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1 Introduction
During RAN1#88 meeting, the following agreements on the set of possible SS block time locations and the maximum number of SS blocks were achieved [1].
Agreements:
· For set of possible SS block time locations, further evaluation till next meeting by considering at least the following:
· Whether or not a SS block comprises of consecutive symbols and whether or not SS&PBCH in the same or different slots
· Number of symbols per SS block
· Whether or not to map across slot boundary(ies)
· Whether or not to skip symbol(s) within a slot or a slot set
· Contents of an SS block (note: the contents of an SS block may be further discussed during this meeting)
· How SS blocks are arranged within a burst set, & the # of SS blocks per burst/burst set

Agreements:
· 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 this contribution, the design considerations on the maximum number of SS blocks within an SS burst set, SS block components and the possible SS block locations are discussed. 
1 
2 
2 Maximum number of SS blocks in an SS burst set 
3 
In NR, especially for above 6GHz scenario, SS blocks are broadcasted to different directions in a beam sweeping way to provide a good cell coverage. The exact number of SS blocks needed for a gNB depends on the cell coverage requirement and the sync overhead. For above 6GHz NR, the path loss will increase compared to that of the below 6GHz NR due to the increasing carrier frequency. Using narrow beams, the path loss can be compensated by the array gain. For example, a 16x8 antenna array (N=16, M=8) with half-wavelength element distance and 6dBi element gain can provide totally 27dBi gain. However, with a narrower beam, a gNB will need more beams to cover a cell/sector, leading to the increase of time domain resources for synchronization. For example, under the above antenna configuration, around 16 beams (assuming DFT beam weight, the 3dB beam width is around 6.4 degree) are needed in a gNB to cover the azimuth domain of a 120-degree sector. Considering 30 degrees as an elevation scan range (i.e. similar to LTE FD-MIMO), around 4 beams are needed to cover the elevation scan range with 3 dB beam-width [2]. Therefore, totally around 16x4=64 beams are needed to cover a sector. Similar to 802.11ad on 60GHz, wide beams can be used during the initial access stage. For example, by forcing the analog beamforming weights of the edge antenna elements to zeros and using only the central 8x4 antenna elements, we can increase the 3 dB beam width from 6.4 degree to 12.8 degree in azimuth domain. Accordingly, the number of beams needed to cover a sector in azimuth domain can be reduced from 16 to 8. However, one potential drawback of this method is that as the beam width becomes wider, the antenna array gain will become smaller, which may reduce the coverage of a cell. According to our link budget analysis [2], at least 128 antenna elements and 64 beams are needed to cover a sector during the initial access stage. System level simulations are also conducted to further validate this conclusion.
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Figure 1

In Figure 1, system level simulation results are presented to illustrate how the number of beams and antenna configurations can affect the coverage of a cell. In this figure, 8x4 array means M=4, N=8. Other simulation parameters are put in Appendix. From this figure, we can find that among all the options, the option of 64 beams (16 for azimuth and 4 for elevation) with a 16x8 array provides the best cell coverage where the SINR of 90% users is higher than -6.4dB, which meets the -6dB SINR requirement for initial access. Note that the difference on cell-discovery performance from -6.4dB to -6dB is very slight according to the simulation results in our company’s contribution [4]. Therefore, it may not be necessary to further increase the number of beams, e.g., using around 100 beams. Furthermore, from this figure, we can find that using less number of beams, i.e., 16 beams for 16x8 array, or using a wider beam (double beam-width in both azimuth domain and elevation domain), i.e., 64 beams for 8x4 array, cannot provide satisfactory SINR for initial access (the 10th percentile SINR is only -10 dB). In summary, we have the following observations:

Observation 1: For above 6GHz NR, at least 64 beams should be considered for SS transmission for an array with M=8, N=16.  
Observation 2: For above 6GHz NR, using more than 100 beams is not necessary for SS transmission.  

