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1 Introduction
During RAN1#89 meeting, the following agreements on SS burst set composition are achieved [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
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, the design considerations the possible SS block locations are discussed. 
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2 SS burst set composition 
For NR, similarly to LTE, we will use the terminology of frame, slot and OFDM symbol to describe the mapping of SS blocks within a SS burst set. According to the LS from RAN4 [R4-1704223], the potential subcarrier spacing is listed for each frequency range category.  
1. SCS supported for bands below 1 GHz
0. 15kHz, 30kHz
0. The decision of supporting 60kHz is pending RAN1 check
1. SCS supported for bands between 1GHz and 6GHz
1. 15kHz, 30kHz, 60kHz
1. SCS supported for bands above 24GHz and below 52.6GHz
2. 60 kHz, 120kHz
2. 240kHz is not applicable for data
· 240kHz for data can be further considered if a clear benefit is shown 
1. SCS support is band dependent

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. 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 1: For each frequency band, the NR-SS block mapping pattern is fixed/predefined.

According to the agreement in RAN1#89, the transmission of SS blocks within an SS burst set is confined to a 5ms window regardless of SS burst set periodicity. According to the agreement in RAN1 #88[2], the association between a frequency band and single set of default parameters (SCS) will be defined in RAN4. According to our RAN 4 proposal [3], we choose 15kHz as SCS for below 3GHz band and 30kHz as SCS for 3GHz~6GHz band. Therefore, the maximum number of SS block for 15kHz SCS will be 4 and maximum number of SS block for 30kHz SCS will be 8. 

As shown in FIGURE 1, there are two alternatives to map SS blocks to SS burst set for below 6GHz NR. For Alt 1: max 4 NR-SS blocks require 2ms in case of SCS=15kHz and each 1ms subframe include max 2 NR-SS blocks; in case of SCS=30kHz, max 8 NR-SS blocks require 2ms and each 1ms include max 4 NR-SS blocks. In Alt 2, max 4 NR-SS blocks require 4 ms in case of 15kHz and each 1ms subframe include max 1 NR-SS; in case of SCS=30kHz, max 8 NR-SS blocks require 4ms and each 1ms includes max 2 NR-SS.  

  

As shown in FIGURE 1, the two alternatives of NR-SS block pattern are considered for below6GHz:
· Alt1: 
· For SCS=15kHz, max 4 SS blocks require 2 ms and each 1ms subframe includes max 2 NR SS blocks. These two consecutive NR-SS blocks are located in #3~#10 symbol of the 14-symbol slot.
· For SCS=30kHz, max 8 SS blocks require 2ms and each 0.5ms subframe includes max 2 NR SS blocks. Two consecutive NR-SS blocks are located in #3~#10 symbol of the 14-symbol slot.
· Alt2: 
· For SCS=15kHz, max 4 SS blocks require 4ms and each 1ms subframe includes max 1 NR SS block. The NR-SS block is located in #2~#5 symbol of the 14-symbol slot
· For SCS=30kHz, max 8 SS blocks require 4ms and each 1ms includes max 2 NR SS block. There are two slots within 1ms. These two consecutive NR-SS blocks are located in #4~11 of 14-symbol in the first slot.





Alt 1




Alt2
FIGURE 1 SS block mapping for below 6GHz NR

In Alt1, the NR-SS blocks start from #3 symbol and there are 3 symbols remained for possible PDCCH. If we consider LTE and NR co-existence, the beginning 2 symbols within the 14-symbol slot of SCS=15kHz is not overlapped with LTE PDCCH as well as the CRS with normal CP (NCP). In this case, there is still symbol#2 remaining for NR PDCCH in the slot for NR data scheduling. Even if the LTE 12-symbols slot with extended CP (ECP), the NR-SS blocks do not overlap with the 2-symbol LTE PDCCH and CRS. 

[bookmark: _GoBack]If we consider the SCS of DL/UL control may be different from that of SS blocks, Alt2 can guarantee that there is no confliction between the mapping of SS blocks and UL/DL control. For example, if we only leave two OFDM symbols under subcarrier spacing of 30kHz, then the preserved two OFDM symbols with 30kHz SCS is not enough for DL control with subcarrier spacing of 15kHz. This will lead to mapping confliction of DL/UL control with SS blocks for below 6GHz NR when control and SS block use different numerologies. Furthermore, Alt2 considers to reduce the delay in URLLC and dynamic TDD scenario. 

Proposal 2: For below 6GHz NR, the SS block mapping patterns shown in FIGURE 1 should be considered for SS burst set composition.   

For above 6GHz NR, the NR-SS burst set is located at the beginning of 5ms measurement window. As shown in FIGURE 2 (a), max 64 NR-SS blocks require 4ms in case of SCS=120kHz and each 1ms include max 16 NR-SS blocks in FIGURE 2 (b), max 64 NR-SS blocks require 2ms in case of SCS=240kHz and each 1ms include max 32 NR-SS blocks.



(a) SCS=120kHz for NR-SS blocks


(b) SCS=240kHz for NR-SS blocks
FIGURE2 NR-SS burst set mapping for above 6GHz NR




As shown in FIGURE 3, the two alternatives of NR-SS block pattern are considered for above6GHz:
· Alt1: 
· For SCS=120kHz, 2 consecutive NR-SS blocks are located in #3~#10 symbol of the 14-symbol slot.
· For SCS=240kHz, there are two slots within 0.125ms. 2 consecutive NR-SS blocks are located in #6~#14 symbol of the 1st slot and 2 consecutive NR-SS blocks are located in #0~7 of the 2nd slot
· Alt2: 
· For SCS=120kHz, there are two slots within 0.25ms. 2 non-consecutive NR-SS blocks are located in #4~#11 symbol of the 1st slot and 2 non-consecutive NR-SS blocks are located in #2~#9 symbol of the 2nd slot.
· For SCS=240kHz, there are four slots within 0.25ms. 4 consecutive NR-SS blocks with 16 symbols are located starting from #8 symbol of the 1st slot and another 4 consecutive NR-SS blocks with 16 symbols are located starting from #4 symbol of the 3rd slot. 

If we consider the SCS of DL/UL control may be different from that of SS blocks, Alt2 can guarantee that there is no confliction between the mapping of SS blocks and UL/DL control.



Alt1


Alt2

FIGURE 3 SS block mapping for above 6GHz

Proposal 3: For above 6GHz NR, the SS block mapping patterns shown in FIGURE 3 should be considered for SS burst set composition.   

Proposal 4: SS blocks comprising an SS burst set shall be mapped in max 2~4ms duration, starting from a beginning of a frame or a half-frame.

3 Conclusions
This contribution has examined design issues related to the NR SS burst set. The following observations and proposals are made: 

Proposal 1: For each frequency band, the NR-SS block mapping pattern is fixed/predefined.

Proposal 2: For below 6GHz NR, the SS block mapping patterns shown in FIGURE 1 should be considered for SS burst set composition.   

Proposal3: For above 6GHz NR, the SS block mapping patterns shown in FIGURE 3 should be considered for SS burst set composition.   

Proposal 4: SS blocks comprising an SS burst set shall be mapped in max 2~4ms duration, starting from a beginning of a frame or a half-frame.
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