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1. Introduction
At last RAN1#89 meeting, SS block and SS burst set composition achieved a lot of progress [1]. In addition, updated work plan for NR initial access and mobility was proposed in [2] for the coming RAN1 meetings. 

In this contribution, based on our former contributions [3] [4], we discuss the remaining issues on SS block and SS burst set composition.
2. Discussion
2.1. SS block composition
The length of SS-block structure is 4 consecutive symbols, where NR-PSS and NR-SSS take one symbol each, and NR-PBCH takes two symbols. NR-PSS is mapped before NR-SSS. The bandwidth of NR-PBCH is twice of that of NR-PSS/NR-SSS (including guard band on both sides).
As SS block is multiplexed in the time-frequency domain, different time/frequency positions among PSS, SSS and PBCH will lead to different SS block patterns [3].
For the NR-PSS/SSS/PBCH position of frequency domain, to simplify UE implementation, we propose:
Proposal 1: The center frequency of NR-PSS and NR-SSS is aligned with NR-PBCH.
To determine the NR-PSS/SSS/PBCH position of time domain, the key issue is whether using NR-SSS as demodulation RS for NR-PBCH, which is highly related to DMRS RE mapping scheme. In our companion contribution [5], we propose option 1 mapping scheme [1] where DMRS sequence is mapped on subcarriers with equal interval. With such design, the DMRS is used for PBCH demodulation, while NR-SSS still can be used for aiding to channel estimation, which can be left to UE implementation. 
Proposal 2: DMRS for PBCH is mapped to subcarriers with equal interval. 
Proposal 3: Specification allows UE to optionally use NR-SSS to improve PBCH channel estimation.
If option 1 is adopted, the following three mapping patterns are all suitable for SS block: 
1) PSS-SSS-PBCH-PBCH
2) PSS-PBCH-SSS-PBCH
3) PSS-PBCH-PBCH-SSS
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Figure 1: NR-PSS/SSS/PBCH position of time domain
Considering that NR-PSS and SSS occupy the same bandwidth in SS block, PSS and SSS are ideal to estimate phase noise; in addition, for mmWave, the closer between PSS and SSS in time domain, the higher precision estimation of the phase noise can be expected. This observation is also applied to two symbols of PBCH DMRS. The possibility of better frequency error estimation is beneficial for NR-PBCH performance. 

So, PSS adjacent to SSS and two PBCH OS lean close to each other are recommended.

Proposal 4: PSS-SSS-PBCH-PBCH order is adopted for NR-SS block.
2.2. Unused Resource in one SS block
For NR SS block structure, some left resources within an SS block are not defined, which outside of the NR-PSS/SSS, there are 12 unused PRBs for each SS symbol. These resources usage should be clearly defined in NR specification.
As NR system is expected to operate using single-beam or multi-beam operation, and in scenarios below and above 6 GHz, multi-TRPs or single TPR with analog or digital or hybrid beam capability, an unified design is preferred for these unused resources within SS-block. 
Further, in the analog beam sweeping case, the unused resource in the PSS/SSS symbol should be transmitted with the same beam as the PSS/SSS. Naturally, paging signal/channel is a promising candidate to be transmitted in these left resources. In addition, for multi-beam Paging design, tightly associating paging with SS block will benefit for UE to receive Paging.
Other signals, such as on-demanded SI, Group Common PDCCH, beam specific CSI-RS for BM or mobility RRM, TRS or other broadcast information which possess the same beam level as SS-block should also be considered as candidates to be transmitted on these unused resources. Payload size is one of factors to be evaluated whether these candidates is suitable to be transmitted on unused resources of SS block.
Another aspect should be considered: PSS and SSS detection performance should not be degraded when using these unused PRBs of SS block. As PSS is detected in time domain, PSS detection performance will be degraded if the resource in the PSS symbol and outside PSS RBs is used; additional narrow band filter for PSS detection is required from UE perspective to guarantee the PSS detection performance. On the other hand, even if the mentioned resource in PSS symbol is blank in all cells, the signals from neighbor cells (especially in asynchronous cell deployment) received by the UE may also degrade the PSS detection performance. Therefore, the narrow band filter seems to be necessary regardless whether the resource in PSS symbol is used or not, which means there is no need to worry about PSS detection performance.. 
Proposal 5: The usage of unused SS block should associate with the beam characteristic of SS-block, and should not degrade PSS/SSS detection performance. Narrow band filter for NR-PSS/ SSS should be considered.
Proposal 6: Paging signal/channel, or on-demanded SI, Group Common PDCCH, beam specific CSI-RS for BM or mobility RRM, TRS or other broadcast information are candidates to be transmitted in these unused resources of SS block.
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Figure 2 Usage of unused SS block
2.3. Unused nominal SS block in one SS burst set 
In previous RAN1 meetings, it was agreed that network can transmit SS blocks only in some of the candidate SS block positions within a SS burst set, and the number of actually transmitted SS blocks can be indicated explicitly, e.g. in PBCH. In below 6GHz, single beam operation is practical in the deployment, in this case only 1 out of 4 (below 3GHz), or 1 out of 8 (3GHz~6GHz) candidate SS blocks are actually transmitted. Therefore the unused SS block resource should be utilized for other transmissions, e.g. DL data and control. Slot or mini-slot based transmissions should be supported in such unused SS block resource and DMRS design should be considered for such usage. 
Proposal 7: It should be possible to utilize the unused SS block (s) resource for DL data and control transmission. 
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Figure 3 Nominal and actual transmitted SSB structures
3. Conclusion

In this contribution, we discuss the remaining issues on SS block and SS burst set composition with the following proposals:

Proposal 1: The center frequency of NR-PSS and NR-SSS is aligned with NR-PBCH.
Proposal 2: DMRS for PBCH is mapped to subcarriers with equal interval. 
Proposal 3: Specification allows UE to optionally use NR-SSS to improve PBCH channel estimation.
Proposal 4: PSS-SSS-PBCH-PBCH order is adopted for NR-SS block.
Proposal 5: The usage of unused SS block should associate with the beam characteristic of SS-block, and should not degrade PSS/SSS detection performance. Narrow band filter for NR-PSS/ SSS should be considered.

Proposal 6: Paging signal/channel, or on-demanded SI, Group Common PDCCH, beam specific CSI-RS for BM or mobility RRM, TRS or other broadcast information are candidates to be transmitted in these unused resources of SS block.
Proposal 7: It should be possible to utilize the unused SS block (s) resource for DL data and control transmission. 
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