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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
One objective of the Rel-18 network energy saving WID [1] is provided below: 
	1. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]


This paper will discuss the potential CHO enhancements for network energy saving. 
2. Discussion
2.1 General
[bookmark: _GoBack]When a cell is under low traffic, the network may want to change this cell to NES mode for network power saving. According to the previous discussion in RAN2 meetings, there are two potential scenarios in this objective:
· Scenario 1: in case source cell is in NES mode, a cell common signalling as a new CHO execution condition to trigger CHO. 
· Scenario 2:  CHO is triggered by legacy CHO execution condition (A3, or A5 event), and the UE chooses one of the candidate cells which are in different NES mode.
In scenario 1, the network may offload all served UEs of the low traffic cell (source cell) to the candidate cell, then turns off source cell. Network can preconfigure the candidate cells to the UEs via dedicated signalling, and later uses a cell common signaling to trigger the UEs performing CHO execution in a timely manner. Basically, this source cell is a capacity booster cell fully overlaid by one or more candidate cells. 
In scenario 2, when CHO is configured at the UE, and if multiple candidate target cells satisfy the execution condition, currently it is up to UE implementation to select one of them to perform handover. If network energy saving techniques is implemented, it is possible that the satisfied candidate target cell may enter NES mode. In this case, if the UE selects the target cells via UE implementation, the UE may handover to the NES cell. From the UE perspective, UE’s performance maybe impacted if it is served by NES cell (for example, cell DTX/DRX). From network perspective, the network may want the UEs to select the NES cell only when there is no available normal cell. 
2.2 Scenario 1
For the following scenario, there are several issues that need to be addressed:
· Scenario 1: in case source is in NES mode, a cell common signalling as a new CHO execution condition to trigger CHO. 
Currently, only RAN2 WG is included in this objective of the WID. Besides, broadcast RRC signaling can provide more reliable transmission than L1/2 group common signaling. Thus, we prefer RAN2 to start with RRC signaling for the design. The broadcast RRC signalling for triggering CHO execution can be SIB1, short message or paging message. From our understanding, there are the following three candidate options: 
· Option 1: the cell common trigger is sent via SIB1, and this is notified by the network via short message (e.g., include NES specific SIB1 change indication); 
· Option 2: the cell common trigger is sent via short message. RRC_CONNECTED UE can monitor a common PO or any PO as legacy.
· Option 3: the cell common trigger is sent via paging message. RRC_CONNECTED UE should receive paging message. 
Besides, comparison of the above options in terms of pros and cons is provided in Table 1. After RAN2 concludes to use RRC signalling, the details can be discussed further. 
Table 1: The pros and cons of the options
	Options
	Pros.
	Cons. 

	Option 1
	It can include more detailed information. 
	It may cause more UE power consumption. 

	Option 2
	It has minimum UE power consumption impact. 
	There are only few reserved bits in the short message. 
It may bring extra NW power consumption when there is no ETWS/PWS notification and normal SI change, the network needs to send the short message just for CHO trigger.
It may cause more UE power consumption if the RRC_CONNECTED needs to monitor a common PO.

	Option 3
	It can include more detailed information.
	It may cause more UE power consumption. 



Proposal 1: for scenario 1 of CHO enhancement, RRC signaling (e.g., SIB1, or short message) is considered as a cell common signaling to trigger CHO execution.

If receiving the cell common signalling from the source cell, the UE needs to perform CHO execution. If there are multiple candidate cells, the UE needs to evaluate the quality of the candidate cells. The UE can select the cell whose’ RSRP is above a configured threshold, or a cell which has the best quality. From our understanding, both can work. In the current CHO scheme, the UE selects one of triggered cell (i.e., the candidate cells that satisfied the execution condition), not the strongest triggered cell. We think the same principle can be applied. If there is only one configured candidate cell, it seems the source cell maybe fully overlapped by this candidate cell. In this case, the UE may not need to evaluate the quality of the candidate cell. And the network can decide not to configure the threshold for the candidate cell. So, we have the following proposal:
Proposal 2: for scenario 1 of CHO enhancement, upon receiving the cell common signaling to trigger CHO execution, if a threshold is configured, the UE should handover to the candidate cell whose RSRP is above the threshold. 

From network perspective, after sending the cell common signalling to the UEs, the network hopes all the UEs can find a fulfilled candidate cell and complete the handover as quick as possible. Then the source cell can enter NES mode. However, there are some cases the UE may not perform handover timely. For example, the UE cannot not find a candidate cell that fulfills the configured threshold. Or, the UE has found a candidate cell that fulfills the configured threshold but would like to find a best candidate cell. Or, the UE does not initiate the RACH on the selected candidate cell timely either because per UE implementation or the RACH configuration of that target cell. So, the source cell can configure a timer, and requires all the UEs that upon receiving the cell common trigger, if the UE cannot find a fulfilled candidate cell within this time, the UE shall notify the source cell. And the source cell will monitor the notification for a short period of time, if the source cell does not receive any notification, the source cell can decide entering NES mode without waiting for the notification from the target gNB. Thus, we have the following proposal: 
Proposal 3: upon receiving the cell common trigger in the source cell, if the UE cannot find a candidate cell satisfies the configured threshold within a certain time, the UE should notify the source cell. 

2.3 Scenario 2
For the following scenario: 
· Scenario 2:  CHO is triggered by legacy CHO execution condition (A3, A5 event), and the UE chooses one of the candidate cells with different NES mode.
There are two candidate options for UE to select target cells: 
· Option 1: the NES mode/priority/NES capability of candidate cells are configured by the network, and it is up to the UE which one to select;
· Option 2: The NES mode/priority/NES capability of candidate cells are configured by the network, and the UE selects the target cell based on a specified rule.
From our understanding, option 1 can provide more flexibility for the UE and has minimum spec impact, thus is preferred to us. Thus, we have the following proposal: 
Proposal 4: The NES mode/priority/NES capability of candidate cells are configured by the network, and it is up to the UE which one to select. 
3. Conclusion
In this paper, the following proposals are given:
Proposal 1: for scenario 1 of CHO enhancement, RRC signaling (e.g., SIB1, or short message) is considered as a cell common signaling to trigger CHO execution.
Proposal 2: for scenario 1 of CHO enhancement, upon receiving the cell common signaling to trigger CHO execution, if a threshold is configured, the UE should handover to the candidate cell whose RSRP is above the threshold. 
Proposal 3: upon receiving the cell common trigger in the source cell, if the UE cannot find a candidate cell satisfies the configured threshold within a certain time, the UE should notify the source cell. 
Proposal 4: The NES mode/priority/NES capability of candidate cells are configured by the network, and it is up to the UE which one to select. 
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