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1. Introduction
At last RAN1#AD Hoc#3 meeting, SS block and SS burst set composition achieved a lot of progress [1], and the related agreement is attached in Appendix. 

In this contribution, we discuss some remaining issues on four aspects: unused SS block resource, SS block repetition, and SS block transmissions in wideband CC. 
Notes: This contribution is revised from R1-1715606 [2] submitted in RAN1#NR#3 meeting.
2. Discussion
2.1. 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, a 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 RMSI, on-demanded SI, 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. 
Furthermore, When SS blocks is used for RLM RS, in order to save IMR overhead and avoid rate matching for PDSCH or PDCCH, IMR resource can be configured in the remaining PRBs in the SS blocks to mimic the inter cell interference seen on the PDCCH symbols. This usage case is discussed in our companion contribution [3].
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 1: Two respective narrow band filters for NR-PSS/SSS and NR SS-block should be considered for NR UE. The usage of unused SS block should associate with the same beam characteristic of SS-block, and keep the same numerology as SS-block.  
Proposal 2: Paging signal/channel, or RMSI, or on-demanded SI, or beam specific CSI-RS for BM or mobility RRM, TRS or other broadcast information or IMR for RLM are candidates to be transmitted in these unused resources of SS block.
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Figure 1  Usage of unused SS block
2.2. SS Block Repetition 
For SS block repetition, we have the following observations for the potential usage scenarios and advantages:
· SS block repetition in frequency/time domain can potentially improve RRM measurement accuracy and reduce measurement window, which is beneficial for UE power saving. SS block repetition in wider bandwidth case is quite similar to LTE wide bandwidth Measurement if UE has wide bandwidth capability. 
· For high speed scenario, SS block repetition can provide robust to against high Doppler and fine frequency offset estimation to guanrantee the performance of PSS/SSS and PBCH.
· SS block repetition pattern can be used to aid uplink beam training, especially in case SS block repetition pattern can be obtained during initial access procedure.
Some advantages can be obtained for UE CONNECTED mode, assuming SS block repetitions are QCLed with respect to spatial, average gain, delay and Doppler parameters. And some advantages are only useful for UE IDLE mode or initial access procedure.
The indication of SS block repetition pattern can be similar to the indication of actual transmitted SS blocks, by UE-specific RRC signaling and/or RMSI. In addition, Group-bitmap and the number of repetition factor can be jointly used for the indication of SS block repetition to reduce indication overhead. 
If SS block repetition pattern can be implicitly inferred from MIB information, such as associating CORESET configuration information for RMSI scheduling with SS block repetition pattern [4], much more advantages can be obtained, e.g. coverage planning, improve performance of PSS/SSS and PBCH, and accelerate uplink beam training.

Proposal 3: SS block repetition pattern in frequency/time domain can be indicated by UE-specific RRC signaling and/or RMSI and/or implicitly inferred from MIB information.
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Figure 2  SS block repetition
2.3. SS Block transmissions in wideband CC
It has also been clarified in the previous RAN1 meeting that multiple SS blocks can be transmitted within the bandwidth of a wideband carrier in NR. Such configuration is favorable, in order to support traffic balancing, or to provide assistance to UE for better channel measurement and/or synchronization/tracking. Moreover, the operation of multiple SS block transmissions per CC is essential for enabling a more effective paging mechanism in wider bandwidth. By distributing UEs (therefore the associated paging messages) into multiple bandwidth parts of the wideband CC, the paging overhead can be reduced, and the total volume of UEs may be paged can also be increased. More details can be found in [5]. Therefore, it is beneficial to inform multiple SS block transmissions of the wideband CC to UEs. 

Proposal 4: Multiple SS block transmissions can be configured to UEs. 
As a result, configurations of each SS block transmission should be informed to the UE. The parameters may include the frequency location and periodicity of the SS burst set, the transmit power of the synchronization reference signal, and any others depending on the detail design of SS block. Such configurations can reduce the effort of UE spending on blind searching the potential SS block transmission, which is beneficial from UE power saving perspective. It can also enable the UE to combine multiple SS blocks in the wideband for faster and better RRM measurement. Moreover, this configuration, together with the paging configuration proposed in [5], can arrange the idle and inactive mode UEs to monitor their paging messages in different bandwidth parts respectively. Furthermore, if there are more than one SS block transmissions in the active bandwidth part, all the SS block configurations should be known by the UE for the sake of performing proper rate matching/puncturing around the SS block transmissions, if they are overlapped with PDSCH transmission(s).

Considering that the above-mentioned configurations of SS block which include some essential information needed for idle or inactive mode UEs, for example the transmit power of reference signal that is used for UL path loss calculation, it is reasonable to broadcast such configuration to the UE. Given that UL path loss calculation is also essential for UE to perform RACH, it seems to be necessary that such configurations are included in RMSI. However, this does not necessarily mean that UE always need to trace every SS block transmission broadcasted. UE only has to keep track of the SS block transmissions in the active bandwidth parts.

