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1 Introduction
In TR38.802 [1], NR SI describes synchronization signal and DL broadcast signal/channel structure as follows,

· One or multiple SS block(s) compose an SS burst. One or multiple SS burst(s) further compose an SS burst set where the number of SS bursts within a SS burst set is finite. 
· From physical layer specification perspective, at least one periodicity of SS burst set is supported. From UE perspective, SS burst set transmission is periodic and UE may assume that a given SS block is repeated with a SS burst set periodicity. Note that NR-PBCH contents in a given repeated SS block may change. 
· A single set of possible SS block time locations is specified per frequency band. The maximum number of SS-blocks within SS burst set may be carrier frequency dependent. The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks. 
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set. 
· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent. At least for multi-beams case, at least the time index of SS-block is indicated to the UE.”
In this contribution, we further discuss the synchronization channel designs in terms of the number of SS- blocks within an SS burst set,  SS burst set composition and SS-block time index indication.
2 Evaluation on SS-block number within an SS Burst Set 
In RAN1 #88 meeting, in terms of the number of SS-blocks within an SS burst set, it was agreed in [2] that,

· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent

· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]

· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]

· FFS: L for additional frequency range category
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks

· FFS whether this information is available only in CONNECTED mode or in both modes

· FFS how to signal the position(s)

In the previous contribution [4], we have demonstrated the SLS performance in terms of cell search time for above 6GHz.  In this section, we evaluate the LLS performance in terms of coverage and cell search time to identify the maximum number of SS-blocks within an SS burst set.
Evaluation methodology
To fulfill the wide coverage within a cell, the beam sweeping of SS blocks based on wide beam pattern could reduce the resource overhead, i.e., wider the beam, fewer the number of SS blocks.  However, the beamforming gain of wide beam is smaller than that of narrow beam, which impacts the coverage of NR-PSS/SSS and/or NR-PBCH. 

The Maximum Coupling Loss (MCL) methodology is usually used to identify the coverage issue. The coupling loss is defined as the total long-term channel loss over the link between the UE antenna ports and the TRP antenna ports, and includes in practice antenna gains, path loss, shadowing, body loss, etc.  The MCL is the limit value of the coupling loss at which the service can be delivered, and therefore defines the coverage of the service.  The MCL is independent of the carrier frequency.  The MCL is evaluated via link budget analysis supported by LLS.  The DL MCL here is calculated as: DL MCL = DL Max Tx power – UE Sensitivity, where the detailed calculation procedure and parameters are summarized in Table 1.
Evaluation results
In our simulations, the PSS, SSS and PBCH together compose an SS block in a TDM manner, and respectively occupy 1, 1 and 2 OFDM symbols. There is at most three SS blocks in one slot, which is illustrated in Figure 1.  Based on the assumptions in Appendix I, the evaluation results on MCL (dB) are provided to consider the coverage issue.  The average MCL performance of LTE SSS provided in [7] is compared as a benchmark. To realize multi-beam transmission over multiple SS blocks, directional antenna configuration is assumed for both 4GHz and 30GHz carrier frequencies, as described in Appendix II.  Since we cannot guarantee the SS blocks are transmitted from the same beam direction, one-shot detection of SS block without non-coherent combining is assumed in our simulation to consider the worst-case.
Table 1
Evaluation results of PSS/SSS at target of 10% Pmiss
	
	LTE [7]
(SCS=15kHZ, BW=1.08MHz)
	NR for 4GHz 

(SCS=30kHZ, BW=4.32MHz)

	No. of SS blocks
	2Tx2Rx
	3 
	6 
	9 
	12

	Required SINR (dB)
	-7.25
	-20
	-22
	-26
	-26

	MCL (dB)
	148.70 (SSS)
	161.45 (+12.8)
	163.45 (+14.8)
	167.45 (+17.8)
	167.45 (+17.8)

	
	LTE [7]
(SCS=15kHZ, BW=1.08MHz)
	NR for 30GHz 
(SCS=120kHZ, BW=17.28MHz)

