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1. Introduction
In RAN1 #89 meeting, the agreements for SS burst set composition were made as follows [1]:

	Agreements: (RAN1 #89)

· 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
· 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 discuss further for SS burst set composition.
2. Discussion
SS Burst composition
In NR, it was agreed that DL control channel(s) is located at the first OFDM symbol(s) in a slot and/or mini slot, and guard period and UL control channel(s) are located around the last transmitted OFDM symbol(s) of a slot. SS burst can be configured as shown in the Figure 1.
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Figure 1. Example of SS Burst composition for SCS 15kHz/ 30kHz
Also, we have to discuss SS burst composition for the multiplexing of SS block and data, which have different SCS (e.g. SCS of SS block: 15 kHz, SCS of data: 30 kHz). Possible SCS for SS block are 15 kHz or 30 kHz for below 6 GHz, and possible SCS for data are 15 kHz, 30 kHz or 60 kHz for below 6 GHz. Multiplexing of SS block with 15 kHz SCS and data with 30 kHz SCS can be configured when UE operate within from 3GHz to 6GHz bandwidth. Also, for URLLC, multiplexing of SS block with 15 kHz or 30 kHz SCS and data with 60 kHz SCS can be configured. However, we assume that multiplexing of SS block with 30 kHz SCS and data with 15 kHz SCS is not normal configuration for NR system, so multiplexing of SS block with 30 kHz SCS and data with 15 kHz SCS is not defined in this contribution. The burst compositions for below 6 GHz are as shown in the Figure 2.
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(a) SCS of SS block: 15 kHz, SCS of data: 30 kHz
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(b) SCS of SS block: 30 kHz, SCS of data: 60 kHz
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(c) SCS of SS block: 15 kHz, SCS of data: 60 kHz
Figure 2. Burst composition for multiplexing of different SCS (Below 6GHz)
As shown in Figure 2 (a) and (b), even though SCS of SS block and SCS of data is different, SS block does not collide over DL/UL control and guard period. However, the multiplexing case of 15 kHz SS block and 60 kHz data (like Figure 2 (c)) can’t use guard period and UL control of first slot, and DL control of Second slot. In this case, first slot have to be defined to downlink only slot.
Proposal 1: It should be considered SS burst composition when SS block and data subcarrier spacing is different. In this case, downlink only slot can be configured for the multiplexing case of 15 kHz SS block and 60 kHz data.
In addition to below 6 GHz, we should discuss above 6 GHz case. Possible SCS for SS block are 120 kHz or 240 kHz for above 6 GHz, and possible SCS for data are 60 kHz or 120 kHz for above 6 GHz. The burst compositions for below 6 GHz are as shown in the Figure 3.
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(a) SCS of SS block: 120 kHz, SCS of data: 60 kHz
[image: image6.emf]T

F

Slot

SCS: 240 kHz

SCS: 60 kHz

DL Contorl

Guard period

UL Control

Slot

SCS: 60 kHz

DL Contorl

Guard period

UL Control

Slot

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

DL Contorl

DL Contorl

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

Slot

SCS: 120 kHz  

DL Contorl DL Contorl

Guard period

UL Control

Guard period

UL Control DL Contorl

Slot

SCS: 120 kHz  

DL Contorl DL Contorl

Guard period

UL Control

Guard period

UL Control DL Contorl

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)

SS Block

(240kHz)


(b) SCS of SS block: 240 kHz, SCS of data: 60 kHz, 120 kHz
Figure 3. Burst composition for multiplexing of different SCS (Above 6GHz)

