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1 Introduction
At RAN1 #89, it was agreed to support multiple SS block transmissions in a wideband carrier in the frequency domain. At RAN1 #90, there were some discussion on whether the multiple SS blocks should carry same or different physical-layer cell identity. An LS [1] was sent to RAN2 and replying LS [2] was received with one question on the motivation and use case of both alternatives. In this paper, we provide our views on the use case and potential benefit of allowing different cell IDs carried by the SS blocks both from network perspective and UE perspective.
2 Discussion

2.1 Multiple SS blocks in a wide frequency spectrum
From deployment point of view, one motivation to support multiple SS blocks carrying different Cell IDs in a wide frequency spectrum is that a TRP can be deployed at the border of two NR cells, where multiple SS blocks are transmitted on frequency locations corresponding to the two neighboring cells. This scenario is illustrated in Figure 1 and the location of the SS blocks is shown in Figure 2. Essentially this is equivalent to deploy two co-located cells. The introduction of co-located cells, or more accurately co-located TRPs belonging to different cells, allows the network to extend the handover region between the two cells by the service area of the common TRP. Within the overlapping region, the common TRP serves the users in both cells. The inter-cell interference experienced by the UEs in the overlapping region is associated with the same TRP as the serving signal. Effectively, there is a perfect backhaul link between the two cells and different techniques for interference mitigation can be performed by a shared scheduler. These techniques include short term blanking, inter-cell MU-MIMO, and simply interlacing the users in the two cells by a common scheduler in different frequency and/or time resources. On the other hand, in traditional networks, a user in the handover region may experience a signal that its power is within the handover margin of the interference power resulting in “cell-edge” experience and can only be somehow eased through interference mitigation techniques such as ICIC at the expense of cell throughput due to lack of perfect backhaul. Supporting co-located TRPs can further enhance the flexibility of the network deployment. 
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Figure 1 A TRP deployed at the cell border of two neighbouring cells 
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Figure 2 SS blocks for Cell 1, Cell 2 and the TRP at the cell border
Co-located TRPs for multiple cells not only allow for simpler and more effective interference mitigation techniques through joint scheduling among UEs served by the co-located TRPs in both cells, but also improve the UE RRM measurement for neighbour cell wherever the UE is made aware of the QCL information between the SS block associated with the co-located TRPs in both the serving and neighbour cells. The UE can utilize the QCL information to find and synchronize to the SS block of the neighbour cell faster with better accuracy. Co-located TRPs could also be helpful to reduce the latency and improve the reliability of the handover in the case of URLLC UEs. A UE served by the co-located TRPs can further benefit from multi-PDSCH transmission through dual connectivity and/or multi-PDCCH to establish parallel connections to the co-located TRPs, especially if common scheduler is not deployed between the co-located TRPs. Moreover, if the common TRP between the two-cells uses the same antenna panel, the two cells may share the CSI-RS ports, and as a result reduce UE measurement and feedback overhead associated with the set of common ports.

Based on the discussion above, it can be observed that allowing multiple SS block transmission with different Cell IDs on a wide bandwidth is beneficial at least from network perspective. Some further analysis is provided from the UE perspective below.
For UEs in RRC_IDLE state, since the UE bandwidth capability has not been reported to the network, both narrowband UEs and wideband UEs will perform normal measurement for cell selection/reselection and camp on one of the SS blocks without knowing whether they are from one TRP or different TRPs.

For UEs in RRC_CONNECTED state, there will be different UE bandwidth capabilities and the following may happen
· Narrowband UE: For initial access, it will detect the SS block until an SS block with corresponding RMSI is detected. In the case of multiple SS blocks in wide bandwidth, it may be the strongest one or the first one that the UE detects. During mobility between the NR cells, the narrowband UE may need a measurement gap to do inter-frequency measurements since the SS blocks corresponding to another NR cell maybe in another frequency location in the wide frequency spectrum.
· Wideband UE: For initial access, it will detect the SS block until an SS block with corresponding RMSI is detected. In order to support the deployment scenario in Figure 1, one simple way is to treat the wide frequency spectrum as two separate carriers. Hence, each carrier carries one SS block with different Cell IDs. By doing this, it is possible to enable smoother handover based on LTE CA based handover procedure. Another possibility is to support a wideband UE configured with a wideband carrier carrying different cell IDs. However, this may have an impact to cell definition where in LTE one carrier corresponds to one Cell with a single Cell ID. Moreover, this may also impact the UE RRM measurement procedures.
Also for both narrowband and wideband UEs in RRC_CONNECTED state, the network can inform the UE the frequency locations of SS blocks with different cell IDs for RRM measurement. After such information is received by the UE, the UE in RRC_IDLE or RRC_INACTIVE state can utilize such information to speed up neighbour cell measurement.
In summary it can be concluded that at least from network perspective, the NR Cell IDs carried by multiple SS blocks in a wide bandwidth can be different. From UE perspective, the UE can perform RRM measurement based on multiple SS blocks carrying different cell IDs in different frequency locations in a wide bandwidth. This may or may not have specification impact on cell definitions and UE RRM measurement procedures which can be further studied in RAN2.
Proposal 1: From network perspective, the NR Cell IDs carried by the multiple SS blocks on different frequency locations in a wide frequency spectrum can be same or different.

Proposal 2: For RRC_CONNECTED UE, network can inform the UE the frequency locations of SS blocks with different cell IDs for RRM measurement. 
3 Conclusion
In this contribution, we discuss some further details of multiple SS blocks within a wideband carrier and have the following proposal
Proposal 1: From network perspective, the NR Cell IDs carried by the multiple SS blocks on different frequency locations in a wide frequency spectrum can be same or different.

Proposal 2: For RRC_CONNECTED UE, network can inform the UE the frequency locations of SS blocks with different cell IDs for RRM measurement. 
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