	No. of SS blocks
	2Tx2Rx
	12 
	18
	24
	

	Required SINR (dB)
	-7.25
	-21
	-22
	-22
	

	MCL (dB)
	148.70 (SSS)
	162.45 (+13.8)
	163.45 (+14.8)
	163.45 (+14.8)
	


According to the study on channel model in [8], the pathloss mainly depends on the carrier frequency with 20log10(fc), and the propagation distance, as given as below,  
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Assuming the carrier frequency of LTE is 2GHz, to achieve the similar coverage of LTE, the pathloss of NR due to the increased carrier frequency is 6.0dB for 4GHz and 9.5dB for 6GHz; while for 30GHz carrier frequency, the pathloss gap is up to 23.5dB due to the carrier frequency upgrading. 
As shown in Table 1, the required SINR decreases and MCL enhances as the number of SS blocks increases, since the transmission beam of each SS block becomes narrower so as to achieve higher beamforming gain.  For sub6GHz frequency range, the MCL gain of 6 SS blocks is higher than LTE for about 14.8dB, which can mitigate the pathloss gap due to the upgraded carrier frequency. 
However, the minimum beam width and the corresponding maximum beamforming gain highly depend on the antenna configuration such as the number of antennas and the distance between antenna elements. With the agreed antenna configuration in Appendix II, when the number of SS blocks is more than 9, the MCL gain saturates for sub6GHz frequency range.  Therefore, 6 SS blocks within an SS burst set for beam sweeping of NR-PSS/SSS is much enough to satisfy the NR coverage requirement.
For above6GHz frequency range, the MCL gain saturates when the number of SS blocks is more than 18 with the antenna configuration in Appendix II.  Therefore, the maximum number of SS blocks within an SS burst set should be no more than 18.  From Table 1, it can be observed that the pathloss gap due to the carrier frequency upgrading cannot be fully mitigated by beamforming gain. Therefore, other advanced techniques such as power boosting need to be further considered.
Proposal 1:  The maximum number of SS blocks within an SS burst set should be no more than 6 for sub6GHz frequency range and no more than 18 for above6GHz frequency range.
2.1 Position indication of actual transmitted SS blocks 
Depending on the antenna configuration at the TRP, the cell size and so on, the number of actual transmitted SS blocks could be smaller than the maximum one.  For helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks, the position of actual transmitted SS blocks needs to be informed to the UEs.  

For IDLE mode UE, the position of actual transmitted SS blocks could be informed to the UE in NR-PBCH. In addition, it is worth considering using SIB to deliver this information. With precise position information of SS blocks, the UE in IDLE mode could guarantee the measurement accuracy based on NR-SS.
For CONNECTED mode UE, the position of actual transmitted SS blocks could be informed to the UE in NR-PBCH, or using RRC signaling. Besides the benefit of measurement, the UE could further make use the unoccupied SS block positions to receive data/control signal.
Proposal 2: For IDLE mode UE, the position of SS blocks could be informed to the UE using PBCH or SIB. For CONNECTED mode UE, the position of SS blocks could be informed to the UE through PBCH or RRC signaling.
3 SS burst set composition

The designs on SS burst set composition from different companies are very diverse.  Some issues are raised during the discussion. To investigate the SS burst set composition, we discuss these issues and provide some design criteria.
1) Whether or not an SS block comprises of consecutive symbols
To fulfill the wide coverage within a cell, the beam sweeping of SS blocks based on wide beam pattern could reduce the resource overhead. While for UE-specific control or data transmission, narrow beam pattern steering to the specific UE is beneficial to acquire the beamforming gain. To avoid frequent switching of beam patterns and/or power boosting across the symbols and to minimize the access delay, an SS block should comprise of consecutive symbols once if multiple signals are multiplexed together in the same slots. 
2) Whether or not SS & PBCH are multiplexed in the same or different slots