Another issue related to the maximum number of SS blocks in an SS burst set is the system overhead. Assume that each SS block is transmitted via a single beam and the number of beams is 128, then totally around 128 SS blocks are needed, which might lead to a huge system overhead compared to the legacy LTE. In the following table, we compare the system overhead in time domain with different number of SS blocks.

Table 1 Overhead of time resource for different number of SS blocks

	
	SCS (kHz)
	OFDM symbol length (us)
	CP length (us)
	Average # of OFDM symbols per SS block
	Periodicity of SS burst set (ms)
	Overhead in time domain

	LTE
	15
	66.67
	4.67
	4
	5
	5.7%

	NR with 32 SS blocks per set
	240
	4.17
	0.29
	4
	10
(20)
	5.7% (2.85%)

	NR with 64 SS blocks per set
	240
	4.17
	0.29
	4
	10
(20)
	11.4% (5.7%)

	NR with 128 SS blocks per set
	240
	4.17
	0.29
	4
	10
(20)
	22.8% (11.4%)




From Table 1, we can find that NR with 128 SS blocks will cause 22.8% (11.4%) overhead in time domain if the SS burst set periodicity is 10ms (20ms). Therefore, it is not only unnecessary but also unbearable for NR to employ more than 100 SS blocks within an SS burst set.

Considering the performance of coverage and system overhead, for frequency range category #B (e.g., 6 ~ 60GHz), the maximum number SS blocks, L should be 64. However, since the periodicity of SS burst set is still not decided between 10ms and 20ms, the overhead of NR transmitting 64 SS blocks within 10ms is still a little bit high compared to the overhead of the legacy LTE. As 64 is only the maximum number of SS blocks, the actual number of SS blocks can be configured to a much smaller number than 64 depending on deployment scenarios. Accordingly, the real system overhead can be much less than 11.4% even the periodicity of SS burst set is decided to be 10ms. The indication of the actual number of SS blocks transmitted in an SS burst set could be useful for both IDLE mode and CONNECTED mode UEs, such as in MIB, or RMSI. 

Instead of using a wide beam, one method to keep the performance of cell coverage while reducing the system overhead, i.e., the number of SS blocks, is to deploy multiple panels per TRP for a gNB. If each TRP is configured with multiple panels, a composite beam can be configured by multiple panels for SS block transmission without reducing the antenna array gain. In other words, an SS block could be transmitted individually to each direction using SFN, i.e., the same signal is transmitted in superposition manner from parallel beams simultaneously in a cell/sector. For TRPs equipped with N antenna panels, N beams can be transmitted simultaneously in an SS block. Therefore, depending on the value of N, the required number of SS blocks can be reduced as shown in the Table 2 below. If each TRP is equipped with at least two panels especially used for ISD 200m cell-planning, then the maximum number of SS blocks for above 6GHz NR can be reduced from 64 to 32. The details on configuring composite beams for TRPs with multiple panels can be found in our company’s contribution [3]. 

Table 2 Required number of SS blocks as a function of antenna panels per TRP

	Maxim number of beams 
for SS transmission
	64

	Number of antenna panels per TRP
(equipped with two ports per each panel)
	1
	2
	4

	Required number of SS blocks 
in a SS burst set
	64
	32
	16



In the legacy LTE, on average there is one SS block per 5 ms. For below 6GHz NR, the SS burst set periodicity will be either 10ms or 20ms. Therefore, the maximum number of SS blocks per SS burst set for below 6GHz NR can be 2~4. Furthermore, it may be also beneficial for a gNB to improve its cell coverage by transmitting SS blocks using multiple beams at around 4GHz.

Finally, by jointly considering the system overhead and cell coverage, we have the following proposal on the maximum SS block numbers per SS burst set for NR. 

Proposal 1:  The maximum number of SS-blocks, L, within SS burst set is carrier frequency dependent
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number (L) is 2~4.
· For frequency range category #B (e.g., 6 ~ 60GHz), the number (L) is 32~64.
 
