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1 Introduction
In RAN1 NR Ad Hoc meeting, it was agreed for SS multiplexing in [1] 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.

In this contribution, we further discuss the SS burst set structure and SS-block time index indication.
2 SS Burst Set Structure and SS Block Time Index Indication 
2.1 NR Cell ID 
To discuss the number of Cell ID needed in NR, one may first discuss the number of NR cell in NR. As emphasized in [2], the system-level simulation results [9] demonstrated improved synchronization performance under a transmission scheme that a NR cell covers up to 57 TRPs, who used identical SS and therefore, were tied to one NR cell ID. In this sense, the amount of Cell ID required in NR can be much fewer than that in LTE. On the other hand, the increase of Cell ID would definitely increase detection complexity; no matter they are tied to extra SS sequences or carried by PBCH etc. As we can actually have a feasible transmission scheme which requires even fewer number of Cell ID and improved performance, it seems unnecessary price to pay for the increase. As a result, the legacy number of Cell ID, i.e. 504, should be an appropriate option for NR.

In the aforementioned transmission scheme, multiple TRPs are transmitting identical SS. Therefore, the received signal can be seen as the superposition of those SS from different TRPs subject to different arriving time difference and frequency offsets, etc. One may argue that the performance of such a transmission scheme may suffer from the interference caused by various frequency offsets. However, in the agreed WF on SS parameters and assumptions for evaluation, the frequency offset (FO) at the TRP is uniformly distributed between +/- 0.05ppm, which is much smaller than the FO at UE side. In the typical central frequency band below 6GHz, the FO caused by the TRP varies between +/- 200Hz (0.05ppm * 4GHz), which is fairly small compared to the subcarrier spacing of 15kHz. Thus the interference caused by various FOs is expected to have little impact on the performance. On the other hand, the SFN gain of the same SS scheme is significant, which overwhelms the negative impact from different FOs. Therefore, the transmission scheme, multiple TRPs within a NR cell transmitting identical SS to improve the synchronization performance, is still pursued.

Proposal 1: The number of NR cell IDs is 504 .
2.2 SS Burst Set Structure

In [2-4], we have proposed to consider FDM of PSS, SSS, PBCH, and paging as the first priority for multi-beam scenario, especially for above 6GHz band mainly due to system efficiency issue. TDM is considered if the minimum system/UE BW is not enough for FDM. If the working assumption of TDM of PSS and SSS is supported for multi-beam scenario, the requirement of minimum BW of UE will be largely relaxed.  It is highly desirable to support FDM of SS and PBCH/paging. 
The evaluations in [5] at 30 GHz show that SCS of 120 kHz with SS BW 17.28MHz has a desirable tradeoff between detection complexity and performance. Therefore, for frequency range category #2 (above 6 GHz) with carrier bandwidth 40 MHz or 80 MHz (except 20MHz case), the minimum BW of UE is enough for FDM of SS and PBCH/paging. Furthermore, the evaluations in [5] at 4 GHz also show that SCS of 15 kHz with SS BW 2.16MHz has a desirable tradeoff between detection complexity and performance. Therefore, for frequency range category #1 (below 6 GHz) with carrier bandwidth 5MHz, 10MHz or 20MHz (all the candidate values), the minimum BW of UE is enough for FDM of SS and PBCH/paging.
The benefit of FDM of SS and paging is to save the overhead of another round of beam sweeping for paging, with detailed description given in [6]. The benefit of FDM of SS and PBCH is summarized in Table 1 with detailed description given in [7].
Table 1. Comparisons between FDM and TDM of PBCH and SS

	Aspects
	FDM
	TDM
	Comments

	System Efficiency
	Better
	Worse
	FDM spans less OFDM symbols, leaving more symbols with full antenna resources. TDM is even worse if no FDM with other signals.

	BLER with similar DMRS overhead
	Same
	Same
	Better frequency diversity for FDM; Higher Density of DMRS for TDM

	PAPR
	Same
	Same
	FDM with other signals

	
	Worse
	Better
	No FDM with other signals


Based on the above discussion, an example of SS burst set structure is illustrated in Figure 1, where an SS burst set is composed of N SS bursts and L SS blocks for each SS burst.  The gNB may perform a full Tx beam sweeping within an SS burst set or transmit the same beam across all SS blocks within an SS burst set. According to the latest agreement, the time index of SS block could be from 1 to L or from 1 to NL. PSS and SSS are TDM within each SS block, while PBCH and/or paging could be multiplexed with NR-SS in frequency domain.  
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Figure 1
An example SS burst set structure

Proposal 2: FDM of PBCH/paging and SS should be considered as the first priority, and TDM should also be considered if the minimum carrier bandwidth is not enough for FDM, e.g., frequency range category #2 with only 20MHz carrier bandwidth.
2.3 SS-block Time Index Indication
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, it is important to enable the receiver at UE flexibly decodes from one single SS block or from the soft-combining of several SS blocks within the SS burst set. Thus the detection complexity, coverage, resource overhead and energy efficiency are essential criteria of the SS-block design.