If NR-SS and NR-PBCH are multiplexed in the same slot, as shown in Figure 1, one set of beam sweeping is sufficient to transmit the SS blocks within an SS burst set. Several sets of beam sweeping are needed to transmit NR-PSS, NR-SSS and NR-PBCH independently if NR-PSS, NR-SSS and NR-PBCH are multiplexed in different slots.  However, the centralized mapping of NR-PSS, as shown in Figure 2 and 3, could enable the UE acquire time-frequency synchronization quickly.
3) Contents of an SS block and number of symbols per SS block

As stated in TR38.802, NR-PSS, NR-SSS and/or NR-PBCH can be transmitted within an SS block.  Since NR-PSS and NR-SSS may occupy two symbols per SS block, the exact number of symbols per SS block depends on the payload size and the transmission bandwidth of PBCH. In LTE, the payload size of PBCH is 40 bits occupying 4 symbols with 1.08MHz transmission bandwidth.  Assuming the NR-PBCH has the minimum payload size of 40 bits and 15kHz subcarrier spacing; it may occupy at least 2 symbols with transmission bandwidth of 2.16MHz or occupy at least 1 symbol with transmission bandwidth of 4.32MHz.  Thus the overall number of symbols per SS block could be 3 or 4.
4) Whether or not the SS block is mapped across slot boundary
If the SS blocks within an SS burst are mapped across slot boundary consecutively, the UEs cannot be scheduled during a long duration of an SS burst which reserves a chunk of contiguous resources. In the self-contained slot, at least 1 symbol for UL/DL control is allocated in the front or the end of this slot.  To align with the self-contained slot and keep limited resources for DL control information and UL feedback, it is not preferred to map the SS block across slot boundary.
5) Whether or not to skip symbol(s) within a slot or a slot set

To keep forward compatibility and support URLLC services, it should be allowed to skip symbol(s) within a slot or a slot set.
In the following subsections, we provide several designs on SS burst set composition for NR standalone operation.
3.1 Design for Standalone Operation
In the case of NR standalone operation, NR-PBCH is essential in addition to NR-PSS/SSS.  The three signals can be aggregated with interleaved mapping as shown in Figure 1.  The detection window of NR-PSS for time-frequency synchronization is enlarged due to the distributed resource allocation for NR-PSS.  But the average access delay is shorter since the UE can detect NR-SSS and NR-PBCH in the subsequent symbols once it detects NR-PSS.
In general, PSS/SSS and PBCH have different detection reliability and different required SNR target.  If the transmission bandwidth of NR-PSS/SSS is increased by enlarging the sequence length, while the transmission bandwidth of NR-PBCH is increased by accumulating the PBCH information within limited symbols, the detection performance gap between NR-PSS/SSS and NR-PBCH may be expanded.  It is difficult to provide additional improvement for NR-PBCH which is aggregated with NR-PSS/SSS in consecutive symbols under the same beam.  To provide additional processing for NR-PBCH to enhance the performance of NR-PBCH such as power boosting, it is beneficial to map NR-PBCH and NR-PSS/SSS in different slots, as illustrated in Figure 2, where NR-PSS and NR-SSS are interleaved and mapped in the same slot, while NR-PBCH is separately allocated in another slot by localized mapping. 
To minimize the search window of NR-PSS, it is a good manner by localized mapping of NR-PSS in a different slot from which NR-SSS and NR-PBCH are mapped, as shown in Figure 3.  In this composition, NR-SSS can still be used for NR-PBCH demodulation.
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Figure 1
SS burst set composition 1: Interleaved mapping of NR-PSS/SSS/PBCH
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Figure 2
SS burst set composition 2: Interleaved mapping of NR-PSS/SSS and localized mapping of NR-PBCH
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Figure 3
SS burst set composition 3: Localized mapping of NR-PSS and interleaved mapping of NR-SSS/PBCH
To minimize the access delay and UE’s search window, it is preferred to map the SS blocks in consecutive resources to perform beam sweeping in a short duration, as illustrated in the above three compositions. But one or multiple symbols at the slot boundary are reserved for DL/UL control or data transmission.
Proposal 3: The SS blocks should be mapped in consecutive resources but avoiding the slot boundary.
4 SS-block time index indication
In terms of SS-block time index indication, In RAN1 NR Ad Hoc meeting, it was agreed in RAN1 NR Ad Hoc meeting [3] that,

· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
· The signal multiplexing structure is fixed in a specification
· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.
· The signals included in the SS block are FFS between
· Alt 1: PSS, SSS and PBCH; and
· Alt 2: PSS, SSS, TSS and PBCH 
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:

· Alt.1: One time index for every SS-block within an SS-burst set

· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set.  SS burst index is common across SS blocks in each SS-burst.

