rotation is independent with the PBCH-RE mapping method.

If the indication bits are delivered through phase relationship between the two NR-PBCH symbols, the same PBCH symbols are mapped to the two PBCH symbols, which mean the phase difference of PBCH-REs of the two PBCH symbols can also be utilized to detect the indication bits together with the PBCH DMRS.

In figure 5 ~ 8, the performance of indication bits detected by phase rotation through DMRS and DMRS together with PBCH REs are also presented.
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Figure 5: TDL-A 4GHz phase bits BLER-1 shot performance               Figure 6: TDL-A 4GHz phase bits BLER-4 shot performance
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Figure 7: CDL-A 30GHz phase bits BLER-1 shot performance            Figure 8: CDL-A 30GHz phase bits BLER-4 shot performance
Observations 2: the required SNR at 1% BLER of the bits indicated by DMRS phase rotation is much lower than that of the PBCH performance, about 2~3db gap for both one shot and four shot cases,  in both low frequency band and high frequency band.
Although the phase difference of the PBCH REs of two OFDM symbols can also be utilized to detect the indication bits in theory, we have not observed obvious performance improvement in the figures above. In fact, DMRS is processed by DFT based noise suppression, MMSE wiener filter in both frequency direction and time direction in channel estimation stage, and noise is greatly suppressed. Therefore, it is more reliable to deliver the indication bits through DMRS compared with the PBCH symbols, especially in low SNR region. Therefore, there is no necessity to deliver the indication bits through phase difference of the PBCH symbols.
Observations 3: No clear difference is found between two phase rotation schemes, through DMRS and two NR-PBCH symbols; DMRS phase rotation is much more reliable, especially at low SNR region.
From simulation results and observations, we propose:
Proposal 1: NR-PBCH DMRS Phase Rotation should be adopted as one of techniques in NR to carry implicit information.
2.2. Indication of SS block time index
In this section, we discuss SS block time index indication design principles considering initial access and cell handover procedures together, together with UE power consumption.

For UE initial access procedure, as decoding NR-PBCH is one of necessary procedures for UE to access network, there is no strong motivation to introduce implicit methods for indication of SS block time index. If some part of SS block time index is indicated by implicit methods, its performance and error detection performance should be guaranteed, otherwise if time index is wrongly detected, UE may get the wrong time index (UE will derive the wrong frame boundary, slot index and OFDM symbol index) to perform the subsequent initial access, such as continue decoding NR-PBCH, searching and decoding NR-PDCCH which carries RMSI scheduling information. Such design would be detrimental to UE power consumption as well as increasing the probability of delay initial access time. 
Another important aspect is UE computation complexity and access latency during initial access procedure; UE computation complexity and access time should be comparable with LTE. So, additional remarkable UE complexity and latency should be avoided to get SS block time index indication. 
Thus, the following time index design principles for initial access procedures are proposed:
· SS block time index and NR-PBCH performance have higher priority than saving the number of bits by implicit methods;
· Error detection on SS block time index should be comparable with NR-PBCH error detection.
· Additional remarkable UE complexity and access latency should be avoided, comparing with LTE.
For cell handover procedures, based on RAN2 discussion [3] [4] [5] and RAN2 LS to RAN1 [1], if the UE is required to decode NR-PBCH for every measurement opportunity (i.e. SS block) to acquire the time index for every candidate neighbouring cells, the UE is expected to consume more power. In addition, potentially processing and buffering BCH information of all candidate neighbournig cells will increase UE burden and complexity, especially in case of multiple shots PBCH reception (4 times in 80ms NR-PBCH TTI), UE will be exhausted to perform inter-cell RRM measurement, and thus delay measurement reporting. In particular, if UE experiences constant mobility, e.g. in a car or a train, UE power may consume very fast. Further, for inter-frequency measurement, longer measurement gap period may be required.
Thus, the following time index design principles for cell handover procedures are proposed:

· Handover performance and UE power consumption should have higher priority based on RAN2 request.
· Imposing UE requirement to decode PBCH of target cell(s) for mobility RRM measurement during handover should be avoided.
· Try to follow RAN2 agreement on handover procedures and maximally align the design philosophy in LTE.
In RAN2 contribution [3], two different architectures of encoding time index indication in PBCH was presented. Here, we extend this expression to easily illustrate different alternatives on SS-block time index indication. Based on email discussion [89-15] so far, the following four alternatives are illustrated in Figure 9.

· Alt.1: Total explicit indication by NR-PBCH payload
· Alt.2: Implicit indication correlated to NR-PBCH encoding + explicit indication by NR-PBCH payload
· Alt.3: Implicit indication uncorrelated to NR-PBCH encoding + explicit indication by NR-PBCH payload
· Alt.4: Total implicit indication uncorrelated to NR-PBCH encoding
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Figure 9 different time index indication architectures
Jointly considering time index design principles for initial access and cell handover procedures, we evaluated the above four alternative time index architectures in Table 1.
Table 1: Evaluation on time index architectures
	
	Alt.1
	Alt.2
	Alt.3
	Alt.4

	Whether meet design principles for initial access?
	Yes.
	Yes.
	Potentially not OK.
· Error detection on implicit time index indication will be detrimental to initial access. 
	No.
· For high frequency with 64 time index, additional UE complexity is expected, and access time will be increased. 
· Probability of error detection may be increased.

