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In RAN1 AdHoc meeting in June [1], the SS burst set composition in terms of mapping of SS blocks to slots have been finalized. However, it was noted in the agreement that for NR and LTE coexistence, duplex direction alignment can be achieved by subframe offset. 

In addition, in RAN1 #89 it was agreed that the actual transmitted SS blocks would be carried in NR-MIB: 
· Following contents are carried in NR-MIB
·  [Information on actual transmitted SS block(s): [0 - x] bits]
In this contribution, we discuss both the subframe offset and also the signaling scheme for the actual transmitted SS blocks indications. 

SS Burst Set Mapping into Radio Frame
In this section, we analyze the necessity of subframe offset for slot mapping.
It was agreed in RAN1#89 that the transmission of SS blocks (SSBs) within SS burst set is confined to a 5ms window regardless of SS burst set periodicity. It was further agreed in RAN1#NR-AH2, in case of 15kHz SCS, the SS burst set with maximum 4 or 8 SSBs is transmitted within 2ms or 4ms, respectively; in case of 30kHz SCS, the SS burst set with maximum 4 or 8 SSBs is transmitted within 1ms or 2ms, respectively; in case of 120kHz SCS, the SS burst set with maximum 64 SSBs is transmitted within 5ms and in case of 240kHz SCS, it is transmitted within 2.5ms. So, in case of 15kHz SCS, the SS burst set occupies 2 or 4 consecutive DL subframes; in case of 30kHz, it occupies 1 or 2 consecutive DL subframes; and it occupies 5 consecutive DL subframes in case of 120kHz SCS and 2.5 consecutive DL subframes.  
Figure 1 shows the NR frame structure with its slot configurations for the different SCS for normal CP. One DL subframe may contain maximum 2 SSBs for 15 kHz SCS, maximum 4 SSBs for 30kHz SCS, maximum 14 SSBs for 120kHz SCS and maximum 28 SSBs for 240kHz SCS, respectively.
Figure 1: Slot configurations for normal CP
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If an SS burst set is mapped onto a UL subframe or a special subframe dominated by UL resource, a large number of SSBs cannot be transmitted. This may obstruct a complete beam sweeping over all SSBs and hence limit the coverage of synchronization and broadcast signals.   Therefore, the SS burst set should be mapped onto consecutive DL subframes to facilitate a complete beam sweeping of all SSBs. 
The DL/UL configuration has not been specified in NR TDD system.  On the other hand,  it was agreed in RAN1#87 for adjacent channel/band operation of NR and LTE in the unpaired spectrum, NR will design at least one semi-statically assigned DL/UL transmission direction configuration that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration. It is known that NR supports semi-statically and dynamic DL/UL transmission direction.  If NR always configures enough consecutive DL subframes in a half radio frame or configures these consecutive DL subframes from the beginning of a half radio frame, the SS burst set can be mapped from the beginning of the half radio frame and a complete beam sweeping can be performed.  However, this configuration limits the flexibility of DL/UL transmission direction during the radio frame.  
The LTE DL/UL configurations are shown in Table 1 below:  
Table 1:	DL/UL configurations in LTE TDD [TS36.211]
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Using the above DL/UL configurations as an example for NR, there is only one DL subframe and a part of DL resources in the special subframe at the beginning of each TDD frame.  If an SS burst set is mapped from subframe #0 at the beginning of the radio frame, the number of actual transmitted SSBs within the SS burst set cannot achieve the maximum value for the frequency ranges with 120kHz and 240kHz SCSs, as well as for the frequency range with 15kHz SCS and 8 SS blocks.  The incomplete beam sweeping of SSBs due to lack of DL resources may incur coverage issue.
Observation 1: To ensure full mapping of the SSBs per SS burst set within a frame, the DL/UL configurations need to be taken into consideration in the mapping through the use of possible Subframe Offset. 
For the frequency range with 30kHz SCS and max. 4 SSBs, the SS burst set just occupies one DL subframe.  Therefore, it is feasible to transmit up to 4 SS blocks even if the SS burst set is mapped at Subframe #0 and #5.  But it is still possible to have a subframe offset if DL subframe is not configured for dynamic DL/UL transmission directions. For other frequency ranges, a subframe offset could be introduced to adapt the mapping for different DL/UL configurations.  An example of the SS burst set positions is given in Table 2. 
Table 2: SS burst set position depending on UL/DL configurations in LTE
	UL/DL configuration
	SS burst set position (i.e., N+Δ)