As shown in Figure 3 (a) and (b), even though SCS of SS block and SCS of data is different, SS block does not collide over DL/UL control and guard period. In addition, the burst compositions for above 6 GHz always use same SS block position for SCS 60 kHz, 120 kHz, and 240 kHz. That property can be useful for UE behavior (e.g. measurement or combine). 
Proposal 2: Above 6GHz, SS burst composition as shown in Figure 3 should be considered when SS block and data subcarrier spacing is different. Also, it has additional benefit in terms of UE operation.
SS burst set composition
From the agreement of RAN1#89 meeting, the transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity. Therefore, we should discuss how to locate L possible SS blocks within a 5 ms window. The number of possible SS block location (L) is 4 for up to 3 GHz, 8 for from 3GHz to 6GHz, and 64 for from 6 GHz to 52.6 GHz. For URLLC support, SS block should be distributed within 5 ms window. If SS block is localized, there are no flexibility for network. As shown in Figure 4, SS block should be as broad as possible in 5 ms window.
Proposal 3: NR should consider SS block should be as broad as possible in 5 ms window.
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(a) SCS of SS block: 15 kHz
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(b) SCS of SS block: 30 kHz
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(c) SCS of SS block: 120 kHz
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(d) SCS of SS block: 240kHz
Figure 4. Example of SS Burst set composition
Actually transmitted SS Block indication
For initial access, NR can consider that candidate position for SS block transmission within SS burst set periodicity is specified. Also, in RAN1#88 meeting, it was agreed that the position(s) of actual transmitted SS Blocks can be informed for CONNECTED/IDLE mode UE. RMSI can be used for indication of actually transmitted block. It can reduce the blind decoding burden of the UE when measurement is performed. In this case, network can have a flexibility to utilize resource according to the network condition. However, according to the configuration method to inform actually used SS Block, flexibility to compose SS burst set could be different. For actually transmitted SS Block indication, RMSI bitmap can be used. From the last meeting, max 8 SS blocks can be transmitted below 6 GHz. Therefore, actually transmitted SS Block indication below 6 GHz demand 8bit information.

However, max 64 SS blocks can be transmitted above 6 GHz. In other words, 64 bit information is demanded for actually transmitted SS block indication. RMSI cannot include 64 bit information for actually transmitted SS block. Thus, 64 SS blocks divide 8 SS burst unit, and each SS burst unit has 8 SS blocks. Just using 8bit information, UE can detect SS burst units which actually transmitted SS block is located. In addition to this, additional information can be defined for indication of actually transmitted SS block within each SS burst unit.
Proposal 4: For actually transmitted SS block indication, N bit bitmap can be introduced. 
· For below 6 GHz, bitmap has information about actually transmitted SS block.
· For above 6 GHz, bitmap has information about SS burst units which actually transmitted SS block is located. Also, addition information can be defined for indication of actually transmitted SS block within each SS burst unit.
For neighbor cell measurement, network also should indicate neighbor cell’s actually transmitted SS block to UE. However, it is too large burden for UE to decode RMSI of neighbor cell. There are two alternatives for UE to obtain information about neighbour cell’s actually transmitted SS block.
· Alt.1: Same as serving cell. (if change is needed, network will configure)
· Alt.2: Predefined default format for neighbor cell. (if change is needed, network will configure)
Proposal 5: For actually transmitted SS block indication of neighbor cell, it is too large burden for UE to decode RMSI of neighbor cell, so two alternatives are introduced.

· Alt.1: Same as serving cell. (if change is needed, network will configure)

· Alt.2: Predefined default format for neighbor cell. (if change is needed, network will configure)

3. Conclusion
In this contribution, we further discuss on SS burst composition, SS burst set composition, and actually transmitted SS Block indication. From the discussion, we propose as follow:
Proposal 1: It should be considered SS burst composition when SS block and data subcarrier spacing is different. In this case, downlink only slot can be configured for the multiplexing case of 15 kHz SS block and 60 kHz data.

Proposal 2: Above 6GHz, SS burst composition as shown in Figure 3 should be considered when SS block and data subcarrier spacing is different. Also, it has additional benefit in terms of UE operation.

Proposal 3: NR should consider SS burst set composition to place SS blocks within a 5 ms window.
Proposal 4: For actually transmitted SS block indication, N bit bitmap can be introduced. 

· For below 6 GHz, bitmap has information about actually transmitted SS block.

· For above 6 GHz, bitmap has information about SS burst units which actually transmitted SS block is located. Also, addition information can be defined for indication of actually transmitted SS block within each SS burst unit.
Proposal 5: For actually transmitted SS block indication of neighbor cell, it is too large burden for UE to decode RMSI of neighbor cell, so two alternatives are introduced.
· Alt.1: Same as serving cell. (if change is needed, network will configure)

· Alt.2: Predefined default format for neighbor cell. (if change is needed, network will configure)
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