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1. Introduction

At the RAN1#89 meeting, multiple SS block transmission in wideband CC was discussed and RAN1 made following agreements [1].

	Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))

· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling

· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement

· FFS: Details of measurement configuration


In this contribution, we discuss further on remaining details on multiple SS block transmissions in wideband CC, including number of SS blocks in wideband CC, RRM measurement with multiple SS blocks in wideband CC, and how to inform UE about presence/parameters of SS block(s).
2. Discussion on multiple SS block transmissions in wideband CC
2.1. Possible scenarios
Based on the agreements shown in Section 1, NR will support following possible scenarios and UE types for wider bandwidth operation as shown in Figure 2-1.
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Figure 2-1: Possible scenarios and UE types for wider bandwidth operation

· (a) Single SS block scenario

· NW transmits single SS block in wideband CC.
· UE utilizes the SS block for initial access to the wideband CC.
· For (intra-band) CA UE, multiple narrower bandwidth CCs within the wideband CC can be used for wider bandwidth operation. 
· Potentially some signal for RRM may be transmitted in the narrower bandwidth CC(s) that don’t contain SS block. In addition, a measurement gap may be used to receive SS block outside the narrower bandwidth CC for RRM measurement and potentially other purposes.
· (b) Multiple SS blocks scenario

· NW transmits multiple SS blocks in wideband CC.

· UE utilizes either SS block for initial access to the wideband CC. Different UE may utilize different SS block.

· One or multiple SS blocks may be used for RRM measurement for the wideband CC. UE can be informed of the presence/parameters of the SS blocks.
2.2. Number of SS blocks in wideband CC
Basically SS block (i.e., centre of NR-PSS/SSS) can be located at any of the SS frequency raster within the wideband CC. Following natural restrictions would be necessary in practical operation.
· Any part of bandwidth of SS block transmission (i.e., 24 PRBs of NR-PBCH) should not be overlapped with bandwidth of other SS block transmission within a same wideband CC.
· Any part of bandwidth of SS block transmission (i.e., 24 PRBs of NR-PBCH) should not protrude outside the bandwidth of wideband CC.
So, we think that number of SS blocks and locations of SS blocks in wideband CC are left to NW choice. Number of SS blocks and locations of SS blocks would be dependent on UE bandwidth capabilities and UE ratio with different bandwidth capabilities, bandwidth of wideband CC, and so on. 
Proposal 1: SS block can be located at any of the SS frequency raster within the wideband CC.

· Number of SS blocks and locations of SS blocks in wideband CC are left to NW choice.

2.3. UE operation with an active bandwidth part without containing SS block
SS burst set is periodically transmitted and UE can expect to observe SS block with SS burst set periodicity. Such periodic SS block is basically used for coarse time/frequency synchronization, cell identification and RRM measurement by UE. As in the RAN1 agreements shown in Section 1, the measurement gap for SS block can be used if NR supports UE operation with an active bandwidth part without containing SS block such as UE#3 in scenario (a) in Figure 2-1.
We think that it is possible to support such operation by using the measurement gap. However, different UE implementation would utilize the periodic SS block in different ways and for different purposes. So, for UEs having higher dependency on SS block, the UE operation without SS block in its active bandwidth part may be difficult and/or inefficient e.g., due to frequent measurement gaps for SS block. Therefore, whether or not UE supports the operation without SS block in its active bandwidth part can be one of UE capabilities.
Proposal 2: NR supports UE operation with an active bandwidth part without containing SS block by using measurement gap.

· Whether or not UE supports the operation without SS block in its active bandwidth part can be one of UE capabilities.

