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1. Introduction
In RAN1 #89 meeting and RAN1 NR#2, the agreements for SS/PBCH block composition, SS/PBCH burst composition, and SS/PBCH burst set composition were made. 
There are some issues to discuss in this meeting. Working assumption about SS/PBCH burst composition for SCS 120kHz and 240kHz should be confirmed or modified. In addition, we have to discuss about modifying the SS/PBCH burst set composition which has a design problem caused by the last meeting’s agreement. Also, actually transmitted SS/PBCH block indication is still remaining issue. In this contribution, we discuss further for design problem of SS/PBCH burst set composition, working assumption for SS/PBCH burst composition, and mechanism to indicate actual transmitted SS/PBCH block(s).
2. Discussion
SS/PBCH Burst Set Composition
At the last meeting, the location of SS/PBCH blocks within SS/PBCH burst set is decided. From the agreement of last meeting, SS/PBCH burst set composition for above 6GHz is the following:
	Agreements: (RAN1 NR#2)
1. The number and first OFDM symbol indexes for candidate SS/PBCH blocks are as follows.
0. Working Assumption 120 KHz sub-carrier spacing: 4 candidate SS/PBCH blocks with respective first OFDM symbol indexes of 4, 8, 16, and 20. 
0. Working Assumption 240 KHz sub-carrier spacing: 8 candidate SS/PBCH blocks with respective first OFDM symbol indexes of 8, 12, 16, 20, 33, 37, 41, and 45.
1. Working assumption can be revisited if there are serious implications to UE AGC operation. 
1. SS/PBCH Burst Set Composition
1. For 120 kHz subcarrier spacing, the following mapping to slots in a half radio frame is agreed

1. For 240 kHz subcarrier spacing, the following mapping slot in a half radio frame is agreed



For above 6GHz frequency range, 60 kHz can be used for subcarrier spacing for data. Therefore, NR should consider some use case for multiplexing SCS 60kHz data and SCS 120kHz(or 240kHz) SS/PBCH block. According to the agreement for SS/PBCH burst composition and SS/PBCH burst set composition, multiplexing case of SCS 60kHz data and SCS 120kHz(or 240kHz) SS/PBCH block is described in Figure 1. 

Figure 1. The example of multiplexing of different SCS (Above 6GHz)

The red box of Figure 1 shows that SS/PBCH blocks collide over the region for guard period and DL control. The collision of SS/PBCH block and DL/UL control region is not intended, so NR should consider the modification of SS/PBCH burst composition and/or SS/PBCH burst set composition. 
Observation 1: According to the agreement of last meeting, the collision of SS/PBCH block and DL/UL control region can be occurred when SCS 60kHz data and SCS 120kHz(or 240kHz) SS/PBCH block are multiplexed.

Two kind of solution can be possible for this issue. The first solution is that order of SS/PBCH burst format 1 and SS/PBCH burst format 2 are changed as shown in Figure 2.

Figure 2. SS/PBCH burst set composition for multiplexing of different SCS (Above 6GHz)

From Figure 2, SS/PBCH burst format 1 and format 2 in red box is switched, so collision of SS/PBCH block and DL/UL control region is not occurred. In other words, SS/PBCH burst format 1 is located in beginning part of 60kHz SCS slot, and SS/PBCH burst format 2 is located in rear part of 60kHz SCS slot.
Also, above solution can be written as following:
	· 120 KHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20, 32, 36, 44, 48} + 70*n. For carrier frequencies larger than 6 GHz, n=0, 2, 4, 6.
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {2, 6, 18, 22, 30, 34, 46, 50} + 70*n. For carrier frequencies larger than 6 GHz, n=1, 3, 5, 7.
· 240 KHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44, 64, 68, 72, 76, 88, 92, 96, 100} + 140*n. For carrier frequencies larger than 6 GHz, n=0, 2
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 12, 16, 36, 40, 44, 48, 60, 64, 68, 72, 92, 96, 100, 104} + 140*n. For carrier frequencies larger than 6 GHz, n=1, 3



The second solution is to change SS/PBCH burst set composition. SS/PBCH burst set composition can be reconstructed to align SS/PBCH burst set and boundary of SCS 60kHz slot start. Figure 3 shows reconstructed form of SS/PBCH burst set.



Figure 3. SS/PBCH burst set composition for SCS 120kHz and 240kHz
From Figure 3, SS/PBCH burst is composed by SS/PBCH block which is localized during 1ms, so SS/PBCH burst of SCS 120kHz has 16 SS/PBCH block and SS/PBCH burst of SCS 240kHz has 32 SS/PBCH block. There is one slot(60kHz SCS based) gap between SS/PBCH burst. Therefore, SS/PBCH burst set and boundary of SCS 60kHz slot start is aligned by using the solution 2.
Also, the solution can be written as following:
	· 120 KHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
· 240 KHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.



