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1. Introduction
At the RAN1#89 meeting, following agreements related to NR-SS burst set composition were reached [1].
	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


In this contribution, we discuss further on SS burst set composition. 
2. Discussion on SS burst set composition

2.1. Design principle for SS burst set composition
As described in previous section, RAN1 agreed that a few number of symbols are reserved for DL and UL control at the beginning and ending of the slot of 14 OFDM symbols (at the beginning and ending of two consecutive slots of 14 symbols each in case of 240 kHz subcarrier spacing). Based on the agreements, at least a certain number of symbols for possible DL/UL control region in each slot does not collide with possible SS block location(s) when SS block and data/control use the same subcarrier spacing in a carrier frequency. However, since there may be a case where SS block and data/control use different subcarrier spacing in a carrier frequency, e.g., for URLLC service, possible SS block location(s) based on certain subcarrier spacing may collide with possible DL/UL control region in a slot based on different subcarrier spacing. Therefore, RAN1 should carefully define possible SS block locations in a slot so that any significant issue or limitation is not caused even when SS block and data/control use different subcarrier spacing in a carrier frequency.
Proposal 1: RAN1 should carefully define possible SS block locations in a slot so that any significant issue or limitation is not caused even when SS block and data/control use different subcarrier spacing in a carrier frequency.
2.2. SS burst set composition for sub-6 GHz frequency range
In sub-6 GHz frequency range, subcarrier spacing of 15 kHz, 30 kHz and 60 kHz (FFS for bands below 1 GHz) are available for data/control while either subcarrier spacing of 15 kHz or 30 kHz will be defined as default subcarrier spacing for each frequency band. Therefore, possible SS block locations in a slot based on 15/30 kHz subcarrier spacing should not cause any significant issue or limitation for data/control based on 15/30/60 kHz subcarrier spacing. Regarding possible DL/UL control region, we can assume followings based on RAN1 agreements and working assumptions.
· Possible DL control region is one, two or three OFDM symbols duration in a slot

· Possible UL control region (for PUCCH in short duration) is one or two OFDM symbols duration in a slot

· At least one OFDM symbol duration just before UL signal/channel needs to be used as guard period (GP) for UL transmission with timing advance

Based on above principle and possible DL/UL control region, we propose a SS burst set composition for sub-6 GHz frequency range as shown in Figure 1.
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Figure 1: Proposed SS burst set composition for sub-6 GHz frequency range
As shown in Figure 1, the proposed SS burst set composition can ensure at least two OFDM symbols duration for DL control region every 0.5 ms in case of 30/60 kHz subcarrier spacing for data/control irrespective of SS block subcarrier spacing. Also for UL control region with minimum required GP, the proposed SS burst set composition can ensure at least two OFDM symbols duration every 0.5 ms in case of 30/60 kHz subcarrier spacing data/control irrespective of SS block subcarrier spacing. In addition, if DL/UL control region every 0.25 ms in case of 60 kHz subcarrier spacing for data/control is required e.g., for URLLC service when SS subcarrier spacing is 30 kHz, SS block #0 and SS block #3 can be skipped for actual transmission as shown in Figure 2. In such case, at least two OFDM symbols duration for each DL and UL control region every 0.25 ms can be ensured at the cost of limitation of number of SS blocks within SS burst set for actual transmission.
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Figure 2: Proposed SS burst set composition for sub-6 GHz frequency range with skipping some SS block locations for actual transmission
It is difficult to achieve such protection of DL/UL control region in every slot for 60 kHz subcarrier spacing when SS subcarrier spacing is 15 kHz. However, this difficulty would be applicable to any SS burst set composition for 15 kHz subcarrier spacing. So, for frequency bands with 15 kHz SS subcarrier spacing, other solution for URLLC can be applied e.g., mini-slot based solution with the same 15 kHz subcarrier spacing. 
Proposal 2: SS burst set composition for sub-6 GHz frequency range should be defined as follows.