Proposal 5: The parameters of the SS block transmission from serving cell, including the frequency location, periodicity, the transmit power of the synchronization reference signal, etc., are informed to UE via RMSI. 
2.4. RRM measurement

It has been agreed in that at least NR-SSS is used for DL based RRM measurement for L3 mobility in IDLE mode. Detection of neighbor cell for measurement is based on NR-SS. It is worth noting that, although in LTE the frequency location of PSS, SSS and PBCH are fixed and aligned in frequency between co-channel neighbor cells, in NR the frequency location and number of the SS block transmissions between neighboring cells in NR are not necessarily be the same. 
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Figure 3  SS block transmissions between neighbouring cells
A simple scenario is depicted in Figure 3, where the SS block transmissions of Cell 1, 2 and 3 are staggered in frequency domain to avoid inter cell interference. Simply reuse the same cell search procedure of LTE in NR may require exhausting blind searching, which is not desirable from UE power saving perspective. Moreover, the neighbor cell detection may become unnecessarily longer.

Therefore, some assistance information should be provided to UE. More specifically, the UE with smaller bandwidth (e.g. UE-1 and UE-2 in Figure 3) should be informed by network of a frequency range for performing neighbor cell DL based RRM measurement (and Automatic Neighbor Relation if necessary), or even beneficial for serving cell DL RRM measurement if the UE stays in an active bandwidth part that does not contain SS block transmission (e.g. UE-1). Furthermore, even the UE with wider bandwidth (e.g. UE-3) may benefit from this information, by reducing the power consumption spending on blind searching the SS block of neighbor cell in wideband.

There are several solutions to this issue; for example, network can send a list of radio frequency channel number to UE. However, note that multiple (inactive) bandwidth parts can be configured to one UE, it is then nature to just simply indicate to the UE which bandwidth part(s) the UE should use for DL based serving cell and/or neighbor cell RRM measurement. If multiple bandwidth parts are indicated to the UE for one (server) cell, all the SS blocks in the indicated bandwidth parts can be used together for DL RRM measurement.
Proposal 6: Network provides indications to UE which bandwidth part(s) the UE should use for DL based serving cell and/or neighbor cell RRM measurement. 

In this wideband scenario, the measurement bandwidth of RSSI should be carefully defined. As depicted in Figure 3, the interference may vary significantly between different frequency band, therefore the measurement bandwidth should be flexible enough for different network deployment scenario. Measuring the RSSI within the SS block bandwidth, similar to that in LTE, may be meaningful only in homogeneous deployment where all the SS block transmissions are on the same carrier frequency. In the heterogeneous deployment, the network should be able to assign a measurement bandwidth other than the serving SS blocking for RSSI measurement to avoid the interference from the aggressive neighbor. Moreover, in the multi-beam deployment, each bandwidth part may employ different transmission beams shooting to different directions. Consequently, different bandwidth parts may suffer from different interference sources or different interference levels. Therefore, it is desirable to derive the RSSI measurement result based on the configured bandwidth part. 
Proposal 7: The RSSI is measured within the configured measurement bandwidth part. 
3. Conclusion

In this contribution, we discuss the remaining issues on unused SS block resource, indication of actual transmitted SS blocks, SS block repetition, and SS block transmissions in wideband CC with the following proposals:
Proposal 1: Two respective narrow band filters for NR-PSS/SSS and NR SS-block should be considered for NR UE. The usage of unused SS block should associate with the same beam characteristic of SS-block, and keep the same numerology as SS-block.
Proposal 2: Paging signal/channel, or RMSI, or on-demanded SI, or beam specific CSI-RS for BM or mobility RRM, TRS or other broadcast information or IMR for RLM are candidates to be transmitted in these unused resources of SS block.
Proposal 3: SS block repetition pattern in frequency/time domain can be indicated by UE-specific RRC signaling and/or RMSI and/or implicitly inferred from MIB information.
Proposal 4: Multiple SS block transmissions can be configured to UEs.
Proposal 5: The parameters of the SS block transmission from serving cell, including the frequency location, periodicity, the transmit power of the synchronization reference signal, etc., are informed to UE via RMSI.
Proposal 6: Network provides indications to UE which bandwidth part(s) the UE should use for DL based serving cell and/or neighbor cell RRM measurement.
Proposal 7: The RSSI is measured within the configured measurement bandwidth part.
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Appendix: Agreements on Details on Synchronization signal
RAN1#NR#3:
Agreements:

· From UE perspective, a cell is associated with a single SS block

· Note: The cell defining SS block has an associated RMSI

· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 

· Common PRB indexing

· Scrambling

· Etc.

· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier

· Note: This is a clarification of the previous agreement

· Send an LS to RAN2 – Asbjorn (Ericsson), drafted in R1-1716835, which is agreed in R1-1716907:

· By adding cc-ing to RAN4, and

· By removing “Note: From the RAN1 perspective, the cell defining SS block could for example be used for 

· Common PRB indexing

· Scrambling

· Etc.”

· By removing “Note: This is a clarification of the previous agreement”

Agreements:
· For rate matching purpose

· For UE specific PDSCH and UE specific CORESET

· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 

· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 

· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources

· Working assumption: For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI

· FFS: Confirm for each channel

· The signalling in RMSI is only for the associated SS/PBCH block

· FFS: Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC

Agreements:
· Confirm working assumption of: 

· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks
Working assumption:

· For indication in RMSI:

· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)

· A Group is defined as consecutive SS/PBCH blocks

· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted[image: image4.png]
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