3 SS block timing index indication 
According to the agreement in RAN1#87, the time index (including OFDM symbol, slot and frame) of an SS block should be indicated to UEs. The time length of OFDM symbol will shorter due to the increase of subcarrier spacing. The SS block index should be detected by UE during initial access. Since synchronization signal and broadcast channel are transmitted to UE during initial access, the following alternatives can be considered for SS block index indication:  
· Alt 1: NR-PSS or NR-SSS;
· Alt 2: NR-PBCH;
· Alt 3: New type SS, i.e., NR-TSS. 

If this SS block index indication functionality is given to NR-PSS/SSS without allocating additional resources, the number of hypotheses of NR-PSS/SSS will increase linearly with the supported max number of SS block indices. As a result, the symbol boundary detection or cell ID acquisition performance would be degraded significantly due to the increased hypotheses for NR-PSS/SSS detection.

In case of using explicit bits in NR-PBCH to convey SS block index, the MIB with common information is required to enable possible combining across SS blocks within a NR-SS burst set so that the different NR-SS block indices have to be encoded separately from the MIB with common information of the NR-SS blocks. In case of using implicit indication based on the UE blind detection, the large number of SS block indices increases the blind decoding complexity, much higher than that of LTE. The reason of considering blind decoding is to enable coherent combining of SS blocks within an SS burst set. For example, in LTE system, UE has to perform maximum 4 times blind decoding to get LSB of the system frame number (2bits). In NR, for example, around 32~64 blind decoding would be added to get SS block index. Thus, minimum 128 blind decoding trials should be performed in each PBCH decoding instant. 

Thus, introducing a new type of SS, independent from NR-PSS/SSS and the common information in PBCH is a good solution to minimize the impact on SS detection performance and decoding complexity from UE perspective.   

Proposal 2: For NR, a new type of SS, i.e., NR-TSS, is introduced to indicate at least the SS block index within an SS burst set. 

4 SS block Composition 
In RAN1#88, TDMed NR-PSS/SSS/PBCH was agreed as a working assumption. Assuming same bandwidth of NR-PSS/SSS/PBCH and the NR-PBCH symbols are next to the NR-SSS symbol, NR-SSS can be used to get the channel estimation for NR-PBCH demodulation. Considering the NR requirement of the high mobility scenarios, the NR-DMRS inserted in the NR-PBCH could be considered to improve the robustness against the high Doppler and CFO at the price of the NR-DMRS overhead. In order to compensate the resources used for NR-DMRS, the NR-DMRS should carry multiple hypotheses to indicate the information of the NR-SS block indices. The basic sequence of NR-DMRS can be generated based on the cell ID, in a similar way as LTE. On top of that, the NR-DMRS is scrambled by NR-TSS as discussed in Section 3.    

In Figure 2, we illustrate the multiplexing of NR-PSS/SSS/PBCH and NR-DRMS/TSS is IFDMed within the NR-PBCH symbols. The distributed NR-DMRS/TSS REs in the frequency domain can use coherent detection with frequency diversity to identify the NR-SS block indices based on the NR-SSS. Based on the detected DMRS/TSS, the channel estimation is also improved on top of that of NR-SSS so that the NR-PBCH decoding is more robust against the mobility case. Details on how to IFDM TSS with PBCH can be found in our company’s contribution [5]. 

Proposal 3: NR should support time division multiplexing of consecutive NR-PSS/SSS/PBCH symbols per NR-SS block in both single beam and multi-beam scenarios and the NR-DMRS/TSS should be IFDMed within NR-PBCH symbols.


Figure 2 

As NR-TSS is scrambled with the PCID-based sequence, the detection of NR-TSS is after the detection of cell ID in NR-SSS. The NR-TSS is inserted in the NR-PBCH symbols. More REs being allocated to NR-TSS will lead to a higher coding rate of NR-PBCH. However, the sequence-based NR-TSS can be used as DMRS to assist NR-SSS to improve the channel estimation for NR-PBCH demodulation. Unlike NR-SSS/PBCH, soft-combination of NR-TSS is not preferable, therefore, one-shot detection performance of NR-TSS should be high enough so that the performance of TSS will not be the bottleneck of the performance of initial access. Figure 3 shows the trade-off relationship between the NR-TSS overhead and NR-PBCH performance with a same 70-bit MIB for a fair comparison. More link-level simulation parameters can be found in Appendix B.
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Figure 3

