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1. Introduction
In this contribution, we discuss on SS block composition, SS burst composition, SS burst set composition and time index indication.
2. Discussion
SS Block composition
NR defines NR-PSS, NR-SSS and NR-PBCH for delivering initial access related information. According to multiplexing method and the required number of OFDM symbol for NR-PSS/SSS/PBCH transmission, the number of OFDM symbol for SS Block composition can be decided.

As agreed in RAN1#88 [1], time division multiplexing of NR-PSS and NR-SSS are applied for SS block composition. According to NR-SS design [2], most companies proposed single OFDM symbol based NR-PSS design, and single OFDM symbol based NR-SSS design. If NR agree the proposal regarding the number of OFDM symbol for NR-PSS/SSS design, we can expect at least two OFDM symbols are required for SS block composition. 
Also, NR agreed to support time division multiplexing of NR-PSS, NR-SSS and NR-PBCH as working assumption [1]. So far, there is no discussion and agreement how many OFDM symbols are necessity for NR-PBCH transmission. In our companion contribution [3], we provide NR-PBCH design and show potential performance of NR-PBCH which is composed by two OFDM symbols and 24 RBs. From the evaluation result, we expect that at least two OFDM symbols are necessity for NR-PBCH transmission. So, if SS Block is composed by NR-PSS/SSS/PBCH, it can be expected that at least four OFDM symbols are necessity for SS block composition. 

In last meeting, NR agreed to support adaptation and configuration of SS burst set periodicity [1]. In this case, it could be happened that composed signal/channel within SS block would be changed according to transmission occasion, if periodicity of each signal/channel for initial access is different [4]. Therefore, we can consider SS block composed by NR-SS only and SS block composed by NR-PBCH only.
In summary, three types of SS Block would be defined according to a sort of composed signal/channel in SS Block as in Figure 1.
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Figure 1. Candidate types of SS Block
Proposal 1: NR consider multi-types of SS block according to a sort of complex signal/channel in SS Block. 

· Type 1 SS Block including NR-PSS, NR-SSS and NR-PBCH (4 OFDM symbols)
· Type 2 SS Block including NR-PSS and NR-SSS (2 OFDM symbols) 
· Type 3 SS Blocks including NR-PBCH (2 OFDM symbols)
SS Burst composition
For SS Burst composition, we need to verify which OFDM symbols are available to transmit SS Block within a slot. In last meeting, it was agreed that the CP type can be semi-static configured with UE-specific signaling. Also, it was agreed to support at least normal CP of NR-PSS/SSS. So, it seems that CP detection issue in initial access is eliminated. Instead of that, NR should consider longer CP at every 0.5ms boundary. When SS block is located within a slot or across inter-slot, it could be possible that middle of SS Block is located at 0.5ms boundary. In this case, different length of CP among NR-PSS/SSS is applied within a SS Block. If UE operates NR-SS detection based on the assumption that normal CP is applied for NR-PSS/SSS, detection performance could be degraded. So, NR should consider that SS block is not located across 0.5ms boundary.
Proposal 2: NR should consider that SS block is not located across 0.5ms boundary.
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 UL control channel(s) is located around the last transmitted UL symbol(s) of a slot. In order to escape a collision of SS Block and DL/UL control channel, SS block can be located in the middle of slot. Figure 2 depicts an example of SS burst composition for TDD case.
Proposal 3: It should be considered to escape a collision of SS Block and DL/UL control channel.
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Figure 2. Example of SS Burst composition for TDD case

As shown in figure 2, if we consider the possibility that SS Block has to be located at data region, the number of candidate position for SS Block transmission is limited. In order to increase the chance to transmit SS Block, it can be consider that some region of DL/UL control channel are assigned for SS Block transmission. Figure 3 depicts candidate position for SS Block transmission.
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Figure 3. Candidate position for SS Block transmission

In this example, we assume 1ms duration. For 15kHz SCS case, OFDM symbols located in middle of slot are designated in order to escape DL/UL control channel region. Also, for 30kHz SCS case, contiguous two slots are assumed. If it is assumed to except front two OFDM symbols of first slot and last two OFDM symbols, 24 OFDM symbols can be used for SS Block transmission within 1ms duration. On the other hand, for 120kHz SCS and 240kHz SCS, first two OFDM symbols and last two OFDM symbols within 0.5ms duration are reserved for DL/UL control channel. 
Proposal 4: NR can assume candidate position assignment for SS Block transmission within N ms time duration (e.g N=0.5, 1).
For SS block composition, we can consider two alternatives in case of time domain multiplexing:

· Alt. 1: Time domain multiplexing of SS and PBCH within contiguous OFDM symbols
· Alt. 2: Transmission of SS and PBCH with timing gap (e.g. 0.5ms)
As shown in figure 4, N contiguous OFDM symbols can be assigned for SS and PBCH transmission. However, if transmission periodicity for SS and PBCH is different, the time period for OFDM symbols of PBCH transmission should be reserved for beam sweeping when PBCH is not transmitted. In order to resolve the ambiguity of that time period, it can be considered that SS and PBCH are transmitted in different slot with same SS Block index. In figure 5, it is described that time domain multiplexed synchronization signals are transmitted using same beam direction within contiguous two OFDM symbols, and analog beam is changed at every two OFDM symbols. Also, beam sweeping is operated within timing gap (e.g. 0.5ms). When PBCH is constructed by two OFDM symbols, same beam sweeping operation of SS could be assumed for PBCH. After synchronization signal is detected, UE can expect to receive PBCH which has same beam direction within timing gap. If PBCH is not transmitted, the time resource could be assigned for other channel/signal transmission.