· Possible mechanisms to indicate the SS block index includes

· 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

· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.

The SS-blocks carrying at least PSS, SSS and PBCH are cell-specific configured and targeting to the coverage of all UEs within NR Cell.  It is necessary to maintain the flexibility in the number of beams, the beam width and the beam sweeping pattern at gNB, e.g., wider or even pseudo-omni beams through an SS-burst is possible. To improve the PBCH coverage at cell edge, some methods such as power boosting or soft-combining could be considered.  After all, the soft-combining of PBCH could be performed across the SS burst sets. The gain from soft-combining of PBCH within an SS burst set should be evaluated, taking into account real channel estimation which is often very poor at the target SINR range of PBCH. Thus the detection complexity, coverage, resource overhead and energy efficiency are essential criteria of the SS-block design.

In NR, UE will derive symbol and slot index in a radio frame from the time index/indices of an SS block.  The possible mechanisms to indicate the SS block index are compared and analyzed as follows,

· Implicit indication by PBCH
In NR, no blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE.  The different CRC masking of PBCH, used for blindly decoding the number of antenna ports in LTE, could be reused to indicate the SS block/burst index. 

In addition to CRC masking, scrambling of the PBCH codeword differently, cyclic shift of PBCH codeword as proposed in [6] and a bijective transformation of uncoded PBCH bits proposed in [4] are all implicit indication mechanisms by PBCH, where the PBCH codeword is repeated over multiple SS blocks so as to enable soft-combining within an SS burst set. With implicit indication of block index through PBCH, a longer CRC is required to achieve the same target false alarm rate as the number of CRC checks increase linearly with the maximum number of SS blocks (M) and requires a CRC that is longer by log2(M), which is 3 or 5 more CRC parity bits depending on the frequency range. Moreover, implicit indication of SS block time index through circular shift and CRC mask [6] may result in systematic ambiguity in PBCH interpretation (given an error-free detection) where multiple hypothetic time indexes check the CRC.
· Explicit indication by PBCH

Based on the evaluation in Section 2, the maximum number of SS blocks within an SS burst set may be 6 or 18 depending on the frequency range.  Thus at most 3 or 5 information bits corresponding to the maximum number of SS blocks are required to explicitly indicate the SS block time index by PBCH which is the same as the extra CRC overhead for implicit indication and requires no blind detection of the time index, at least when soft combining of SS blocks within an SS burst set is not employed for PBCH decoding. PBCH with explicit indication using Polar code can also allow soft combining of SS blocks within an SS burst set to exploit the combining gain. Note that soft combining of PBCH can also be conducted among different SS burst sets. With explicit indication of time index by PBCH, there is no systematic ambiguity in timing or content of PBCH given an error-free PBCH detection.
· Indication by an additional SS, if such an additional SS is introduced
If an additional SS is introduced and used for the indication of SS block time index, the detection complexity of PBCH is relaxed and the soft-combining of PBCH over multiple SS blocks are enabled.  However the resource overhead for the additional SS is required for each SS block to accommodate the 3rd sequence. The extra detection complexity of additional SSs depends on the number of additional SS sequences to be introduced. According to the discussion in Section 2, only 6 and 18 SS blocks in an SS burst set are suggested for low and high frequency ranges, respectively, indicating that at most 18 additional SS sequences will be sufficient to indicate the SS block time index. Hence the related complexity increase and the impact on overall false alarm rate are slight compared to that of detecting SSS. 
· Indication by NR-SS

Enlarging the SSS sequence pool to indicate the SS block index also has less impact on PBCH detection, but both the blind detection complexity and false alarm rate are increasing with the sequence pool size.  In addition, wider bandwidth of SSS may be required to maintain the same MCL target of SSS.

