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1. Introduction
In last RAN4#109 meeting, the WF for NES has been agreed in [1]. Even though the big CR has been agreed in R4-2321616, the current spec for CHO requirement still has some open issue in editor notes as followings.
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There are still some opens issues for further discussion, and in this contribution, we continue the discussion on the RRM impact for NES feature, mainly focus on CHO.
2. RRM impacts on CHO
2.1	Issue 1: The scenario when UE receives a NES indication in DCI 2-9 command before receiving a RRC message implying conditional handover.
In last meeting, it was still open for a clear UE behavior when UE receives a NES indication in DCI 2-X command before receiving a RRC message implying conditional handover. In last RAN1 meeting, it was specified in TS38.213 that,
	[bookmark: _Toc137056426][bookmark: _Toc156237241]11.5	Adaptation of cell operation
A UE configured for operation on a serving cell according to one or both of a cell DTX operation and a cell DRX operation by cellDTXDRX-Config for the serving cell [11, TS 38.321], can be additionally provided by dci-Format2-9 a Type3-PDCCH CSS set to monitor PDCCH for detection of DCI format 2_9 as described in clause 10.1 during Active Time [11, TS 38.321], and a location in DCI format 2_9 by positionInDCI-cellDTRX of a cell DTX/DRX indication field for the serving cell and/or a NES-mode indication field for the PCell 
-	if the UE is configured with both cell DTX operation and cell DRX operation for the serving cell and if cellDTXDRX-L1activation is provided, the cell DTX/DRX indication field includes two bits where the first bit indicates the cell DTX operation and the second bit indicates the cell DRX operation
-	if the UE is configured with only one of the cell DTX operation and cell DRX operation for the serving cell and if cellDTXDRX-L1activation is provided, the cell DTX/DRX indication field includes one bit indicating one of the cell DTX operation and cell DRX operation, respectively, for the serving cell
-	a '0' value for a bit of the cell DTX/DRX indication field indicates deactivation of cell DTX or of cell DRX
-	a '1' value for a bit of the cell DTX/DRX indication field indicates activation of cell DTX or of cell DRX
-	if the serving cell is configured with a SUL carrier, the cell DTX/DRX indication field indication for activation or deactivation of cell DRX applies to both the UL carrier and the SUL carrier
-	if nesEvent is configured, the NES-mode indication field includes one bit indicating NES-specific CHO execution condition, as described in [12, TS 38.331]
-	a '0' value for the NES-mode indication field indicates NES-specific CHO execution condition is disabled
-	a '1' value for the NES-mode indication field, indicates NES-specific CHO execution condition is enabled



Thus, it only defined the UE behavior when the NES-mode indication in DCI 2-9 is indicated to UE after nesEvent is configured. And also in TS38.331-i00, it specified that, 
	5.3.5.13.4 Conditional reconfiguration evaluation
The UE shall:
1> for each condReconfigId within the VarConditionalReconfig:
2>for each measId included in the measIdList within VarMeasConfig indicated in the condExecutionCond, condExecutionCondSCG, or condExecutionCondPSCell associated to condReconfigId:
3>if the condTriggerConfig is not configured with nesEvent: ….(omit the irrelevant content)
3> else:
4> if NES mode indication is received from lower layers, indicating that the NES-specific CHO
execution condition is enabled; and…(omit the irrelevant content)


 
RAN2 also defined the procedure only for the scenario that UE received RRC CHO configuration first and then UE received the NES-mode indication. In some implementations, when UE receives DCI 2-9 indication of NES mode before NES CHO RRC configuration, UE may keep the lower layer indication and wait network RRC configuration, but this low layer indication only applies when RRC CHO configuration comes with nesEvent. However, it’s hard to standardize such UE implementation in a RRM requirement, and therefore we prefer to treat this case as an error case and no requirement shall be defined for it. In other word, UE will treat it as error case, and UE will drop or ignore the NES indication in DCI 2-9 for CHO. After this DCI 2-9 command, if UE received RRC configuration of CHO with nesEvent, UE will still apply the legacy threshold for CHO decision until it receive a new DCI 2-9 command of NES indication. 

Proposal 1: For the scenario when UE receives a NES indication in DCI 2-9 command before receiving a RRC message implying CHO, it shall be treated as an error case and no requirement shall be applied for this case.

