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1 Introduction

At the R17, RAN3 have agreed to exchange the DL channel occupancy time percentage and energy detection threshold to transfer the NR-U load for MLB. 
In the paper we continue to discuss the issues about DL MLB optimization for NR-U and provide corresponding CRs. 

2 Discussion
Based on the progress in R17, the DL load status of one cell is exchanged between peer nodes by channel occupancy time percentage and energy detection threshold. The channel access mechanism for NR-U is listen-before-talk which is a contention-based scheme. For one NR-U channel, it can be occupied by the cell and its neighbour cells. So there exists the case that although the load of one cell is low, that of its neighbour cells is high. If transferring the UE to such cell, the performance is not good due to high contention. Thus, for MLB, node exchanging the its own load status only is not sufficient to show the actual load status. The load or the contention of NR-U channel needs to consider both cell and its neighbour cells.
Proposal 1: The resource status of NR-U channel needs to consider both cell and its neighbour cells.
Based on discussion, there are three options to report resource status of neighbour cells.

· Option1: The number of unsuccessful LBT, LBT backoff time and LBT sensing duration

· Option2: Current channel occupancy takes account of the load of its own and neighbour cells.

· Option3: Add a separate IE to show channel occupancy by neighbour cells.
From the LS from RAN1, whether the node to sense the NR-U channel even when no data needs to be transmitted is implementation specific as 
Q2: According to current specifications, is an NG-RAN node supposed to sense the NR-U channel even when no data needs to be transmitted or is channel sensing performed only when the NG-RAN node needs to exchange traffic over the NR-U channel?

Answer from RAN1: 

From RAN1 perspective, it is specified in TS 37.213 that a node (a gNB or a UE) shall perform the channel access procedures for accessing the channel(s) on which the transmission(s) are performed (as described in Section 4.1 for DL or Section 4.2 for UL, respectively). 

RAN1 specification doesn’t specify whether a node (a gNB or a UE) needs to perform the channel access procedures when no data needs to exchange traffic over the channel(s), which implies the node (the gNB or the UE) is not required to and not prohibited to perform the channel access procedures for such case. 

So we can not assume node to do all-time sensing to monitor the resource status. 
For option1, although these parameters maybe can reflect the neighbour node load based on LBT procedure and contention window adjust procedure, they still can just show the status of sensing time, so the status of none-traffic time is still not available. 
Observation 1: The number of unsuccessful LBT, LBT backoff time and LBT sensing duration cannot show the neighbour load status of none-traffic time.
For option2, there might be two ways to take into account neighbor cell status: 

1) By sensing. Based on the LS from RAN1, the node may not sense the channel without traffic. Thus, the node can not get the neighbor node transmission status. 
2) By getting the CO from neighbor via resource status reporting. The CO in such case might provide inaccurate information for LB. The CO would involve too many unnecessary neighbors’ status. For example, node2 is node1’s neighbor; node3 is node2’s neighbor; node4 is node3’s neighbor.  Node4 sends the status of its own and node4’s neighbors. Then node 3 send the status of its own and collected node3’s neighbor (including node4 and node 4’s neighbors). Same as node3, the node 2 sends the status of its own and collected node2’s neighbor (including node3, node4, node3’s other neighbor and node4’s neighbor). Actually, the interference of node4 and node4’s neighbor can be ignored for node2. The CO value in such case is large but the real load status of node2 for one shared resource is light. So the CO taking into account of neighbors might provide inaccurate information for the node to do LB decision.
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Figure 1. Example of option2
Observation 2: Current channel occupancy takes account of the load of its own and neighbour cells provides inaccurate information of load status.
For option3, Channel Occupancy (CO) by neighbour cells is a clearer approach. As CO is already agreed as the parameter to show the load status of its own. A node can obtain the status of neighbour cells by collecting the CO of its neighbours. And then this node can share its own and its neighbours’ CO to neighbour nodes. As the example illustrated in Figure 1, node 3 and node 4 are the neighbouring node of node 2. Node 2 can get the CO status of node 3 and node 4 by resource status reporting, and then the node 2 send its CO as the status of its own and CO of node 3 and node 4 as the neighbouring cell status to node 1. Thus Option3 can effectively solve the issue that gNB may not sense the channel when there is no data to transmit. CO is good option to transmit the resource status of neighbour cell status for NR-U.
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Figure 2. Example of option3
Proposal 2: Channel Occupancy Time Percentage By Neighbour Cells is a good option to transmit the NR-U resource status of neighbour cells for NR-U.
3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals and the CRs in R3-223562 and R3-223563.
Proposal 1: The resource status of NR-U channel needs to consider both cell and its neighbour cells.
Observation 1: The number of unsuccessful LBT, LBT backoff time and LBT sensing duration cannot show the neighbour load status of none-traffic time.
Observation 2: Current channel occupancy takes account of the load of its own and neighbour cells provides inaccurate information of load status.
Proposal 2: Channel Occupancy Time Percentage By Neighbour Cells is a good option to transmit the NR-U resource status of neighbour cells for NR-U.
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