In Figure 3, we can see that as more REs are allocated to NR-DMRS/TSS (from 1/12 to 1/3 REs in a symbol), the decoding performance of NR-PBCH decreases. However, the performance of NR-PBCH are approximately the same as the NR-DMRS/TSS when the REs for NR-DMRS/TSS are 1/4 and 1/6. To support the maximum number of hypotheses, such as max 64 SS block indices as we discussed in Sect.2, NR-TSS should include 6 bits. Assume NR-TSS is message-based and QPSK is used: if 1/4 REs in a symbol are allocated for NR-DMRS/TSS, the coding rate of NR-TSS will be around 1/48, which is exactly the coding rate for PBCH in LTE after 4 times combination; if 1/6 REs in a symbol are allocated for NR-DMRS/TSS, the coding rate of NR-TSS will be around 1/32. Comparing with the message-based method, we propose sequence-based NR-TSS to indicate the 6 bits since the ML detection for short sequence can achieve better performance than the message-based alternative.  

Proposal 4: The construction of NR-DMRS/TSS is sequence based. 
Observation 3: 1/4 REs in a NR-PBCH symbol can be used for NR-DMRS/TSS to get trade-off between overhead and PBCH performance
5  SS block mapping pattern
For NR, similarly to LTE, we will use the terminology of frame, slot and OFDM symbol to describe the timing of SS blocks. According to the LS from RAN4 [R4-1702019], the potential subcarrier spacing for data and control signals are listed for each frequency range category.  
· For below 6 GHz, potential SCS_data= 15/30/60kHz 
· For above 6GHz, potential SCS_data=60kHz/120kHz/240kHz (FFS on 480kHz)

However, RAN1 has agreed that the default parameter set (SCS, sequence length, NR-SS transmission bandwidth) will be associated with a frequency band. Although the data/control channels may use various numerology of SCS and CP (NCP or ECP), we propose the NR-SS block mapping pattern is fixed/predefined and irrespective of the multiplexed data/control channels. By using the predefined pattern, the UE can detect the NR-SS blocks to get the slot/frame boundary without impact of the different data symbol boundary.

Proposal 5: For each frequency band, the NR-SS block mapping pattern is fixed/predefined and irrespective of the multiplexed data/control channels.

As the numerology of subcarrier spacing can change from 15kHz to 240kHz, the slot length and OFDM symbol length can change due to the change of different numerologies. Therefore, it is necessary for us to define a default slot (NR-SS slot) with predefined subcarrier spacing to describe the mapping of SS blocks. A NR-SS slot for below 6GHz is defined as a slot with subcarrier spacing of 15kHz and slot duration of 1ms. A NR-SS slot for above 6GHz is defined as a slot with subcarrier spacing of 60kHz and slot duration of 0.25ms. For both above 6GHz and below 6GHz, a NR-SS slot can be regarded as a 14-symbol slot with NCP. Figure 4 shows the NR-slot for both below 6GHz and above 6GHz NR.



Figure 4 

Proposal 6: For each frequency band, NR-SS slots should be defined to describe the mapping pattern of SS blocks:
· For below 6 GHz, an NR-SS slot has 1ms time duration, equivalent to a slot with 14 OFDM symbols (e.g., #0~#13 OFDM symbol) with SCS=15kHz and NCP. Total number of NR-SS slots in a radio frame is 10.
· For above 6GHz, an NR-SS slot has 0.25ms time duration, equivalent to a slot with 14 OFDM symbols (e.g., #0~#13 OFDM symbol) with SCS=60kHz and NCP. Total number of NR-SS slots in a radio frame is 40. 