Proposal 5: NR-SS and NR-PBCH are transmitted in different slot with same SS Block index. 
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Figure 4. Time domain multiplexing of SS and PBCH within contiguous OFDM symbols
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Figure 5. Transmission of SS and PBCH with timing gap (e.g. 0.5ms)
SS burst set composition
For the SS burst set composition, we can consider two types according to periodicity of SS burst occasion as shown in figure 6. The localized type is that all the SS block is contiguously transmitted within the SS burst set, while the distributed type is that SS burst is periodically transmitted within the SS burst set periodicity. 
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Figure 6. Options for SS burst set composition
In the perspective of energy saving for IDLE UE and efficiency for inter-frequency measurement, the localized type of SS burst occasion provides the benefit compared with the distributed type of SS burst occasion. In this aspects, it would seem preferable to support the localized type of SS burst occasion.
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 [1]. 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 example, if the individual position information of actual transmitted SS Blocks (e.g. bitmap for SS Block or SS burst) can be configured to UE, both localized type and distributed type could be operated according to network condition. 
Proposal 6: For the case of default periodicity, network provides the individual position information of actual transmitted SS Blocks (e.g. bitmap for SS Block or SS burst).
In last meeting, it was agreed to change SS burst set periodicity by network configuration, and to provide the information of measurement timing/duration for UE. However, we did not discuss regarding the candidate position of SS block transmission when SS burst set periodicity is changed. For the case of network configured SS burst set periodicity, we can consider two alternatives regarding the position of SS block transmission.

· Alt.1: Network reuses the candidate position assumed for default periodicity.
· Alt.2: Network indicates the actual position to transmit SS-blocks within measurement duration.
NR can design SS burst set composition for default periodicity. Also, when SS burst set periodicity and measurement duration are indicated by network, the SS burst set composition could be assumed for SS block configuration. For example, if we consider the agreement that UE should assume 5ms periodicity as the SS burst set periodicity for measurement in case of no indication from network, it is necessity to compose SS burst set for 5ms periodicity. Also, the SS burst set composition can be also used for the case of default periodicity (e.g. 10ms) and network configured periodicity (e.g. 5, 10 20, 40, 80, 160ms). 

On the other hand, if more efficient resource utilization for SS burst set composition is considered, it can be introduced that network indicates the actual position to transmit SS-blocks within measurement duration. For example, in the case of default periodicity, NR-SS and NR-PBCH should be transmitted within SS burst set periodicity. On the other hand, in the case of longer periodicity, only NR-SS could be transmitted for measurement purpose. If network can configure the actual position for SS block transmission, unused resource assigned for NR-PBCH can be assigned for data/control channel.

Proposal 7: NR considers to compose SS burst set for 5ms periodicity.
Proposal 8: For the case of longer periodicity, it is considered that network indicates the actual position to transmit SS-blocks within measurement duration.
Time index indication

For time index indication, two alternatives are considered for the purpose of down-selection in this meeting.

· Alt.1: Single index method (i.e. one time index for every SS-block within an SS-burst set)
· Alt.2: Multiple index method (i.e. combination of SS burst index and SS block index)
If single index method is supported, large number of bits is necessity to express the all possible number of SS-block within SS burst set periodicity. For this case, additional signal (if defined) is preferable to indicate SS block indication. On the other hand, if multiple index method is applied, design flexibility for delivering the SS burst index and SS block index could be provided. For example, both SS burst index and SS block index are included in single channel. Also, each index are separately transmitted via different channel/signal. For this case, it can be considered that SS burst index is included in NR-PBCH (e.g. symbol/bit level scrambling, redundancy version, contens, etc.) and that SS block index could be delivered by signal defined in SS block. As the possible candidates for delivering SS block index, NR-SSS and additional signal (if defined) could be considered. 
In case of using SSS, the SSS sequence should be extended to provide additional hypothesis for delivering SS block index. However, this sequence is not preferable because SS block indication is necessity as a single purpose in only multi-beam case. On the other hand, when additional signal is introduced for SS block indication, this signal can be used for multiple purpose in both single beam and multi-beam case. For example, additional signal could be used for PBCH demodulation in both single beam and multi-beam case, and this signal can be used for indication of SS block in multi-beam case.
Proposal 9: NR should consider that if additional signal is introduced for SS block indication, this signal is used for multiple purpose (e.g. PBCH demodulation, SS block indication). 
3. Conclusion
In this contribution, we further discuss on SS burst set composition and time index indication. From the discussion, we propose as follow:
Proposal 1: NR consider multi-types of SS block according to a sort of complex signal/channel in SS Block. 

· Type 1 SS Block including NR-PSS, NR-SSS and NR-PBCH (4 OFDM symbols)

· Type 2 SS Block including NR-PSS and NR-SSS (2 OFDM symbols) 
· Type 3 SS Blocks including NR-PBCH (2 OFDM symbols)
Proposal 2: NR should consider that SS block is not located across 0.5ms boundary.
Proposal 3: NR can consider to escape a collision of SS Block and DL/UL control channel.
Proposal 4: NR can assume candidate position assignment for SS Block transmission within N ms time duration (e.g N=0.5, 1).
Proposal 5: NR-SS and NR-PBCH are transmitted in different slot with same SS Block index. 
Proposal 6: For the case of default periodicity, network provides the individual position information of actual transmitted SS Blocks (e.g. bitmap for SS Block or SS burst).
Proposal 7: NR considers to compose SS burst set for 5ms periodicity.
Proposal 8: For the case of longer periodicity, it is considered that network indicates the actual position to transmit SS-blocks within measurement duration.
Proposal 9: NR should consider that if additional signal is introduced for SS block indication, this signal is used for multiple purpose (e.g. PBCH demodulation, SS block indication). 
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