· For 15 kHz SS block subcarrier spacing
· 1st SS block location in a slot of 14 OFDM symbols is OFDM symbol #2-#5

· 2nd SS block location in the slot is OFDM symbol #8-#11
· For 30 kHz SS block subcarrier spacing
· 1st SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #4-#7 in 1st slot
· 2nd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #8-#11 in 1st slot
· 3rd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #2-#5 in 2nd slot
· 4th SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #6-#9 in 2nd slot
2.3. SS burst set composition for above-6 GHz frequency range
In above-6 GHz frequency range, subcarrier spacing of 60 kHz and 120 kHz are available for data/control while either subcarrier spacing of 120 kHz or 240 kHz will be defined as default subcarrier spacing for each frequency band. 
Based on the same principle with sub-6 GHz case, the possible SS burst set composition can be shown as Figure 3.
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Figure 3: Possible SS burst set composition for above-6 GHz frequency range assuming SS block composition based on four symbols
On the other hand, as argued in [2-3], there is a concern on possible delay due to PBCH reading during RRM measurement and handover [4], and hence it would be beneficial to use three symbols for NR-PBCH i.e., SS block composition based on five symbols in above-6 GHz frequency range in order to improve NR-PBCH performance especially if NR-PBCH carries at least part of SS block index information and NR-PBCH payload size is large.

Considering our proposed SS block index indication, PBCH payload size and corresponding SS block composition [2-3,5], we propose a SS burst set composition for above-6 GHz frequency range based on SS block composition with five symbols as shown in Figure 4.
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Figure 4: Proposed SS burst set composition for above-6 GHz frequency range assuming SS block composition based on five symbols
Proposal 3: SS burst set composition for above-6 GHz frequency range should be defined as follows.

· For 120 kHz SS block subcarrier spacing
· 1st SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #4-#8 in 1st slot
· 2nd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #9-#13 in 1st slot
· 3rd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #0-#4 in 2nd slot
· 4th SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #5-#9 in 2nd slot
· For 240 kHz SS block subcarrier spacing
· 1st SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #8-#12 in 1st slot

· 2nd SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #13 in 1st slot and OFDM symbol #0-#3 in 2nd slot
· 3rd SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #4-#8 in 2nd slot

· 4th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #9-#13 in 2nd slot
· 5th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #0-#4 in 3rd slot

· 6th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #5-#9 in 3rd slot

· 7th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #10-#13 in 3rd slot and OFDM symbol #0 in 4th slot
· 8th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #1-#5 in 4th slot
3. Conclusion

In this contribution, we discussed further on SS burst set composition, and we made following proposals.

Proposal 1: RAN1 should carefully define possible SS block locations in a slot so that any significant issue or limitation is not caused even when SS block and data/control use different subcarrier spacing in a carrier frequency.

Proposal 2: SS burst set composition for sub-6 GHz frequency range should be defined as follows.

· For 15 kHz SS block subcarrier spacing
· 1st SS block location in a slot of 14 OFDM symbols is OFDM symbol #2-#5

· 2nd SS block location in the slot is OFDM symbol #8-#11
· For 30 kHz SS block subcarrier spacing
· 1st SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #4-#7 in 1st slot

· 2nd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #8-#11 in 1st slot

· 3rd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #2-#5 in 2nd slot

· 4th SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #6-#9 in 2nd slot
Proposal 3: SS burst set composition for above-6 GHz frequency range should be defined as follows.

· For 120 kHz SS block subcarrier spacing
· 1st SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #4-#8 in 1st slot

· 2nd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #9-#13 in 1st slot

· 3rd SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #0-#4 in 2nd slot

· 4th SS block location in two consecutive slots of 14 OFDM symbols each is OFDM symbol #5-#9 in 2nd slot
· For 240 kHz SS block subcarrier spacing
· 1st SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #8-#12 in 1st slot

· 2nd SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #13 in 1st slot and OFDM symbol #0-#3 in 2nd slot

· 3rd SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #4-#8 in 2nd slot

· 4th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #9-#13 in 2nd slot
· 5th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #0-#4 in 3rd slot

· 6th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #5-#9 in 3rd slot

· 7th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #10-#13 in 3rd slot and OFDM symbol #0 in 4th slot

· 8th SS block location in four consecutive slots of 14 OFDM symbols each is OFDM symbol #1-#5 in 4th slot
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