In NR, UE will derive symbol, 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
Compared to other indication techniques, implicit indication of SS index by PBCH does not add any extra overhead/complexity to the SS sequence transmission/detection and does not add overhead to the 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. However, with different CRC masks of PBCH over different SS blocks, the soft-combining of PBCH across multiple SS blocks is not enabled. 
One way to enable soft combining of different PBCH transmissions at the receiver together with implicit indication of the SS index is as follows: (i) define a bijective base transformation T over the PBCH uncoded bits including CRC and (ii) indicate the SS index by how many times the base transformation T is applied to the PBCH bits before FEC encoding. The receiver can perform soft combining over the received PBCH blocks by building an equivalent FEC code according to the PBCH mother code and T. The SS index decoding is then done by examining after how many inverse transformations T-1 the CRC is checked. The transformation T should be such that the complexity of single block PBCH decoding is not increased, the extra complexity of PBCH decoding with soft combining remains affordable, and the performance of the index decoding is acceptable. Specifically, the latter requires the number of PBCH bit combinations that lead to systematic index decoding error remains as low as possible. A PBCH bit combination X leads to a systematic index decoding error if both X and Tn(X) check the CRC for some n>0.
· Explicit indication by PBCH

As to be demonstrated in Section 2.4, considering the tradeoff between the cell search time and resource overhead, the overall number of SS blocks approximates to 30.  Thus 5 information bits (25 = 32) are required to explicitly indicate the SS block time index by PBCH. In addition, PBCH may indicate the resource allocation of secondary broadcast information.  Thus it is necessary to consider the resource overhead due to explicit indication.  Moreover different codeword of PBCH over different SS blocks disables the soft-combining of PBCH.
· 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 more resource is required in each SS block to accommodate the additional SS.  The blind decoding of additional SS may also bring extra detection complexity and cause a slight rise in the overall false alarm rate.
· 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 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.  The soft-combining of PBCH over several SS blocks within the SS burst set should be enabled to improve the coverage at cell edge.
Proposal 3:  NR should enable soft-combining of PBCH over several SS blocks within the SS burst set. 
2.4 Potential Number of SS-blocks 
The number of SS blocks is highly related to the beams used for SS block, where the beams will influence the SS detection and PBCH demodulation. To discuss the potential number of SS blocks, the required cell search time will be evaluated by SLS based on the joint detection rate of SS block defined in [9]. 

In the evaluation, FDM is used to transmit SS and PBCH signals with the same beam in one SS block. All dropped users are assumed to detect SS and PBCH at the same time. If UE detects SS block successfully in the nth beam sweeping period, the cell search time is given by T*n (ms), where T is the beam sweeping period. The following beam configurations for sweeping are evaluated, and the spatial coverage for each configuration is provided in [9]. 

· Option 1: 16 Tx beams and 8 Rx beams. 

· Option 2: 32 Tx beams and 8 Rx beams. 

· Option 3: 64 Tx beams and 8 Rx beams. 

· Option 4: 128 Tx beams and 8 Rx beams. 
As illustrated in Figure 2, the required cell search time for different number of beams in UMa with NLOS and LOS cases is provided. For the 90th percentile in UMa with NLOS scenario, 90% users can acquire the cell successfully for Option 3 and Option 4 within 11 periods. For LOS scenario, less number of beams is required for initial access than that in NLOS scenario. 