Proposal 1: In order to avoid the collision between SS/PBCH block for 120/240kHz SCS and DL/UL control region of slot for 60kHz SCS, NR should modify SS/PBCH burst composition and/or SS/PBCH burst set composition for 120/240kHz SCS as below two alternatives.
	Alt.1
	· 120 kHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20, 32, 36, 44, 48} + 70*n. For carrier frequencies larger than 6 GHz, n=0, 2, 4, 6.
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {2, 6, 18, 22, 30, 34, 46, 50} + 70*n. For carrier frequencies larger than 6 GHz, n=1, 3, 5, 7.
· 240 kHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44, 64, 68, 72, 76, 88, 92, 96, 100} + 140*n. For carrier frequencies larger than 6 GHz, n=0, 2
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 12, 16, 36, 40, 44, 48, 60, 64, 68, 72, 92, 96, 100, 104} + 140*n. For carrier frequencies larger than 6 GHz, n=1, 3

	Alt.2
	· 120 kHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
· 240 kHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.



SS/PBCH Block Composition
In RAN1 NRAH#2 meeting, there were some claim for the problem of UE AGC operation for 120 kHz and 240 kHz SCS. From our company’s view, it be not seen that UE AGC operation for 120 kHz and 240 kHz SCS brings a critical problem. However, if it is revealed that PSS detection is not performed well due to UE AGC operation in the case of 120 kHz and 240 kHz SCS, we can consider the modification of SS/PBCH block composition. As a simple solution, following two alternatives can be considered:
· Alt.1: PBCH-PSS-PBCH-SSS
· Alt.2: PBCH-PSS-PBCH-SSS-PBCH
PBCH symbol is located at beginning of SS/PBCH block in both alternatives. Using PBCH symbol as dummy symbol for UE AGC operation can make UG AGC operation perform better.
Proposal 2: If it is revealed that PSS detection is not performed well due to UE AGC operation in the case of 120 kHz and 240 kHz SCS, we can consider the modification of SS/PBCH block composition. As a simple solution, following two alternatives can be considered:
· Alt.1: PBCH-PSS-PBCH-SSS
· Alt.2: PBCH-PSS-PBCH-SSS-PBCH

The indication of actually transmitted SS/PBCH block within 5ms duration
In NR, the candidate position for SS/PBCH block transmission within 5ms duration is specified. Also, NR assumed that limited number of position for SS/PBCH block transmission can be used according to the network environment. For this case, it was agreed that the position(s) of actual transmitted SS/PBCH blocks is informed for CONNECTED/IDLE mode UE. Actual transmitted SS/PBCH block indication can be used for the purpose of resource utilization for serving cell and measurement for neighbour cell.
For the serving cell, when the UE is exactly informed which SS/PBCH block(s) is/are not transmitted, UE can know that resources for the SS/PBCH block(s) is used for other information (paging or data). For the case, actually transmitted SS/PBCH block for serving cell should be fully indicated to UE for resource flexibility. Therefore, full bitmap information (8bit / 64bit) could be necessity for serving cell’s actually transmitted SS/PBCH block indication. In this case, the demanded bits size can be decided according to the maximum number of SS/PBCH blocks for each frequency range. For example, 8bits are required in case of from 3GHz to 6GHz frequency range. Also, for above 6GHz frequency range, 64 bits are demanded in order to indicate actually transmitted SS/PBCH block between 5ms duration. This bits for actually transmitted SS/PBCH block for serving cell can be defined in RMSI or OSI. RMSI/OSI contain configuration information for data/paging. Actually transmitted SS/PBCH block indication is related to configuration for DL resource, so RMSI/OSI can naturally contain information for actually transmitted SS/PBCH block.
Also, for the purpose of neighbor cell measurement, the indication of neighbor cell’s actually transmitted SS/PBCH block is required. However, full bitmap type of indication could be huge overhead of signaling for listed cell. So, in order to reduce the signaling overhead, we can consider to introduce compressed form of indication method. There are many kind of compressed form of indication method. In Figure 4, we provide an example for compressed form of actually transmitted SS/PBCH indication method.

Figure 4. Compressed form of actually transmitted SS/PBCH block indication method
In this example, we assume that each SS/PBCH burst is composed by 8 SS/PBCH blocks, and total 8 of SS/PBCH burst is existed when 64 SS/PBCH blocks are allowed for above 6GHz frequency range. The purpose of grouping SS/PBCH block to SS/PBCH burst is to compress full bitmap information (64bit). Instead of full bitmap information (64 bits), 8 bits information can indicate the SS/PBCH burst unit which contain actually transmitted SS/PBCH block. If bitmap information indicate SS/PBCH burst#0, SS/PBCH burst#0 contain at least one actually transmitted SS/PBCH block.
In addition to this, additional information for the number of transmitted SS/PBCH block per SS/PBCH burst unit can be indicated to UE. The indicated number of SS/PBCH block is located in SS/PBCH burst, and SS/PBCH block is localized in SS/PBCH burst. According to the combination of bitmap and the number of actually transmitted SS/PBCH block per SS/PBCH burst unit, UE can indicate actually transmitted SS/PBCH block for neighbor cell. For example, compressed information for neighbor cell can be interpreted the full bitmap as Table 1:
Table 1. Example for neighbour cell’s actually transmitted SS/PBCH block indication
	8 bit bitmap
(SS/PBCH burst unit)
	The number of actually transmitted SS/PBCH block per SS/PBCH burst unit
	Full bitmap