As also shown in Figure 2-1, it may also be possible to transmit some signal(s) for RRM within the active bandwidth part instead of SS block. For example, periodic CSI-RS for L3 mobility can be configured for RRM measurement. However, SS block is necessary to perform CSI-RS based RRM measurement in terms of timing synchronization especially for neighbor cells. Therefore, periodic SS block reception would be anyway necessary for UE.
2.4. Number of SS blocks for RRM measurement

For UE#1 and UE#4 in scenario (b) in Figure 2-1, it is possible to monitor multiple SS blocks within a wideband CC for RRM measurement since it was agreed that UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement. SS block based RSRP measurement results (especially after L1/L3 filtering) would be almost same for the multiple SS blocks within a wideband CC when the multiple SS blocks are transmitted with the same power/beam/transmit antenna location. Therefore, for SS block based RSRP measurement for a wideband CC, monitoring single SS block would be sufficient.
On the other hand, monitoring multiple SS block locations may be necessary for following cases.

· In case that different cells transmit SS block on different frequency locations, UE would need to monitor multiple SS block locations for RRM measurement.
· If RSRQ or SINR is supported as measurement quantity, RSRQ or SINR on different frequency locations may include different interference level according to traffic amount in each narrower bandwidth CC. In such case, UE may be configured to perform RSRQ or SINR measurement on multiple SS block locations.

In summary, we think that at least SS block based RRM measurement is configured to UE with one SS block location where serving cell transmits SS block within wideband CC. This RRM measurement can be considered as intra-frequency measurement. In addition, UE can be configured with RRM measurement on other SS block location(s) within wideband CC e.g., for neighbor cell measurement and/or RSRQ/SINR measurement. This additional RRM measurement on other SS block location(s) can be considered as something similar to inter-frequency measurement.
Proposal 3: At least, SS block based RRM measurement is configured to UE with one SS block location where serving cell transmits SS block within wideband CC.

· UE can also be configured with RRM measurement on other SS block location(s) within wideband CC as something similar to inter-frequency measurement.
2.5. How to inform the presence/parameters of the SS block(s)
In multiple SS blocks scenario, UE needs to know the presence/parameters of SS blocks for following possible purposes.
· To perform RRM measurement and potentially other functionalities (e,g., path-loss measurement for UL power control, coarse time/frequency synchronization)

· To perform rate matching or puncturing for the reception of the other downlink signals
As argued in [2], using RMSI can be considered to enable RRM measurement on multiple SS block locations as early as possible, while using other SI or RRC signalling can also be considered as candidate mechanism to inform the presence/parameters of the SS blocks. 
In wider bandwidth operation with UEs only capable of narrower bandwidth CC, UE offloading (i.e., different UEs configured with different active bandwidth part) would be beneficial in terms of efficient wider bandwidth utilization. As argued in Section 2.4, different narrower bandwidth CCs may have different interference level based on different traffic amount in each narrower bandwidth CC. Therefore, for efficient and quick UE offloading, using RMSI to inform the presence/parameters of SS blocks for RRM measurement would be beneficial.
On the other hand, using RMSI for this information may be concerned in terms of increase of RMSI overhead. Using dedicated RRC signaling may make sense since not all UEs may need to be informed of presence/parameters of multiple SS blocks. Therefore, these two options, i.e., using RMSI and using dedicated RRC signaling can be further studied.
3. Conclusion 

In this contribution, we discussed further on remaining details on multiple SS block transmissions in wideband CC, including number of SS blocks in wideband CC, RRM measurement with multiple SS blocks in wideband CC, and how to inform UE about presence/parameters of SS block(s). We made the following proposals. 
Proposal 1: SS block can be located at any of the SS frequency raster within the wideband CC.

· Number of SS blocks and locations of SS blocks in wideband CC are left to NW choice.

Proposal 2: NR supports UE operation with an active bandwidth part without containing SS block by using measurement gap.

· Whether or not UE supports the operation without SS block in its active bandwidth part can be one of UE capabilities.

Proposal 3: At least, SS block based RRM measurement is configured to UE with one SS block location where serving cell transmits SS block within wideband CC.

· UE can also be configured with RRM measurement on other SS block location(s) within wideband CC as something similar to inter-frequency measurement.
References
[1] 3GPP RAN1 #89, Chairman’s note, May 2017.
[2] 3GPP, R1-1708494, NTT DOCOMO, INC., “Further views on wider bandwidth operations for NR,” May 2017.