As illustrated in Figure 3, the required cell search time for different number of beams in Dense Urban Macro with NLOS and LOS scenarios is provided. For the 90th percentile in NLOS scenario, 90% users can acquire the cell successfully for Option 3 and Option 4 within 16 periods.
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   (a) UMa scenario (NLOS only)              (b) UMa scenario (LOS only)
Figure 2 CDF of cell search time for joint PBCH and SS detection in UMa scenario
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(a) Dense Urban Macro scenario (NLOS only)              (b) Dense Urban Macro scenario (LOS only)

Figure 3 CDF of cell search time for joint PBCH and SS detection in Dense Urban Macro scenario

Note that, Option 3 and Option 4 have similar performance for the LOS cases, since TRP beams do not need to be narrow enough to combat the path loss. For NLOS case, the comparisons are given in Table 2. The overhead is defined as the ratio of the number of OFDM symbols used for sweeping to the total number of OFDM symbols in one sweeping period. Considering the overhead, cell searching time and period, SS block number in the level of ~30 is a good choice, e.g., 20ms period with about 300ms cell search time and 2.8% overhead.
Table 2 Comparison between Option 3 and Option 4 (Option 3/ Option 4)

	Period [ms]
	5
	10
	20
	40
	80
	100

	90% users cell search time in UMa (NLOS only) [ms]
	55/15
	110/30
	220/60
	440/120
	880/240
	1100/300

	90% users cell search time in Dense Urban Macro (NLOS only) [ms]
	75/25
	150/50
	300/100
	600/200
	1200/400
	1500/500

	Overhead
(subcarrier spacing 60kHz)
	12%/48%
	6%/24%
	2.8%/11.2%
	1.4%/5.6%
	0.7%/2.8%
	0.6%/2.4%


Proposal 4: The overall SS block number in the level of ~30 should be considered.
3 Conclusion
In this contribution, we discussed NR-SS burst set composition and NR-SS block time index indication. A summary of proposals is provided as follows:
Proposal 1: The number of NR cell IDs is 504 .
Proposal 2: FDM of PBCH/paging and SS should be considered as the first priority, and TDM should also be considered if the minimum carrier bandwidth is not enough for FDM, e.g., frequency range category #2 with only 20MHz carrier bandwidth.
Proposal 3:  NR should enable soft-combining of PBCH over several SS blocks within the SS burst set. 
Proposal 4: The overall SS block number in the level of ~30 should be considered.
References
[1] 3GPP RAN1 NR Ad Hoc, Chairman’s notes, Jan.  2017.
[2] R1-1700033, “Discussion and evaluation on NR-SS multiplexing and bandwidth”, Huawei, HiSilicon, RAN1 NR AdHoc, Spokane, USA, Jan. 16-20, 2017.
[3] R1-1700047, “Discussion and evaluation on broadcast channel/signals transmission for beam based initial access”, Huawei, HiSilicon, RAN1 NR AdHoc, Spokane, USA, Jan. 16-20, 2017.
[4] R1-1700048, “Multi-beam Paging for NR”, Huawei, HiSilicon, RAN1 NR AdHoc, Spokane, USA, Jan. 16-20, 2017.
[5] R1-1703352, “Synchronization signals for NR”, Huawei, HiSilicon, RAN1#88, Athens, Greece, Feb. 13-17, 2017.
[6] R1-1701723, “Multi-beam Paging for NR”, Huawei, HiSilicon, RAN1#88, Athens, Greece, Feb. 13-17, 2017.
[7] R1-1701722, “Discussion and evaluation on broadcast channel/signals transmission for beam based initial access”, Huawei, HiSilicon, RAN1#88, Athens, Greece, Feb. 13-17, 2017.
[8] R1-1612034, “Conveying symbol index during multi-beam sync,”, Qualcomm, RAN1#87, Nov. 2016
[9] R1-1611688, “NR initial access evaluation”, Huawei, HiSilicon, RAN1#87, Nov. 2016
Appendix: Evaluation assumptions for SLS
	Parameters
	SLS Assumption

	Carrier frequency
	30GHz

	Deployment scenarios
	UMa (ISD=500m)

Dense Urban Macro (ISD=200 m)

	Channel model
	TR 38.900

	UE dropping 
	Follow TR 36.873 except the percentage of for indoor and outdoor users 

UMa: 100% outdoor users; 

Dense Urban Macro: 100% indoor users, 20% users with high O2I loss, and 80% users with low O2I loss.

	System Bandwidth
	80 MHz

	FFT size
	2048

	Subcarrier spacing
	60 kHz

	Search window 
	10ms (for one beam sweeping period)

	Antenna configuration at the TRP
	(4,8,2,2,2) with directional antenna element (HPBW=650, directivity gain 8dB)

	Antenna configuration at the UE
	(2,4,2,1,2) with directional antenna element (HPBW=900, directivity gain 5dB)

	Antenna port virtualization
	1 TXRU per polarization per panel

	Codebook
	DFT codebook
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