	
	Subframe number (N)
	Subframe offset (Δ)
	Subframe number (N)
	Subframe offset (Δ)

	0
	0
	0
	5
	0

	1
	0
	-1
	5
	-1

	2
	0
	-2
	5
	-2

	3
	0
	0
	5
	0

	4
	0
	-1
	5
	-1

	5
	0
	-2
	5
	-2

	6
	0
	-1
	5
	0



Proposal 1: For NR-LTE coexistence, NR supports Subframe Offset of the SS burst set mapping onto the radio frame. 
[bookmark: _GoBack]
Actual Transmitted SS Block Indication
Using simple bitmap to indicate the complete actual transmitted SS blocks may result in considerable overhead consisting of 64 bits for 64 SS blocks. Hence, some optimizations would be needed.
It is noted that for the time index indication of SS block, RAN1 has decided during the Jun adhoc [1] meeting that Alt 2 [2] would be adopted 
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
A similar approach can be adapted for the indication of actual transmitted SS blocks: 
· Actual transmitted SS Burst within an SS Burst set., and
· 	Actual transmitted SS blocks within an SS Burst
Thus, first the transmitted SS burst within the SS burst set is indicated followed by an indication on the SS blocks transmitted in the SS bursts. Some examples in of bitmap approaches are given below:
· [16] bits bitmap for 16 SS bursts + [4] bits bitmap for 4 SS blocks within an SS burst; 
· [8] bits bitmap for 8 SS bursts + [8] bits bitmap for SS blocks within an SS burst;
· [4] bits bitmap for 4 SS bursts + [16] bits bitmap for SS blocks within in SS burst.

Similar to Alt 2 above, the SS blocks bitmap within an SS burst is common across the SS bursts in the above example. Some further optimizations can be made to further reduce the bits needed for the bitmap to reduce the payload needed for the MIB. For example:
· The bitmap for SS bursts is sent in PBCH while the bitmap for SS blocks within an SS burst can be carried in RMSI. This reduces the payload in PBCH by sending through RMSI which is scheduled in PDSCH.  
· In the above example, 16-bit bitmap in the PBCH is needed. By accepting some reduction in signaling flexibility, the bitmap can be replaced to reduce signaling overhead with alternatives such as:  
· Only a certain consecutive SS bursts are allowed. Hence, only the number of actual transmitted SS blocks and the index of the first actual transmitted SS block need to be indicated. 
· For further reduction, the possible number of actual transmitted SS blocks can also be restricted to certain values.
Proposal 2: The actual transmitted SS blocks are signaled through a bitmap indicating the transmitted SS bursts in a SS burst set and another bitmap indicating the transmitted SS blocks within the SS burst.
Conclusion
In this contribution provides our view on the remaining details of SS burst set composition and actual transmitted SS blocks.
Observation 1: To ensure full mapping of the SSBs per SS burst set within a frame, the DL/UL configurations need to be taken into consideration in the mapping through the use of possible Subframe Offset. 
Proposal 1: For NR-LTE coexistence, NR supports Subframe Offset of the SS burst set mapping onto the radio frame. 
Proposal 2: The actual transmitted SS blocks are signaled through a bitmap indicating the transmitted SS bursts in a SS burst set and another bitmap indicating the transmitted SS blocks within the SS burst.
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