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1	Introduction
[bookmark: _Hlk139554548]This paper discusses the remaining issues concerning the CHO for NES in Release 18. In particular, the paper discusses questions such as the UE’s behavior upon receiving DCI 2_9, whether DCI 2_9 should be followed by a “grace time”, and how failure cases can be handled and prevented in the case of CHO for NES.
[bookmark: _Ref178064866][bookmark: _Hlk161930993]2	Remaining aspects of CHO operation
In RAN2#123bis meeting the following agreements were reached for CHO on how to indicate to the UE that the source cell is entering NES mode:
Agreements
Group common DCI format 2-X is reused to notify the UE that source cell is entering NES mode.
•	add one bit of DCI 2-X to trigger both use cases of Cell DTX/DRX activation and cell turning off. RAN2 send LS to RAN1 to request this signaling change.

2.1	UE behaviour upon receiving DCI 2_9
During RAN2#125 meeting the following co-sourced tdoc was discussed, however, there was time to discuss only Proposal 1a):

Cell Switching OFF and CHO not executed
R2-2401361	Cell Switch off and NES Mode Indication	Lenovo, Motorola Mobility, Continental Automotive, Nokia, Nokia Shanghai Bell, BT Plc, Vodafone, Sony, Google, CEWiT, Deutsche Telekom, Ericsson, Samsung	discussion	Rel-18	Netw_Energy_NR-Core	R2-2400563
 	Proposal 1: RAN2 kindly clarify following aspects related to the Cell Switch off: 
a) if Cell Switch off means no transmission from the cell at all (no SSBs/ SI); 
-	Qualcomm is concerned as we didn’t specify a procedure for the UE to switch off.  Vodafone always thought that this just means the UE just turns off completely and will disappear.  Interdigital explains that we never mention switch off, NES-mode indication.  If there is no other cells then we just have RLF.    
-	Lenovo explains that the problem is that the UE doesn’t know if the U Eis switching off.   Sony thinks that this NW implementation.   LG thinks that the NW will stop transmitting SSB/SIB but it is already aware of what the implications of that are.   Apple doesn’t think we need to differentiate.    Oppo thinks that the UE should have a unified behaviour.  Samsung is concerned as the network would be reluctant to turn off the cells.  Qualcomm thinks that if there is a concern, then the network can wait for the successful HO from new target cell before switching off.  
=>	Understanding is that a cell switch off corresponds to a full switch off, but there is not specification impact.   
b) from UE perspective, is Cell Switching off immediate upon DCI 2_9 (NES mode = enabled) reception or if a grace period will be used.
Proposal 2: RAN2 kindly discuss the correct UE behaviour if in Scenario A: UE has received NES CHO configuration and later the DCI 2_9 including NES mode indication (enabled) but there’s no triggered cell available.
Proposal 3: RAN2 kindly discuss the correct UE behaviour if in Scenario B: UE has received NES CHO configuration and a triggered cell is available. The DCI 2_9 including NES mode indication (enabled) comes much later, at which point the previous triggering cell may no longer fulfill the NES CHO condition.
=>	Noted


In Proposal 1b), the question regarding UE behavior was raised for the scenario (referred to as Scenario A) in which the UE has received NES CHO configuration and later also DCI 2_9 (NES mode = enabled) [1]. As presented in [1] there are two different behaviors that are possible in Scenario A:

A1: UE stops measurement assuming cell is going to sleep immediately and since no handover target (i.e., a triggering cell fulfilling NES CHO condition) is available, it will trigger RLF leading to Reestablishment procedure, as shown in Figure 1.
[bookmark: _Ref161921285]Figure 1 UE behaviour according to Scenario A1.

A2: UE continues measurement, as shown in Figure 2. If it finds a triggering cell, it will execute handover else, it remains on the source cell. If the source cell is using Cell DRX/ DTX, the UE may continue in the source (with a reduced QoS perhaps). But if the source cell is switched off, two possibilities exist:
- SSBs are transmitted: RLM may not lead to RLF (hypothetical PDCCH BLER does not trigger Out of Sync) and UE cannot anyway receive/ transmit data – but may un-necessarily be doing SR/ RACH transmissions!
-SSBs are not transmitted: RLM shall lead to RLF in about 200 ms.



[bookmark: _Ref161921347]Figure 2 UE behaviour according to Scenario A2.

