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1 Introduction
In RAN1 #89 [1], it was agreed on SS burst set composition as follows,

Agreements:
· For the possible SS block time locations following mapping is followed:

· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols

· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing

· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols

· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing

· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols

· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing

· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing
· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation

Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
In this contribution, we provide further considerations and our view on the synchronization channel designs in terms of the SS block composition; the deployment of SS burst set and corresponding information bits carried by the SS block.
2 SS block composition
It was agreed that the NR-PSS is mapped before the NR-SSS with the following options wrt to the two PBCH symbol: 
· Option 1: PSS-SSS-PBCH-PBCH

· Option 2: PSS-PBCH-SSS-PBCH

· Option 3: PBCH-PSS-SSS-PBCH

· Option 4: PSS-PBCH-PBCH-SSS
As mentioned in [2], Option 1 detection procedure eases the implementation of the receiver since the demodulation of PBCH could be performed immediately right after the detection of NR-SSS without buffering the previously received data, compared to Option 2. In addition, PBCH DMRS can have a power offset with respect to NR-PSS/SSS, i.e., power boosting can be performed for NR-PSS/SSS, not for NR-PBCH.  Option 1 can also avoid time consumption and implementation complexity for power amplifier to power ramp-up or ramp-down.
Option 2 puts the NR-SSS in the middle of two PBCH symbols, then the NR-SSS has equal symbol offset from the two PBCH symbols, which may have slightly benefit if using NR-SSS to demodulate the NR-PBCH. However, the evaluation results in Figure 2 show no performance improvement. 
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                     (a)Option 1                 (b) Option 2                 (c) Option 3                (d) Option 4





                 Figure 1: SS block composition

Figure 2 compares the performance between option 1 and option 2 and we follow the same line as the simulation assumptions in [3]. The blue curve is drawn from the results that the PBCH is purely demodulated by DMRS, while the green curve is drawn from the results that the PBCH is demodulated by SSS+DMRS. We use DMRS to demodulate the PBCH only on the RBs that does not contain SSS. It shows negligible difference in performance between Option 1 and Option 2 even in the case of UE speed at 120km/h.
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Figure 2: Evaluation for Option 1 and Option 2
3 SS block mapping into slot

From last meeting agreements, for the SCSs of 15 kHz, 30 kHz and 120 kHz, there are at most two SS block (SSB) time locations within a slot of 14 symbols. For the SCS of 240 kHz, at most four possible SSB time locations are mapped to two consecutive slots of 14 symbols each. Based on the proposals presented in [5], we further narrow down the choices for the mapping of SS block time locations as follows. 
1) 15 kHz SCS

For 15kHz SCS, at least 1 or 2 symbols are preserved at the beginning of the slot, at least 2 symbols are preserved at the end of the slot and the SSB does not cross the middle of the slot of 14 symbols. Hence we have the following proposals. 
Figure 3 (a) and (b) illustrates a pattern of SSB mapping in a slot defined by 15kHz SCS, which has 7 symbols and 14 symbols, respectively. To allow the transmission of DL control and UL control with SSB together in the 7 symbol slot, 1 symbol is preserved at the beginning of the 7-symbol slot, 2 symbols are preserved at the end of the slot and only one SSB is mapped within the slot. 
Note that as defined in TR38.802 for NR, for initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given bythe  specification. Hence, the UE does not need to differentiate the SSB is mapped in the 7-symbol slot or 14-symbol slot.
In our design, to align the patterns of 7-symbol slot and 14-symbol slot, the mapping of SSB in the first half slot of 14 symbols is the same as the one in the 2nd half slot of 14 symbols, i.e., a uniform mapping. 
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(a)  Pattern-1 for 7-symbol slot
(b) Pattern-1 for 14-symbol slot
Figure 3: SSB mapping for 15kHz SCS slot
Proposal 1: For the 15 kHz SCS slot, 1 symbol is preserved at the beginning of the slot and 2 symbols are preserved at the end of the slot, for both the 7-symbol or 14-symbol slot. For the 14 symbol slot, an interval of 3 symbols separates the two SS blocks. 

2) 30 kHz SCS

For 30kHz SCS, at least 3 symbols should be preserved at the end of the slot to avoid intra-band interference between 30 kHz SSB and 15 kHz data.  This is illustrated in Figure 4. 
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Figure 4: Misalignment between 15kHz-data and 30kHz-SSB
Figure 5 summarized all possible patterns of SSB mapping in a slot of 14 symbols defined by 30kHz SCS where at least 1 symbol is preserved at the beginning of the slot and at least 3 symbols are preserved at the end of the slot. 
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(a) Pattern-2 for 14-symbol slot
(b) Pattern-3 for 14-symbol slot
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(c) Pattern-4 for 14-symbol slot
(d) Pattern-5 for 14-symbol slot
(e) Pattern-6 for 14-symbol slot
Figure 5: SSB mapping for 30 kHz SCS slot 
It was agreed that the SSB mapping in a slot with 14 symbols does not preclude 7-symbol slot operation. Only Pattern-2 allows DL/UL switching operation at the end of 7-symbol slot. Thus, for 7 symbols 30 kHz slot, two mappings are proposed as shown below.
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(f) Pattern-1
(g) Pattern-2

Figure 6: SSB mapping in a slot of 7 symbols defined by 30 kHz

Proposal 2: For the 30 kHz SCS slot:  
· For 14-symbol slot, at least 1 symbol is preserved at the beginning of the slot, at least 3 symbols are preserved at the end of the slot and two possible SS block time locations are mapped to the slot with the interval of 2 symbols in the middle to these two SS blocks (Figure 5a).
· For 7-symbol slot, two patterns are supported). SS block starts at the 1st or the 2nd symbol of the slot.
3) 120kHz SCS

