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1. Introduction
In previous meetings, agreements for SS burst set composition has been achieved [1]
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[2], see Appendix A. Working assumption about SS burst set composition for SCS 120/240kHz has been modified to ensure the proper multiplexing of SCS 60kHz data and SCS 120/240kHz SS block[3]. 

In this contribution, we focus on some remaining collision issues for SS block and SS burst set composition.
2. Discussion
2.1. Collision problem

In RAN1#90, LG provided one collision issue of SS block set composition with 120/240kHz SCS. The red square shows that SS blocks collide with the region for guard period and DL control.
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Figure 1. Collision issue in Above 6GHz case

The collision is not intended in NR system, so working assumption for SS burst set composition with 120/240kHz SCS has been modified, as depicted in Figure 2.
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Figure 2. Modified SS burst set composition for SCS 120kHz and 240kHz

Apart from the aforesaid problem, there still exist some collision cases in below 6GHz based on the agreed mapping patterns and SS burst set composition for SS block with 15/30 kHz subcarrier spacing. Collision cases 1/2/3 are depicted in Figure 3, Figure 4 and Figure 5:
Table 1. Collision cases in below 6GHz case
	deployment scenarios
	SS block SCS (kHz)
	RMSI CORESET SCS (kHz)

	Case 1
	30 (pattern1)
	60

	Case 2
	30 (pattern2)
	15

	Case 3
	15
	60


In the mapping with 15 and 30 kHz subcarrier spacing, it is agreed that at least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols, and at least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot [1]. The red squares show that SS blocks have overlapped with symbols reserved for GP and/or UL/DL control, which may affect proper transmission. As shown in Figure 3, the GP and UL control of the first/third slot, DL control of the second/fourth slot, can’t be used under case 1 mapping pattern. If only DL transmission is allowed in the overlapped region in this case, collision can be avoided. However, larger DL control signaling overhead is needed as the candidate SS blocks have across two slots. For case 2 as shown in [image: image3.png]30kHz pattern2 SS block & 15kHz data collision
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Figure 4
, interference between uplink and downlink during switching will be introduced since symbol reserved for GP in the 14 symbols slot with 15 kHz SCS collides with the fourth candidate SS block. Figure 5 shows a similar issue in case 3.
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Figure 3. Collision issue in case 1
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Figure 4. Collision issue in case 2
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Figure 5. Collision issue in case 3
Observation 1: Collision between SS block and GP, UL/DL control occurs during the multiplexing of:

· SCS 30kHz SS block (pattern1) and SCS 60kHz data 

· SCS 30kHz SS block (pattern2) and SCS 15kHz data

· SCS 15kHz SS block and SCS 60kHz data

2.2. Solution
To address the collision problem, we can consider two basic alternatives based on different principles:

· Alt.1: ensure no or minor change on agreed SS burst set design
· Alt.2: provide full flexibility for the operator by essential modifications

1.2.1. Alternative1

As to alternative 1, there are two possible solutions:
· Solution 1-1: Restrict the deployment of case 1/2 in NR-TDD system.

· Solution 1-2: Restrict the transmission direction in the collided region, e.g. only DL transmission for collision region
From above figures, it is noted that the aforementioned collision issues exist only in TDD system but not FDD system. Moreover, for SS block with 30kHz SCS, the multiplexing between pattern 2 and 60kHz data is mainly used for URLLC services, and pattern 1 is very likely to be transmitted on frequency bands that have deployed LTE base stations. It seems that there may be no specific applications for case 1 and case 2.
In Solution 1-1, case 1 and case 2 are regarded as unnormal configurations and should be prohibited in NR-TDD system.
For example, multiplexing of SS block with 30 kHz SCS pattern 2 and data with 30 or 60 kHz SCS can be configured for URLLC services when UE operate within specific frequency range (e.g., x GHz to y GHz bandwidth), multiplexing of SS block with 30 kHz SCS pattern 1 and data with 30 or 15 kHz SCS can be configured in below x GHz frequency case to support eMBB type of operation. 

In solution 1-2, only DL transmission is allowed at the symbols collided with candidate SS blocks.
Observation 2: Collision between SS block and GP, UL/DL control doesn’t exist in FDD system.
Proposal 1: Following cases are restricted in NR system:
· SCS 30kHz SS block (pattern1) and SCS 60kHz data 

· SCS 30kHz SS block (pattern2) and SCS 15kHz data

1.2.2. Alternative2

As to alternative 2, there are two possible solutions:
· Solution 2-1: Modify SS burst set composition for 30kHz SS block pattern 2.
· Solution 2-2: Modify 30kHz SS block pattern 2 and corresponding SS burst set composition.
As to Alt.2, necessary modification is needed to deal with the collision issue:

Solution 2-1 is to modify SS burst set composition for 30kHz SS block pattern 2, the start of each slot containing 30kHz SS blocks pattern 2 should be aligned with the boundary of SCS 15kHz slot. In other words, the collided SS block slot has been removed, as depicted in Figure 6. Solution 2-1 can be written as follows:

· For 30 kHz SS block pattern 2 case, the SS burst set composition is:

· If L = 4, the mapping slot in a half radio frame have indexes {0,2}.
· If L = 8, the mapping slot in a half radio frame have indexes {0,2,4,6}.
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Figure 6. Modified SS burst set composition of 30kHz SS block pattern 2

In solution 2-2, SS burst set composition and 30kHz SS block pattern 2 are both changed, the first SS block in the first slot and the second SS block in the second slot have been removed, as shown in and Figure 7. Solution 2-2 can be written as follows:

· For 30 kHz subcarrier spacing case, the second SS block mapping pattern is

· Map 1 SS block candidate location to the first slot of 14 symbols as follows

· candidate location is: symbol 8-11

· Map 1 SS block candidate location to the second slot of 14 symbols as follows

· candidate location is: symbol 2-5

· For 30 kHz SS block pattern 2 case, the SS burst set composition is:

· If L = 4, the mapping slot in a half radio frame have indexes {0,1,2,3}. 
· If L = 8, the mapping slot in a half radio frame have indexes {0,1,2,3,4,5,6,7}.
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Figure 7. Modified pattern 2 for SCS 30kHz and SS block burst set composition in 5ms window

1.2.3. Comparison of above alternatives

 Pros and cons of above alternatives are analyzed as below:

	
	pros
	cons

	Alt.1
	Solution 1-1
· Less blind detection required

· No change on agreed SS burst set design
	Solution 1-1
· results a restriction on NW deployment flexibility

	
	Solution 1-2
· full NW deployment flexibility

· Minor changes on agreed SS burst set design
	Solution 1-2
· mandates NW to choose DL transmission at the collided region 

· violates agreements on “At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols” for 15/30kHz SCS
· a larger overhead of DL control signaling 
· This may lead to long absence of uplink transmission

	Alt.2


	Solution 2-1

· Minor changes in agreed the second SS block pattern
	Solution 2-1
· introduces an SS burst set composition for 30kHz SS block pattern 2 

· results a longer transmission duration compared to the previous agreed SS burst composition

	
	Solution 2-2

· More available symbols for URLLC services
	Solution 2-2

· redesigns the second SS block mapping pattern for SS block with 30kHz SCS

· introduce an additional SS burst set composition

· results a longer transmission duration compared to the previous agreed SS burst composition


Proposal 2: Adopting schemes with no or minor change on the agreed SS burst set design to solve the remaining collision issues, e.g.:
· Restrict the deployment of collision cases in NR-TDD system; or
· Restrict the transmission direction in the collided region, e.g. only DL transmission for collision region.
3. Conclusion

In this contribution, we discuss some remaining collision issues for SS block and SS burst set composition with the following observations and proposals: 
Observation 1: Collision between SS block and GP, UL/DL control occurs during the multiplexing of:
· SCS 30kHz SS block (pattern1) and SCS 60kHz data 

· SCS 30kHz SS block (pattern2) and SCS 15kHz data

· SCS 15kHz SS block and SCS 60kHz data
Observation 2: Collision between SS block and GP, UL/DL control doesn’t exist in FDD system.
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Proposal 1: Following cases are restricted in NR system:

· SCS 30kHz SS block (pattern1) and SCS 60kHz data 

· SCS 30kHz SS block (pattern2) and SCS 15kHz data
Proposal 2: Adopting schemes with no or minor change on the agreed SS burst set design to solve the remaining collision issues
, e.g:
· Restrict the deployment of collision cases in NR-TDD system; or
· Restrict the transmission direction in the collided region, e.g. only DL transmission for collision region.
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Appendix A: agreements on SS block
The following was agreed in previous RAN1 meeting for SS block with 15/30kHz SCS:
Agreements in RAN1#89 [1] 

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

· In the mapping with 15 and 30 kHz subcarrier 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

Agreements in RAN1 NR AH#2 [2]
· For 15 kHz subcarrier spacing case,

· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols 2-5

· Second candidate location is at symbols 8-11

· For 30 kHz subcarrier spacing case, the first SS block mapping pattern is

· Preserve 4 symbols for DL control at the beginning of the first slot of 14 symbols

· Allows larger aggregation level for DL control for 15kHz and 30kHz sub-carrier spacing

· Allow TDM multiplexing of at least one SS block within LTE subframe

· Preserve 2 symbols at the end of the first slot of 14 symbols are preserved for e.g. guard period and UL control for 30kHz

· Preserve 2 symbols for DL control at the beginning of the second slot of 14 symbols

· E.g. DL control for 30kHz

· Preserve 4 symbols at the end of the second slot of 14 symbols are preserved for e.g. guard period and UL control

· Enables TDM operation with 15kHz 14 symbol slot control

· Map two SS blocks candidate locations to the first slot of 14 symbols as follows

· First candidate location is at symbols 4-7

· Second candidate location is at symbols 8-11

· Map another two SS blocks candidate locations to the second slot of 14 symbols as follows

· Third candidate location is at symbols 2-5

· 4th candidate location is at symbols 6-9
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· For 30 kHz subcarrier spacing case, the second SS block mapping pattern is

· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols 2-5

· Second candidate location is at symbols 8-11

· Note: It is up to RAN4 to decide the SS block mapping pattern for each frequency band 

· SS/PBCH Burst Set Composition

· For 30 kHz subcarrier spacing, the following mapping to slots in a half radio frame is agreed
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