	Whether meet design principles for cell handover?
	No.
· UE needs to decode PBCH to get time index.
	No.
· UE needs to decode PBCH to get time index.
	Potential OK. 
· Although UE only get partial time index information, no need to decode PBCH during handover. Further illustrated in section 2.3.
	· Not ideal for high frequency band, especially in terms of UE power consumption

	Recommendation
	No
	No
	Not ideal
	No


From the above evaluation, we have the following observations: 

Observation 4:

· Correlated to NR-PBCH encoding time indication methods are not recommended, as UE still needs to decode NR-PBCH, no matter partial implicit indication (Alt2.) or total explicit indication (Alt1.).
· Total implicit indication method is not recommended, as for high frequency with multi-beam index scenario, for both initial access and cell handover procedures, additional UE complexity and latency will be introduced. And the probability of error detection may be increased.
· Alt.3 seems to be a promising solution, while error detection issue needs to be fixed and whether partial time index is enough for inter cell handover.
· None of four alternatives is ideal for both initial access and cell handover procedures.

Based on the above observations and time index design principles, we propose alternative 5 which is a robust time index transmission to meet the requirements of both initial access and cell handover. 
Alternative 5: Partial implicit indication uncorrelated to NR-PBCH encoding + total explicit indication by NR-PBCH payload
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Figure 10: time index indication architecture for alternative 5
2.3. Further analyze on alternative 5
In this section, we analyze alternative 5 from three aspects in detail. 
For cell handover procedure: in table 1, it is mentioned that although UE only get partial time index information, no need to decode PBCH during handover.
In lower frequency bands, as the maximum number of SS blocks per SS burst set is limited, e.g. 4 or 8, the SS block time index can be fully informed implicitly by the PBCH DMRS. However, in higher frequency bands, as the maximum number of SS blocks can be large, i.e. up to 64, it is difficult to convey 6bits information implicitly by PBCH DMRS. Therefore it can be considered to transmit part of the time index information using PBCH DMRS. In one design, the MSB parts of the full time index information can be transmitted by PBCH DMRS. UE performing neighbor cell measurement can detect and measure on the SS blocks sharing the same MSB of the time index and the report the RSRP accordingly. The MSB of the time index can be obtained implicitly from the PBCH DMRS. Figure 11 shows an example, where the time index is 4bits long and the MSB 2bits are informed implicitly by PBCH DMRS and LSB 2bits are included explicitly in PBCH payload. UE detects the SS blocks with same MSB=10 from the target gNB and measures and report the RSRP to the serving gNB, which determines the UE handover procedure. With this method, a wider beam direction can be obtained from UE neighbor cell measurement without PBCH decoding. 
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Figure 11: UE determining neighbor cell beam index during handover procedure
For initial access procedure: As analyzed in section 2.2, SS block time index and NR-PBCH performance have higher priority than saving the number of bits by implicit methods; by providing extra verification and protection for time index, not only error detection issue can be solved, but also robust time index and NR-PBCH performance can be achieved. In alternative 5, the partial implicit time index can be explicitly or implicitly re-encoded in NR-PBCH, such as using CRC mask for implicit method.
Further UE power consumption optimization: as discussed in our NR-PBCH RE mapping contribution [6], the minimum bandwidth required to support NR operation can be potentially reduced to half, which is the same as NR-PSS/SSS bandwidth, this philosophy can be extended for cell handover procedure to save UE power consumption if UE only open half bandwidth of SS block to perform inter-cell RRM measurement and partial time index acquisition. From our simulation results shown in Figure 12 and Figure 13, this idea is applicable, while this optimization can be left to UE implementation.
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Figure 12: TDL-A 4GHz phase bits BLER-on half of PBCH band          Figure 13: CDL-A 30GHz phase bits BLER-on half of PBCH band
Observations 5: If the indication bits is detected through half of the PBCH bandwidth, its performance will suffer from about 3dB degrade compared to that detected from the whole PBCH bandwidth.
So, from the above analysis on alternative 5, the following proposal is given: 
Proposal 2: Alternative 5 is recommended as NR SS block time index indication scheme, for its robust performance, as well as it can meet requirements for both initial access and cell handover procedures, in addition, it can be beneficial for UE power consumption. (Alternative 5: Partial implicit indication uncorrelated to NR-PBCH encoding + total explicit indication by NR-PBCH payload)
3. Conclusion

In this contribution, we further evaluate NR-PBCH DMRS Phase Rotation mechanism and discuss SS block time index indication design with the following proposal:
Proposal 1: NR-PBCH DMRS Phase Rotation should be adopted as one of techniques in NR to carry implicit information.

Proposal 2: Alternative 5 is recommended as NR SS block time index indication scheme, for its robust performance, as well as it can meet requirements for both initial access and cell handover procedures, in addition, it can be beneficial for UE power consumption. (Alternative 5: Partial implicit indication uncorrelated to NR-PBCH encoding + total explicit indication by NR-PBCH payload)
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