	1 1 0 0 0 0 0 1
	4
	(11110000) (11110000) (00000000) (00000000) (00000000) (00000000) (00000000) (11110000)



Proposal 3: For actually transmitted SS/PBCH block indication, N bit bitmap can be introduced. 
· Serving cell
· For below 6 GHz, 8bit bitmap has information about actually transmitted SS/PBCH block.
· For above 6 GHz, 64bit bitmap has information about actually transmitted SS/PBCH block.
· Neighbor cell
· For below 6 GHz, 8bit bitmap has information about actually transmitted SS/PBCH block.
· For above 6 GHz, 8 bit bitmap has information about SS/PBCH burst which actually transmitted SS/PBCH block is located. Also, the number of actually transmitted SS/PBCH block per SS/PBCH Burst is informed. From the combination of bitmap and the number of actually transmitted SS/PBCH block, UE can indicate the location of actually transmitted SS/PBCH block.

Also, there may be few neighbor cells that are not included in cell list. For that kind cell, NR should use default format for neighbor cell’s actually transmitted SS/PBCH block. Using default format, UE can perform measurement for neighbor cell which is not included in cell list. The default format can be defined or it is configured by network.
Proposal 4: For actually transmitted SS/PBCH block indication of neighbor cell which is not included in cell list, the default format can be defined or it is configured by network.

3. Conclusion
In this contribution, we further discuss on design problem of SS/PBCH burst set composition, working assumption for SS/PBCH burst composition, and mechanism to indicate actual transmitted SS/PBCH block(s). From the discussion, we propose as follow: 
Observation 1: According to the agreement of last meeting, the collision of SS/PBCH block and DL/UL control region can be occurred when SCS 60kHz data and SCS 120kHz(or 240kHz) SS/PBCH block are multiplexed.
Proposal 1: In order to avoid the collision between SS/PBCH block for 120/240kHz SCS and DL/UL control region of slot for 60kHz SCS, NR should modify SS/PBCH burst composition and/or SS/PBCH burst set composition for 120/240kHz SCS as below two alternatives.
	Alt.1
	· 120 kHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20, 32, 36, 44, 48} + 70*n. For carrier frequencies larger than 6 GHz, n=0, 2, 4, 6.
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {2, 6, 18, 22, 30, 34, 46, 50} + 70*n. For carrier frequencies larger than 6 GHz, n=1, 3, 5, 7.
· 240 kHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44, 64, 68, 72, 76, 88, 92, 96, 100} + 140*n. For carrier frequencies larger than 6 GHz, n=0, 2
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 12, 16, 36, 40, 44, 48, 60, 64, 68, 72, 92, 96, 100, 104} + 140*n. For carrier frequencies larger than 6 GHz, n=1, 3

	Alt.2
	· 120 kHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
· 240 kHz subcarrier spacing
· the first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.


Proposal 2: If it is revealed that PSS detection is not performed well due to UE AGC operation in the case of 120 kHz and 240 kHz SCS, we can consider the modification of SS/PBCH block composition. As a simple solution, following two alternatives can be considered:
· Alt.1: PBCH-PSS-PBCH-SSS
· Alt.2: PBCH-PSS-PBCH-SSS-PBCH
Proposal 3: For actually transmitted SS/PBCH block indication, N bit bitmap can be introduced. 
· Serving cell
· For below 6 GHz, 8bits bitmap has information about actually transmitted SS/PBCH block.
· For above 6 GHz, 64bits bitmap has information about actually transmitted SS/PBCH block.
· Neighbor cell
· For below 6 GHz, 8bit bitmap has information about actually transmitted SS/PBCH block.
· For above 6 GHz, 8 bit bitmap has information about SS/PBCH burst which actually transmitted SS/PBCH block is located. Also, the number of actually transmitted SS/PBCH block per SS/PBCH Burst is informed. From the combination of bitmap and the number of actually transmitted SS/PBCH block, UE can indicate the location of actually transmitted SS/PBCH block.
Proposal 4: For actually transmitted SS/PBCH block indication of neighbor cell which is not included in cell list, the default format can be defined or it is configured by network.

4. Reference
RAN1#89 meeting Chairman’s note 
RAN1 NR#2 meeting Chairman’s note 
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