2.2 Issue 2: Starting point, measurement time delay and TEvent_DU for NES CHO
Since the NES mode condition is different from legacy CHO condition, the single TEvent_DU cannot very well represent the uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover, for both the NES CHO condition and legacy condition cases. We use the following figure to look into the details for this NES CHO procedure, and to investigate the requirements if DCI 2-9 of NES mode indication is received at different time during this procedure.
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Figure 1. CHO procedure timeline with different cases of DCI2-9 arrival timing

As the NES CHO condition is most likely easier or earlier to meet than the legacy CHO condition (e.g., lower RSRP threshold for target cell to handover to), here we assume TEvent_DU_NES is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover in NES mode.

There are 5 cases for investigation:

Case 1: NES-mode indication decoded before TEvent_DU_NES

The NES CHO condition can exist earlier than legacy TEvent_DU with legacy CHO condition, and therefore the Tmeasure shall be counted from the ending point of once the NES CHO condition exists in the wireless environment. In this case, the TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a NES CHO condition exists at the measurement reference point which will trigger the conditional handover in NES mode.
To summarize case 1, 
For TEvent_DU, if UE successfully decodes DCI 2-9 command occurs earlier than when a NES CHO condition exists at the measurement reference point which will trigger the conditional handover in NES mode, the TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover in NES mode.
For Tmeasure, if UE successfully decodes DCI 2-9 command occurs earlier than TEvent_DU_NES, then the measurement time delay equal to Tidentify, and Tmeasure starts from the end of TEvent_DU_NES.
Case 2: NES-mode indication decoded after TEvent_DU_NES and before legacy TEvent_DU

Similar as case1, the NES CHO condition can exist earlier than legacy TEvent_DU with legacy CHO condition, and therefore the Tmeasure shall be counted from the ending point of once the NES CHO condition exists in the wireless environment. In this case, the TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a NES CHO condition exists at the measurement reference point which will trigger the conditional handover in NES mode.

To summarize case 2,  
For TEvent_DU, if UE successfully decodes DCI 2-9 command occurs later than {when a NES CHO condition exists at the measurement reference point which will trigger the conditional handover in NES mode} and earlier than {TEvent_DU in non-NES mode}, the TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover in NES mode.
For Tmeasure, if UE successfully decodes DCI 2-9 command occurs later than TEvent_DU_NES and earlier than {TEvent_DU in non-NES mode}, then the measurement time delay equal to Tidentify, and Tmeasure starts from the end of TEvent_DU_NES.

Case 3: NES-mode indication decoded after legacy TEvent_DU and before TEvent_DU_NES + Tidentify

This case was captured in the current TS38.133, however, the starting point of Tmeasure can be improved since the NES CHO condition can exist earlier than legacy CHO condition, e.g., NES CHO condition associated with a lower RSRP. Thus, we think the Tmeasure in this case shall start from the ending point of TEvent_DU_NES. And also, in this case, the TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a NES CHO condition exists at the measurement reference point which will trigger the conditional handover in NES mode.

To summarize case 3,  
For TEvent_DU, if UE successfully decodes DCI 2-9 command occurs later than {TEvent_DU in non-NES mode} and earlier than {TEvent_DU_NES+ Tidentify}, the TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover in NES mode.
For Tmeasure, if UE successfully decodes DCI 2-9 command occurs later than {TEvent_DU in non-NES mode} and earlier than {TEvent_DU_NES+ Tidentify}, then the measurement time delay equal to Tidentify, and Tmeasure starts from the end of TEvent_DU_NES.
Case 4: NES-mode indication decoded after TEvent_DU_NES + Tidentify and before TEvent_DU + Tidentify

In this case, UE has already completed the measurement to meet the NES CHO condition, but it may not able to meet legacy CHO condition (e.g., NES CHO condition has lower RSRP than legacy CHO condition). Thus, in this case, the TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a NES CHO condition exists at the measurement reference point which will trigger the conditional handover in NES mode. However, the Tmeasure equals to the time from the end of Tevent_DU_NES until UE successfully decodes DCI 2-9 command.

To summarize case 4,  
For TEvent_DU, if UE successfully decodes DCI 2-9 command occurs later than {TEvent_DU_NES + Tidentify } and earlier than { TEvent_DU in non-NES mode + Tidentify}, the TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover in NES mode.
For Tmeasure, if UE successfully decodes DCI 2-9 command occurs later than {TEvent_DU_NES + Tidentify } and earlier than { TEvent_DU in non-NES mode + Tidentify}, then the measurement time delay equal to the time from the end of Tevent_DU_NES until UE successfully decodes DCI 2-9 command, and Tmeasure starts from the end of TEvent_DU_NES.