For the SCS of 120kHz, it was agreed that at least 2 symbols are preserved for DL/UL control at the beginning/end of the slot. However, as shown in Figure 7, to avoid UL/DL interference in the same frequency band, at least 3 symbols should be preserved at the end of the slot defined by 120kHz SCS.
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Figure 7: Misalignment between 60 kHz data and 120 kHz SSB
Therefore, only Pattern-4/5/6 is feasible for the slot defined by 120kHz SCS.  To aggregate the SSBs, Pattern-5/6 are supported for the slot defined by 120kHz SCS.
Proposal 3: For the 120 kHz SCS slot, supporting SS block starts at the 3rd and 4th symbol of the slot.

4) 240kHz SCS

For the SCS of 240kHz, it was agreed that at least 4 symbols are preserved for DL/UL control at the beginning/end of the first/second one of the consecutive two slots.  To avoid UL/DL interference in the same frequency band, at least 6 symbols should be preserved at the end of the slot defined by 240kHz SCS
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(a) Pattern-7 for two consecutive slots with 14 symbols each
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(b) Pattern-8 for two consecutive slots with 14 symbols each

Figure 8: SS block mapping in the slot defined by 240kHz SCS
Proposal 4:  For the 240 kHz SCS slot, SS block starts at the 5th or 7th symbol of the slot.
4 SS burst set composition

In [1], it has been agreed that the SS burst set should be transmitted within 5ms. As summarized above, the maximum number of SS blocks in an SS burst set has also been agreed. In this section, we consider the SS bursts mapping alternatives within the SS burst set, based on examples where 4 SS blocks per SS burst [4]. 
In the following figures, examples of SS burst set compositions are illustrated for 15kHz and 30kHz SCSs with at most 8 SS blocks as well as for 120kHz and 240kHz SCSs with at most 64 SS blocks. Examples with 4 SS blocks per burst are not shown since there is only a single burst in such cases based on the assumption that there are 4 SS blocks per SS burst. These examples below allow identification of the SS blocks within the same burst and among different SS bursts in the SS burst set based on the distinct mapping of the SS bursts for each of the respective SCS and maximum supported SS blocks. 
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Figure 9: SS burst set composition for 15kHz, 8 SSBs
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Figure 10: SS burst set composition for 30kHz, 8 SSBs
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                                             Figure 11: SS burst set composition for 120kHz, 64 SSBs
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Figure 12: SS burst set composition for 240kHz, 64 SSBs
These distinct SS bursts mapping provide the added benefits of reduced blind decoding attempts with either explicit and/or implicit indication schemes.                                          

Proposal 5: NR should support the SS burst set compositions that facilitate blind decoding at the receiver.   
5 Indication of actual transmitted SS blocks
The actual transmitted SS blocks can be a subset of the maximum configuration. With this information, 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 use RRC signaling. In addition to the benefit on UE measurements, the resource of unoccupied SS block positions can be scheduled to receive data/control signal to improve the spectral efficiency.

For IDLE mode UE, the position of actual transmitted SS blocks can be informed to the UE in NR-PBCH. Alternatively, SIB can be used. However, it is preferred to carry this information in PBCH since it will ease the UE to perform SS-based measurement. 

Proposal 6: For IDLE mode UE, the position of SS blocks can be informed to the UE using NR-PBCH or SIB. For CONNECTED mode UE, the position of SS blocks can be informed to the UE through NR-PBCH or RRC signaling.
6 Conclusion
In this contribution, we discussed the SS block composition, SS burst set composition and indication of actually transmitted SS blocks.  We have the proposals as follows,
Proposal 1: For the 15 kHz SCS slot, 1 symbol is preserved at the beginning of the slot and 2 symbols are preserved at the end of the slot, for both the 7-symbol or 14-symbol slot. For the 14 symbol slot, an interval of 3 symbols separates the two SS blocks.
Proposal 2: For the 30 kHz SCS slot:  

· For 14-symbol slot, at least 1 symbol is preserved at the beginning of the slot, at least 3 symbols are preserved at the end of the slot and two possible SS block time locations are mapped to the slot with the interval of 2 symbols in the middle to these two SS blocks (Figure 5a).
· For 7-symbol slot, two patterns are supported). SS block starts at the 1st or the 2nd symbol of the slot.

Proposal 3: For the 120 kHz SCS slot, supporting SS block starts at the 3rd and 4th symbol of the slot.

Proposal 4:  For the 240 kHz SCS slot, SS block starts at the 5th or 7th symbol of the slot.

Proposal 5: NR should support the SS burst set compositions that facilitate blind decoding at the receiver.  
Proposal 6: For IDLE mode UE, the position of SS blocks can be informed to the UE using NR-PBCH or SIB. For CONNECTED mode UE, the position of SS blocks can  be informed to the UE through NR-PBCH or RRC signaling.
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Appendix 
Table 1. Link-level evaluation assumptions
	
	Below 6GHz

	Carrier Frequency
	4 GHz

	Channel Model
	CDL-C for 4 GHz

· with delay scaling values of 300ns

· 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)
	15 kHz

	SNR range
	> -6dB

	UE speed
	120 km/h 

	Search window
	The time window to search (correlate) NR-PSS. It depends on the periodicity of NR-SS transmission. The value needs to be provided by each proponent

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm

UE: uniform distribution +/- 5, 10, 20  ppm

	Number of interfering TRPs 
	1. 0 TRP: mandatory

































































5