The different alternatives above have their own pros and cons in terms of performance and overhead. Most notably, explicit indication of the time index in PBCH does not mandate UE to perform blind detections and/or extra CRC checks as required by the implicit indication of the time index in PBCH. The overhead of explicit indication is the same as implicit indication with the same false alarm rate (FAR) target and does not have systematic ambiguity when PBCH is successfully decoded.  

In our view, more importantly is the underlying principles of which this SS block index indication should be applicable to. To ensure efficient initial access procedures, in both resource overhead as well as latency, and to allow maximum network optimization flexibility, the SS block indexing shall not be restrictive to a specific beam deployment. In other words, the deployed beam(s) is network implementation choice for an SS-block and SS-block time index. Hence, the UE is not aware of the association between the SS block index and beam(s) used to transmit it. With this, we ensure that the initial access procedures are kept independent from of the beam identification which is part of the L1/L2 beam management procedures.  In addition to power boosting, soft-combining of PBCH over several SS blocks within the SS burst set could be considered to improve the coverage at cell edge. Soft combining of PBCH still can be conducted among different SS burst sets after all. 
5 Conclusion
In this contribution, we discussed the number of SS blocks within an SS burst set, NR-SS burst set composition and NR-SS block time index indication. A summary of proposals is provided as follows:
Proposal 1:  The maximum number of SS blocks within an SS burst set should be no more than 6 for sub6GHz frequency range and no more than 18 for above6GHz frequency range.

Proposal 2: For IDLE mode UE, the position of SS blocks could be informed to the UE using PBCH or SIB. For CONNECTED mode UE, the position of SS blocks could be informed to the UE through PBCH or RRC signaling.
Proposal 3:  The SS blocks should be mapped in consecutive resources but avoiding the slot boundary
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Appendix I: MCL calculation for PSS/SSS

	PSS/SSS
	Value for LTE (15kHz SCS)
	Value for NR below 6GHz (30kHz SCS)
	Value for NR above 6GHz (120kHz SCS)

	Transmitter

	(1) Tx power (dBm)
	36.78
	42.80
	48.82

	Receiver

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	9
	

	(4) Interference margin (dB)
	0
	0
	

	(5) Occupied channel bandwidth (Hz)
	1.08x106  
	4.32x106  


	17.28 x106 

	(6) Effective noise power 

= (2) + (3) + (4) + 10 log[(5)] (dBm)
	-104.67
	-98.64
	-92.62

	(7) Required SINR
	Corresponding to 10% Pmiss

	(8) Receiver sensitivity = (6) + (7) (dBm)

	(9) MCL = (1) – (8) (dB)


Appendix II: Evaluation assumptions for LLS on NR-SS
	Parameters
	LLS Assumption

	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C for 4 and 30 GHz, AWGN

· with delay scaling values of 100ns for 4 GHz, 30 ns for 30 GHz

· with combination of ASA and ASD scaling values in sec. 7.7.5.1 in 38.900, for above 6 GHz cases
· ZSA = 5 degree, ZSD = 1 degree 

· The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA

	Subcarrier Spacing(s)
	30 kHz 
	120 kHz

	SNR range
	> -6dB
	> -18dB

	UE speed
	3 km/h 
	3 km/h

	Search window
	11ms

	Antenna Configuration at the TRP
	(4,8,2), with directional antenna element (HPBW=65 degrees, directivity 8dB)


	Antenna Configuration at the UE
	(2,4,2), with directional antenna element (HPBW=90 degrees , directivity 5dB)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 

(e.g. the beamforming method, beam directions, number of beams)

	Frequency Offset
	· Initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)

· Non-initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform distribution +/- 0.1 ppm

	Number of interfering TRPs 
	1. 0 TRP: mandatory

2. 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB; SIR is defined as the ratio of power between a reference cell and interfered cell) – timing arrival differences from TRPs are provided by each proponent: optional
	1. 0 TRP
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