Case 5: NES-mode indication decoded after TEvent_DU + Tidentify

This case has already been captured in the current TS38.133 very well. Thus, in this case, the TEvent_DU can be kept as the legacy TEvent_DU in non-NES mode. And the Tmeasure equals to the time from the end of Tevent_DU until UE successfully decodes DCI 2-9 command. However, in order to make spec more simple for reading, case 5 can also use TEvent_DU_NES, and accordingly, the Tmeasure equals to the time from the end of TEvent_DU_NES until UE successfully decodes DCI 2-9 command.

To summarize case 5,  
For TEvent_DU, if UE successfully decodes DCI 2-9 command occurs later than TEvent_DU + Tidentify, the TEvent_DU can be kept as the legacy TEvent_DU in non-NES mode, or for spec readability, TEvent_DU can be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover in NES mode
For Tmeasure if UE successfully decodes DCI 2-9 command occurs later than TEvent_DU + Tidentify, then the measurement time delay equal to the time from the end of Tevent_DU until UE successfully decodes DCI 2-9 command, and Tmeasure starts from the end of TEvent_DU; or for spec readability, the measurement time delay can equal to the time from the end of TEvent_DU_NES until UE successfully decodes DCI 2-9 command, and Tmeasure starts from the end of TEvent_DU_NES;

Summary for all 5 cases

	
	Timing of complete decoding DCI 2-9 command 
	TEvent_DU
	Tmeasure
	Starting point of Tmeasure

	Case 1
	before TEvent_DU_NES
	Use TEvent_DU_NES
	= Tidentify
	end of TEvent_DU_NES

	Case 2
	after TEvent_DU_NES and before legacy TEvent_DU
	Use TEvent_DU_NES
	= Tidentify
	end of TEvent_DU_NES

	Case 3
	after legacy TEvent_DU and before TEvent_DU_NES + Tidentify
	Use TEvent_DU_NES
	= Tidentify
	end of TEvent_DU_NES

	Case 4
	after TEvent_DU_NES + Tidentify and before legacy TEvent_DU + Tidentify
	Use TEvent_DU_NES
	= from the end of TEvent_DU_NES until UE decodes DCI 2-9 
	end of TEvent_DU_NES

	Case 5 (note 2)
	after legacy TEvent_DU + Tidentify
	Use TEvent_DU_NES
	= from the end of TEvent_DU_NES until UE decodes DCI 2-9
	end of TEvent_DU_NES

	Note1: TEvent_DU_NES is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover in NES mode; and TEvent_DU_NES is not greater than {legacy TEvent_DU in non-NES mode}.
Note2: case 5 use TEvent_DU_NES is only for spec readability, and it will not have any technical difference from using legacy TEvent_DU.
Note3: Tidentify here is just a generic notation for intra-/inter-freq cell identification delay with/without SSB index reading



Proposal 2: 
If UE receives DCI 2-9 of NES indication during the CHO procedure, TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a NES CHO condition exists at the measurement reference point which will trigger the conditional handover in NES mode.
Proposal 3: when UE receives DCI 2-9 of NES indication during the CHO procedure,
· If UE successfully decodes DCI 2-9 command occurs earlier than TEvent_DU_NES + Tidentify, then the measurement time delay equal to Tidentify.
· If UE successfully decodes DCI 2-9 command occurs later than TEvent_DU_NES + Tidentify, then the measurement time delay equals to the time from the end of TEvent_DU_NES until UE successfully decodes DCI 2-9 command.
· Tmeasure starts from the end of TEvent_DU_NES
· Note: Tidentify here is just a generic notation for intra-/inter-freq cell identification delay with/without SSB index reading, and can be detailed in CR.
Besides the above proposals, we didn’t see any problem to reuse the legacy starting point of delay requirements on NES-based CHO.

Proposal 4: starting point of legacy CHO delay requirement can be used for NES-based CHO delay requirement.

2.3 other issues
In last meeting, some companies also mentioned that if NES mode means serving cell will turn off the coverage/service, RAN4 needs to investigate the UE behaviour and corresponding requirement. We checked RAN2 agreements in previous meeting (RAN2#123bis), and duplicated below:
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.

If such DCI indication 2-9 that indicates the NES-specific CHO execution condition is enabled or disabled can also indicate that the serving cell will be turned off in a certain time period or immediately, UE may stop L1 measurement on current serving cell or may relax the L1 measurement on current serving cell (UE may use larger periodicity to perform L1 measurement), as well as triggering the neighbor cell measurement based on measurement objects regardless of serving cell quality is good or not. However, it is not very clear to us whether or not RAN4 needs to consider this scenario, since RAN2 has no further explanation in last RAN2#124 meeting.