[bookmark: _Hlk162268562]The preference for Scenario A1 and Scenario A2 was also one of the subjects of an offline discussion that followed RAN2#125 meeting. Regarding the question related to Scenario A1 and Scenario A2, it can be observed that Scenario A1 leads to RLF in the case when CHO for NES is triggered due to Cell DTX/DRX. This is an undesirable consequence of Scenario A1, since in the case of Cell DTX/DRX the network could have acted in a less aggressive way (e.g., perform the handover or reconfiguration) and prevent unnecessary RLF. In order to address this disadvantage of Scenario A1, an alternative solution has been proposed as an outcome of the post-email discussion. More precisely, it was proposed to introduce a “cell switch-off/DTRX bit” in the DCI 2_9 with the objective to enable a distinction between the CHO for NES due to a cell switch-off and the CHO for NES due to Cell DTX/DRX. Therefore, the question now is whether one prefers Scenario A2 or a “cell switch-off or DTRX bit” in the DCI 2_9 that would allow for Scenario A1 in the case of the CHO for NES due to cell switch-off. Our opinion is that introducing a “cell switch-off or DTRX bit” may address only half of the issue (i.e., it allows for Scenario A1 exclusively in the case when the CHO for NES is triggered due to a cell switch-off) and it does not help in addressing the UE behaviour in the case when the CHO for NES is triggered due to a Cell DTX/DRX. Therefore, we support Scenario A2.

1. [bookmark: _Toc163200522]RAN2 to support Scenario A2 that specifies the UE behaviour upon the reception of NES CHO configuration and subsequent DCI 2_9. 

Another related issue that was raised during the RAN2#125 meeting was about possibly different interpretations of certain parts in the current specification in Section 5.3.5.13.4 of the current running 38.331 CR [2]. These possibly ambiguous parts are highlighted in the specification text below.
3>  if the condTriggerConfig is not configured with nesEvent:
4>  if the condEventId is associated with condEventT1, and if the entry condition applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cell; or
4> if the condEventId is associated with condEventD1, and if the entry conditions applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cell during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig; or
4>  if the condEventId is associated with condEventD2, and if the entry conditions applicable for this event associated with the condReconfigId, i.e., the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cell during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig; or
4>  if the condEventId is associated with condEventA3, condEventA4 or condEventA5, and if the entry condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:
5> consider the event associated to that measId to be fulfilled;
4>  if the measId for this event associated with the condReconfigId has been modified; or
4>  if the condEventId is associated with condEventT1, and if the leaving condition applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cell; or
4>if the condEventId is associated with condEventD1, and if the leaving condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cell during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig; or
4>  if the condEventId is associated with condEventD2, and if the leaving condition(s) applicable for this event associated with the condReconfigId, i.e., the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cell during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig; or
4>  if the condEventId is associated with condEventA3, condEventA4 or condEventA5, and if the leaving condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:
5> consider the event associated to that measId to be not fulfilled;
3>  else:
4>  if NES mode indication is received from lower layers, indicating that the NES-specific CHO execution condition of the PCell is enabled; and
4>  the entry condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:
5> consider the event associated to that measId to be fulfilled;
4>  if the measId for this event associated with the condReconfigId has been modified; or
4>  if NES mode indication is received from lower layers, indicating that the NES-specific CHO execution condition of the PCell is disabled; or
4>  if the leaving condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:
5> consider the event associated to that measId to be not fulfilled;
Regarding, the possible ambiguity in the specification text highlighted above, there may be two different interpretations of what “and” implies. According to one of the interpretations, “and” implies that the UE behaviour is specified only when both conditions (i.e., NES mode indication is received from lower layers and the entry condition(s)) are satisfied. Consequently, this interpretation implies that the combinations in which one of the conditions is not satisfied are undefined. According to another interpretation, “and” implies that the UE continues its normal behaviour until both conditions are satisfied. In our opinion, there is no ambiguity, and it is clear that “and” implies that the UE behaviour is specified only when both conditions are satisfied. Furthermore, our understanding is also that the combinations in which one of the conditions is not satisfied are undefined in the current specification text. Therefore, our understanding is that there is no specification on the UE behaviour unless both conditions are satisfied, which eliminates the second interpretation. 