Within an NR-SS slot duration, the NR-SS block location and the max number of NR-SS blocks are discussed as follows. Here, we assume an NR-SS block consisting of 4 consecutive OFDM symbols with SCS_SS=2n*15kHz and NCP, i.e., 4*66.7us*2-n. Considering the potential PDCCH/PUCCH in a NR-SS slot, the following alternatives of NR-SS block pattern are considered:
· Alt1: Consecutive NR-SS block(s) is(are) located in #2~#5 symbol (4 symbols) in the NR-SS slot
· No overlapping between NR-SS blocks and potential PDCCH in #0~#1 symbols and potential PUCCH in #6 symbol per NR-SS slot
· Maximize no collision with PDCCH/PUCCH in 7-symbol half NR-SS slot
· The #7~#13 symbols may be used for data transmissions, including low latency (e.g., URLLC) packets.
· Alt2: Consecutive NR-SS block(s) is(are) located in #3~#10 symbol (8 symbols) in the NR-SS slot
· No overlapping between NR-SS blocks and potential PDCCH in #0~#2 symbol and potential PUCCH in #11~#13 symbols per NR-SS slot.
· Maximize no collision with PDCCH/PUCCH (with NCP or ECP, and potential GP before the PUCCH if needed) in 14-symbol NR-SS slot
· Put more NR-SS blocks within a NR-SS slot using doubled resources of Alt1 for NR-SS block mapping.  



Figure 5 

Table 3 Max number of NR-SS blocks per 1ms-subframe
	
	Max number of NR-SS blocks per 1ms-subframe

	for below6GHz
	Alt1
	Alt2

	If SCS_SS=15kHz
	1 per 1ms
	2 per 1ms

	If SCS_SS=30kHz
	2 per 1ms
	4 per 1ms

	for above6GHz
	Alt1
	Alt2

	If SCS_SS=120kHz
	2 per 0.25ms
4x2=8 per 1ms
	4 per 0.25ms
4x4=16 per 1ms

	If SCS_SS=240kHz
	4 per 0.25ms
4x4=16 per 1ms
	8 per 0.25ms
4x8=32 per 1ms




Table 3 illustrate the max number of NR-SS blocks per 1ms-subframe using Alt1 and Alt2 respectively for different SCS value for NR-SS block. If the actual number of NR-SS blocks is smaller than that in Table 3, one subframe is enough to include the NR-SS blocks and all the NR-SS blocks are transmitted at the beginning of NR-SS burst set periodicity, e.g., within 0th subframe within 10ms-frame. Otherwise, if the actual number of NR-SS blocks is larger than that in Table 3, more than one subframe is required within a NR-SS burst set duration. 

In case that we need more than one subframe to include the NR SS slots with NR-SS blocks, there are two options. Further comparison is needed.
· Opt(a): consecutive subframes for NR-SS slots
· Contiguous searching window
· Opt(b): non-consecutive subframes for NR-SS slots
· Non-contiguous searching window or contiguous searching window with longer time
· Time diversity gain across the NR-SS blocks distributed in discontinuous subframes

For example, as shown in Figure 6, the highlighted subframes will used to include the NR-SS blocks. We assume using SCS=240kHz for NR-SS blocks and there are max 64 NR-SS blocks, the subframe location for NR-SS slot mapping for Alt1 and Alt2 in Figure 5 are illustrated.
· In case of Alt1, subframes include max 16 NR-SS blocks
· Opt (a): 4 subframes in {#0, #1, #2, #3}.
· Opt (b): 4 subframes in {#0, #1} and {#5, #6}.
· In case of Alt2, each subframe include max 32 NR-SS blocks
· Opt (a): 2 subframes in {#0, #1}.
· Opt (b): 2 subframes distributed in {#0, #5}.



Figure 6 

Proposal 7: 
· The mapping of NR-SS blocks should avoid the collision with UL/DL control channel.  
· Consider the NR-SS block mapping options in Figure 5 and Figure 6.