Proposal 5: before going into the detailed discussion, RAN4 needs to double confirm if DCI2-9 can also indicate cell turning off. 
3. Conclusion
In this contribution, we discuss the RRM impact for NES feature.
Proposal 1: For the scenario when UE receives a NES indication in DCI 2-9 command before receiving a RRC message implying CHO, it shall be treated as an error case and no requirement shall be applied for this case.

Proposal 2: 
If UE receives DCI 2-9 of NES indication during the CHO procedure, TEvent_DU shall be defined as TEvent_DU_NES, i.e., delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a NES CHO condition exists at the measurement reference point which will trigger the conditional handover in NES mode.
Proposal 3: when UE receives DCI 2-9 of NES indication during the CHO procedure,
· If UE successfully decodes DCI 2-9 command occurs earlier than TEvent_DU_NES + Tidentify, then the measurement time delay equal to Tidentify.
· If UE successfully decodes DCI 2-9 command occurs later than TEvent_DU_NES + Tidentify, then the measurement time delay equals to the time from the end of TEvent_DU_NES until UE successfully decodes DCI 2-9 command.
· Tmeasure starts from the end of TEvent_DU_NES
· Note: Tidentify here is just a generic notation for intra-/inter-freq cell identification delay with/without SSB index reading, and can be detailed in CR.
Proposal 4: starting point of legacy CHO delay requirement can be used for NES-based CHO delay requirement.
Proposal 5: before going into the detailed discussion, RAN4 needs to double confirm if DCI2-9 can also indicate cell turning off. 
References
[1] R4-2321562, WF on RRM requirements for NR network energy saving, Huawei, HiSilicon, RAN4 #109

image3.emf
before TEvent DU NES +

Case4: NES-mode indication
received before TEvent_DU +
Tidentify and after TEvent_DU_NES
+ Tidentify

Case3: NES-mode
indication received

Case5: NES-mode
indication received
after TEvent DU +

Casel: NES-mode Tidentify and after Tidentify
indication received TEvent DU :
before Tevent_bu_NES ' E
]
]
i Case2: NES-mode E :
: indication received | E
E before E :
! Tevent DUNESand | 5. UE identified that | 8. UE transmits
1. RRC CHO ! after Tevent DU 1 the target cell is ; RACH to target
command i : : qualhfied for CHO | cell
! : : : :
‘ : : L i
] ! !
\d \ : Y
- > - > - : > - > - >
]

2. Trrc: RRC 3a. Tevent_puj Time 4, Tmeasuregl UE to

msg decoding uncertaintyjuntil  search andimeasure
condition met at ref targeticell
point *
< >
+—>
3b. TEvent_DU_NES: Time 4. Tmeasure: UE 10

uncertainty until NES

search and measure

condition met at ref point

target cell

6. TcHo_execution: UE
starts CHO procedure
and prepare for CHO

7. Tinterrupt: target cell

T/F tracking and
RACH preparation










image1.png
6.1.4.2.1 Handover delay
Procedure delays for all procedures that can command a conditional handover are specified in TS 38.331 [2].

‘When the UE receives a RRC message implying conditional handover the UE shall be ready to start the transmission of
the new uplink PRACH channel within Dcno seconds from the end of the last TTI containing the RRC command.

Where:

Trrc is the RRC procedure delay defined in clause 12 in TS 38.331 [2].

« pu is the delay uncertainty which is the time from when the UE successfully decodes a conditional

handover command until a condition exists at the measurement reference point which will trigger the conditional
handover.

Thneosr i the measurements time stated in clause 6.1.4.2.2.

Teno_exeeution i the conditional execution preparation time in clause 6.1.4.2.3.

conditional handover before receiving the NES indication in DCI 2-X command.,

When UE receives a RRC message implying N ed conditional handover but no NES indication in DCI 2-X

ment is applied.

q

FFS: The scenario when UE receives a NES indication in DCI 2-X command before receiving a RRC message implying
conditional handover.

For NES-based conditional handover, UE shall start RRM measurement before receiving the NES indication in DCI 2-
X command. The NES indication is specified in clause [5.5.4] in TS 38.331[2].

Editor Notes: FFS on the starting point of delay requirements on NES-based conditional handover
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Editor Notes: The measurement time delay for NES-based conditional handover is FFS.

Editor Notes: Tgyen pu for NES-based conditional handover is FFS.