1. [bookmark: _Toc163200523]RAN2 to confirm that the UE behaviour is specified only when both conditions (i.e., NES mode indication is received from lower layers and the entry condition(s)) are satisfied, and hence that the combinations in which one of the conditions is not satisfied are undefined.

One remaining aspect is when the UE should evaluate/measurements for the NES CHOs.
Normal CHOs are evaluated/measured for as soon as configured, but this may not be suitable for NES CHOs. NES CHOs are used differently compared to normal CHOs though. The purpose of the NES CHOs is that the network can provide them long in advance (e.g. as soon as the UE enters the cell), but a NES CHO should never execute before the associated DCI. So, it would waste UE power if the UE evaluating/measuring for NES CHOs as soon as the UE gets them.
It wastes UE power if the UE is required to evaluate, and measure for, the NES CHO upon configuration.

Therefore, we think that it should be possible that the UE skips evaluating/measuring for the NES CHO before the DCI is received because they should anyway not execute before the DCI so evaluating them wastes UE power.
[bookmark: _Toc163200524]The UE shall be allowed to skip evaluating and measuring for the NES CHO before the DCI is received.

We see two approaches to achieve Proposal 3:

Approach A
· The network configures a timer for the UE. The network set this time to roughly how long time the network expects to keep the NES cell alive after the DCI, e.g. 3 seconds.
· The UE starts this timer when the DCI is received. The UE measures for and evaluates the NES CHO while the timer is running if a NES CHO event conditions becomes fulfilled the UE will execute such NES CHO.
· When the timer expires the UE declares RLF. And in response to declaring RLF, the UE will (as current spec) executes the NES CHO if one has been provided for the selected cell.
· Alternatively, RAN2 specifies that the UE automatically performs a CHO when the timer expires.
· The network turns off the source cell after the timer duration.

Approach B
· The network sets a flag in the NES CHO saying that the UE is allowed to skip evaluating/measuring for the NES CHO before the DCI.
· The network sends the DCI which makes the UE start evaluating/measuring for the NES CHO.
· By implementation, the network keeps the source cell awake a long enough time so that the UE should have had time to execute one of the NES CHOs, e.g., 3 seconds.
· If some UE anyway remains in the source cell when the cell it is turned off, those UEs will experience RLF and will automatically (as per current spec) execute any CHO.

The difference between these approaches is that with Approach A the UE will for sure have left the cell after the timer duration. With Approach B it is instead left to network implementation to wait sufficiently long time to allow UEs to leave the cell.

We propose Approach A:

1. [bookmark: _Toc163200525]In order to aid the UEs in energy savings and relieve the UEs from unnecessary measurement efforts, a conditional handover timer is defined for the NES-triggered CHO. The timer is started at DCI reception. 


3	Handling and preventing failure cases
In order to help the network in handling and preventing coverage holes that may be caused by a cell entering a cell DTX/DRX or cell off, the UE can provide the network with certain information.  In particular, if the UE is performing HO or CHO and experiences HO failure due to source or target cell being or entering in cell DTX/DRX, UE should inform the network about the HO failure cause. Also, when the HO is successful, UE should inform the network about NES conditions of the source/target cell.


[bookmark: _Toc163200526]If the UE is performing HO or CHO, UE should inform the network about the HO trigger cause, i.e., if the HO was triggered because the serving cell wanted to enter Cell DTX/DRX or switch off (single bit indication can be considered), in the HO failure report and in the successful HO report.


Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to support Scenario A2 that specifies the UE behaviour upon the reception of NES CHO configuration and subsequent DCI 2_9.
Proposal 2	RAN2 to confirm that the UE behaviour is specified only when both conditions (i.e., NES mode indication is received from lower layers and the entry condition(s)) are satisfied, and hence that the combinations in which one of the conditions is not satisfied are undefined.
Proposal 3	The UE shall be allowed to skip evaluating and measuring for the NES CHO before the DCI is received.
Proposal 4	In order to aid the UEs in energy savings and relieve the UEs from unnecessary measurement efforts, a conditional handover timer is defined for the NES-triggered CHO. The timer is started at DCI reception.
Proposal 5	If the UE is performing HO or CHO, UE should inform the network about the HO trigger cause, i.e., if the HO was triggered because the serving cell wanted to enter Cell DTX/DRX or switch off (single bit indication can be considered), in the HO failure report and in the successful HO report.
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