6 Conclusions
This contribution has examined design issues related to the maximum number of SS blocks, NR SS burst set composition and timing index indication, and made the following observations and proposals.
Observation 1: For above 6GHz NR, at least 64 beams should be considered for SS transmission for an array with M=8, N=16.  
Observation 2: For above 6GHz NR, using more than 100 beams is not necessary for SS transmission.  
Proposal 1:  The maximum number of SS-blocks, L, within SS burst set is carrier frequency dependent
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number (L) is 2~4.
· For frequency range category #B (e.g., 6 ~ 60GHz), the number (L) is 32~64.
Proposal 2: For NR, a new type of SS, i.e., NR-TSS, is introduced to indicate at least the SS block index within an SS burst set. 
Proposal 3: NR should support time division multiplexing of consecutive NR-PSS/SSS/PBCH symbols per NR-SS block in both single beam and multi-beam scenario and the NR-DMRS/TSS should be IFDMed within NR-PBCH symbols to indicate the NR-SS block indices.
Proposal 4: The construction of NR-DMRS/TSS is sequence based. 
[bookmark: _GoBack]Observation 3: 1/4 REs in a NR-PBCH symbol can be used for NR-DMRS/TSS to get trade-off between overhead and PBCH performance
Proposal 5: For each frequency band, the NR-SS block mapping pattern is fixed/predefined and irrespective of the multiplexed data/control channels.
Proposal 6: For each frequency band, a default NR-SS slot time duration should be defined to describe the mapping pattern of SS blocks:
· For below 6 GHz, a NR-SS slot has 1ms time duration, equivalent to a slot with 14 OFDM symbols (e.g., #0~#13 OFDM symbol) with SCS=15kHz and NCP
· For above 6GHz, a NR-SS slot has 0.25ms time duration, equivalent to a slot with 14 OFDM symbols (e.g., #0~#13 OFDM symbol) with SCS=60kHz and NCP
Proposal 7:
· The mapping of NR-SS blocks should avoid the collision with UL/DL control channel.  
· Consider the NR-SS block mapping options in Figure 5 and Figure 6.
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Appendix A: Evaluation assumptions for SLS
	Parameters
	SLS Assumption

	Carrier frequency
	30GHz

	Channel Model
	Follow TR 38.900

	# of Cells
	19

	Sectors per cell 
	3

	Layout
	Single layer, Macro layer: Hex. Grid [TR38.802 Table A.2.1-1]

	Minimum BS-UE (2D) distance
	35m [TR36.897]

	Minimum UE-UE (2D) distance
	3m [TR36.843]

	UE distribution 
	10 users per macro TRP, 80% indoor and 20% outdoor [TR38.802 Table A.2.1-1]

	System Bandwidth
	80 MHz

	Criteria for selection of serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered.

	BS Tx power 
	43dBm [TR38.802 Table A.2.1-1]

	BS antenna height
	25m [TR38.802 Table A.2.1-1]

	UE noise figure 
	13dB [TR38.802 Table A.2.1-1]

	Antenna configuration at the TRP
	(8,16,2)/(4,8,2)with directional antenna element (HPBW=650, directivity gain 8dB)

	Azimuth Angle range for TRP
	[-600,  600] 

	Elevation Angle range for TXP
	[1000,  1350]

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

	BS antenna element gain + connector loss
	Follow TR38.802 Table A.2.1-4

	UE antenna gain
	Follow the modeling of TR36.873

	Antenna port virtualization
	1 TXRU per polarization per panel

	Analog beamforming 
	DFT codebook




Appendix B: Evaluation assumptions for LLS
	Parameters
	Below 6GHz

	Bandwidth
	7.65MHz

	Subcarrier spacing
	30kHz

	Carrier frequency
	4GHz

	FFT size
	512

	Delay spread
	100ns, 1000ns

	Modulation
	QPSK

	Antenna configuration
	2x2

	Period
	40ms / 4times repetition

	Tx scheme
	SISO, 1-port precoder cycling, 2-port SFBC

	Velocity
	3km/h, 120km/h

	Channel model
	TDL-C (mid corr)

	Channel estimation
	2D MMSE

	Channel coding
	1/3 TBCC

	CFO
	TRP: +/- 0.05 ppm, UE: +/- 0.1ppm
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