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1 Introduction

Up to the latest meeting (RAN1 NR AH#3), the following consensus has been achieved regarding the relationship between BWP and search space:

Agreements:
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier

· Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time

· In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space

The remaining question would be how a RRC_CONNECTED UE monitors DCI in common search space if a single BWP is activated at a given time. There were some discussion in the previous meeting (RAN1 NR AH#3), but no consensus has been achieved [1]. In this paper, we analyse different solutions.  

2 Discussion
In NR, the CSS can contain at least DCIs for RMSI, broadcast OSI, PRACH response (Msg2), paging, and other group-based commands such as pre-emption indication and power control

For RRC_CONNECTED UE, it has been agreed that NR supports a single activated bandwidth part (BWP) for a serving cell at any given time instant. This active BWP can be different from the initial BWP for receiving RMSI, because the numerology suitable for UE-specific data traffic can be different from that used for system information broadcasting.  For example, a group of UEs receive RMSI in the same initial BWP with 15kHz subcarrier spacing (SCS) numerology, but after initial access, some low-latency UEs could monitor/receive data traffic using 60kHz SCS numerology over another BWP. 

In order for RRC_CONNECTED UE to monitor (group) common control channel, there are two possible methods:

Method 1: Only the initial DL BWP contains (group) common control channels. The RRC_CONNECTED UE switches to the initial DL BWP containing CSS for monitoring (group) common control channel.    
Method 2: Each configured DL BWP may contain (group) common control channels. RRC_CONNECTED UE directly monitors currently activated DL BWP for (group) common control channel. 
The method 1 has the advantage that common DCI needn’t to be duplicated to multiple active BWPs from the network perspective, since the BWP containing (group) common control channel can be shared by multiple UEs. One such example is the initial BWP. But it may introduce disturbance to the ongoing DL UE-specific traffic due to reception of MSG2 [2].  The method 2 has the merit of avoiding disturbing DL UE traffic because BWP switching is not needed, with the cost of increased signalling due to the duplication of common DCIs. The method 1 or 2 selection can be different among different types of common channels.
In the following, we analyse the applicability of method 1 and method 2 to different type of (group) common control channel. When the number of UEs in a cell is small, even method 2 is supported, it should be allowed to operate method 1. Therefore, the discussion point is whether to support method 2 in addition to method 1.
· Control channel for RMSI, OSI and paging
This is discussed in our companion contribution [3]. Basically the proposal is only method 1: CORESET for RMSI, PDSCH carrying RMSI, paging, broadcast OSI paging channel are confined within the initial DL BWP.
· Control channel for Msg2

This is discussed in our companion contribution [2]. The proposal is to support method 2 in addition to method 1. In case that the UE-specific activated BWP has the same numerology as the initial BWP for receiving RMSI and both UE-specific activated BWP and initial BWP are within UE's receivable bandwidth without retuning, UE can switch from the UE-specific activated BWP back to the initial BWP to receive Msg2 or UE can receive both UE-specific activated BWP and initial BWP simultaneously if either BWP is a  super-set of the other. At the same time, the UE-specific DL data can also be transmitted over the initial BWP or UE specific activated BWP. Therefore, DL traffic is not disturbed by using method 1. The only problem is the potential congestion of the initial BWP, which should not be an issue for a small cell. For a large cell like containing multiple TRPs with a number of UEs scheduled at the same time, method 2 should be used instead to offload the traffic from the initial BWP. Besides, method 2 is required if the UE-specific data numerology is different than the RMSI numerology as discussed in [2].  
· Control channel for SFI 
This control channel can be using method 2. Otherwise UE has to periodically switch to initial BWP for receiving group common PDCCH for SFI if SFI monitoring is configured for the UE, which will impact DL traffic transmission. In addition, frequent frequency retuning may cause some overhead. Assuming some UEs are grouped into same BWP based on configuration, the overhead of transmitting SFI is reduced. But as discussed in [5], the indicated SFI is applicable for all BWP configured for a UE in the NR carrier. 
· Pre-emption indication and other group common indicators like power control
This control channel can be also using method 2 due to similar reason on control channel for SFI. Similarly, not all UEs need pre-emption indication. The pre-emption indication can only be transmitted for impacted BWPs, which could further reduce the system overhead. If only method1 is supported, pre-emption indication will be restricted to the time period when the initial BWP is activated and hence cannot be delivered to UE in good timing. 
For UEs which has limited bandwidth capability and only one BWP is activated at certain time for a serving cell/carrier, it will anyhow have some problem on frequent switching from one BWP to another BWP. The design or the operation need consider overhead and resource utilization. For UE who is capable of operation cross multiple carriers or multiple activated BWPs in a carrier/cell, method 1 seems to work well. 
Proposal 1: Following method is considered for RRC CONNECTED UE to monitor (group) common channel: 

· Only the initial DL BWP contains control channel for RMSI, OSI and paging and UE switches BWP to monitor such channel
· Configured DL BWP may contain control channel for Msg2

· Configured DL BWP may contain control channel for SFI
· Configured DL BWP may contain pre-emption indication  and other group common indicators like power control 
3 Conclusion

This document discusses how (group) common channel is transmitted in different BWP. Based on the discussions, we propose following, 
Proposal 1: Following method is considered for RRC CONNECTED UE to monitor (group) common channel: 

· Only the initial DL BWP contains control channel for RMSI, OSI and paging and UE switches BWP to monitor such channel
· Configured DL BWP may contain control channel for Msg2

· Configured DL BWP may contain control channel for SFI
· Configured DL BWP may contain pre-emption indication  and other group common indicators like power control 
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