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1. Introduction
In this contribution, we discuss issues related to multiple SS blocks in wideband component carrier (CC). The discussion includes 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). More specifically, the contribution will try to address the following questions:
· What is the maximum number of SS blocks in frequency domain for a single bandwidth part (or single component carrier)?
· What is the cell ID associated with SS blocks in frequency domain? Are they the same value or different?
· Can the SS blocks from different frequency locations be transmitted in different SS block candidate positions or must they all be transmitted in the same SS block candidate positions.
· How to define RRM measurements for different SS blocks in frequency domain.
· How to indicate the presence of other SS blocks in frequency domain.

2. Multiple SS blocks in Wideband CC
[image: ]
[bookmark: _Ref490086909]Figure 1. Multiple SS blocks for Cell #A with a wideband CC, and single SS block for Cell #B and #C each with narrowband CC.
	It may be possible that the gNB may be operating a cell with wideband and may need to send multiple SS block in different frequency locations within the system bandwidth. Additionally, it may be possible that neighbor cells are operating with a smaller system BW. This may happen if the neighboring cells are small cell deployments which do not have use more advanced PAs that would enable support of wideband carriers. An example of multiple SS blocks for a cell is illustrated in Figure 1.

Signaling of SS blocks in wideband CC & Supported number of SS blocks in wideband CC
The actual transmission of SS blocks in a frequency was agreed in RAN1 to be signaled to the UE. Given that the actual transmission time/frequency location of the SS blocks is needed for reception of control and data channels, the information should be provided to the UE as early as possible. This implies that the actual transmission of the SS block may need to be contained in the minimum system information (MSI). As mentioned in our companion contribution [1], each SS block should be associated with its own RMSI. The RMSI should contain the signaling for the actual SS block transmissions.
[bookmark: _GoBack]The indication of actual transmission of SS blocks other than what was provided in the RMSI could be configured by other SI (OSI) or dedicated signaling to the UE. This could be done using reservation signaling or another configuration of actual transmission of SS blocks. In general, as long as the gNB can signal the exact time/frequency positions of all transmitted SS blocks to the UE, there may not need to be a limit of the number of SS blocks in the wideband CC. The only limiting aspect should be the signaling overhead to support very large number of SS blocks in wideband CC.
Proposal 1:
· No specific limitation on number of SS blocks in different frequency in a wideband CC.
· All actual transmitted SS blocks in a wideband CC is informed to the UE.

Cell ID of the SS blocks in frequency domain
	In RAN1 NR Ad-hoc#2 meeting, it was agreed that common PRB indexing is support for wideband component carrier (CC). This enables a global sharing of the RB indices for UEs operating in a wideband CC. This also implies that UE must be aware of the CC boundaries. Therefore, if multiple SS blocks exist within a CC, UE would be able to identify which SS blocks are located within a CC. Because of this, it might be beneficial to restrict the SS blocks within a CC be configured with identical cell ID. This would allow 1 to 1 mapping between a physical cell ID and CC, similar to LTE. This would definitely aid with measurements and avoid potential confusion on deriving cell level quality for handover.
Proposal 2:
· All SS blocks within a CC must have same cell ID.

Transmission time alignment between SS blocks from the same cell in different frequency
If multiple SS block belong to the same cell, and UE is able to receive multiple SS blocks, it would be beneficial for the UE to utilize the measurement from SS blocks in different frequency to improve measurements for the cell. However, if the SS blocks transmitted in different frequency positions for the same cell were operated independently, allowing different number of SS blocks (i.e. beams) and transmitting on different candidate positions, it would require extra processing to detect and measure SS blocks from different frequency positions. Therefore, we propose that all SS blocks within a CC have aligned transmission timing. This would result in SS blocks occupying the same candidate positions (i.e. same SS block indices). 
The aligned transmission instances of the SS blocks, would have the benefit that same beam could be assumed for all SS blocks in different frequency positions. This allows the UE to additionally aggregate measurements in different frequency positions to achieve better measurement accuracy.
Proposal 3:
· All SS blocks within a CC must have same set of SS block indices (i.e. aligned transmission instances).
RRM measurement with multiple SS blocks in wideband CC
Detection of NR PSS/SSS of neighbor cells and continuous tracking and measurement of SS block would typically require a separate functional block in the UE receiver. These detection and measurements should be able to be performed even during control and data reception for UEs in CONNECTED mode. If the UE is required to monitor and detect multiple SS blocks simultaneously for SS block in different frequency, this would lead to significant increase in UE receiver complexity. 
Therefore, the gNB should indicate to the UE the frequency layer (i.e. frequency position of the SS block) intended to be part of the measurement object. If multiple frequency layers are to be measured, than the cell detection time allowed by the reporting requirement needs to be increased portionally, such that it allows the UE to monitor multiple frequency layers with a single SS search engine resource. Additionally, the frequency layers which require measurement gap should be indicated by the network and determining which frequency layers required measurement gap and what conditions should be decided by RAN4.
In summary, when the gNB transmits multiple SS blocks, the network should be able to configure the UE to measure and monitor a set of frequency location of a SS block and perform RRM measurements of all cells that are transmitting SS blocks in the same frequency location.
Proposal 4:
· In case gNB transmits multiple SS blocks in different frequency positions, UEs are configured measure and monitor a particular frequency layer and the required cell detection time and measurement period is increased proportionally to the number of frequency layers the UE needs to monitor.

3. Conclusions
In this contribution, we discussed issues related to multiple SS blocks in wideband component carrier (CC). Our proposals are summarized as below:
Proposal 1:
· No specific limitation on number of SS blocks in different frequency in a wideband CC.
· All actual transmitted SS blocks in a wideband CC is informed to the UE.

Proposal 2:
· All SS blocks within a CC must have same cell ID.

Proposal 3:
· All SS blocks within a CC must have same set of SS block indices (i.e. aligned transmission instances).

Proposal 4:
· In case gNB transmits multiple SS blocks in different frequency positions, UEs are configured measure and monitor a particular frequency layer and the required cell detection time and measurement period is increased proportionally to the number of frequency layers the UE needs to monitor.
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