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Introduction
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]In this contribution, we will discuss the LS on NES CHO. And in our companion contribution, we will discuss the remaining issues on techniques in spatial and power domains [1], and the remaining issues for the enhancements on cell DTX/DRX mechanism [2].
L1 signaling for cell off indication for CHO
In the previous RAN2#123bis meeting, the following agreements were made on CHO with NES:
	CHO
· We agreed to use group common DCI forma 2-X for indicating “cell off” case that may then trigger CHO NES event
· Details how to capture new CHO NES event are left for email discussion. It may become bit complex if rapporteur is not willing to make this simple. 
· After short discussion it was agreed that we don’t need to any work for UE to take target cell NES mode into account


Following with the RAN2 LS request (R2-2311589) to RAN1 on requesting to add the indication of NES “cell off” for conditional handover (CHO), as shown below: 
	RAN2 discussed network energy saving in RAN2#123bis, and made below agreement related to Conditional Handover (CHO) enhancement:
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.
The intention of the additional one bit (instead of reusing Cell DTX/DRX activation indication in DCI 2-X) is to decouple CHO enhancement for NES from Cell DTX/DRX activation. 


To our view, from RAN1 perspective, the earlier introduced group-common DCI format 2-9 in Rel18 NES for (de-)activation of cell DTX/DRX can be reused for NES cell off indication for CHO.
Proposal 1: The introduced group-common DCI format 2-9 in Rel18 NES for (de-)activation of cell DTX/DRX can be reused for NES cell off indication for CHO.

Furthermore, considering of adding the additional one bit indication for NES cell off for CHO in DCI format 2-9, with one way, it can be rather straightforward to add 1-bit for indicating of serving cell NES off for CHO in each block corresponding to each serving cell in a gNB (Alt-1).
However, practically the HO procedure is based on the Pcell of a UE, not the Scell, the added 1-bit for each serving cell for indicating of NES cell off can be a bit redundant if a given block/serving cell is utilized only as Scell for all UEs in the cell, meaning that there is no need to have the NES cell off indication for Scell of UEs, and the "cell off" indication via Pcell is sufficient for UEs performing HO. Thus, from configuration perspective, it is sensible for gNB to configure which serving cells have the corresponding bit for NES cell off indication, as well as the starting position of the bit if needed. As an example shown in Figure 1, assuming that the serving cell of Block#3 is used as Scell for all UEs in the gNB, thus there is no need for the indication bit configured for NES cell off for CHO of that block.

	Block #1
Contains (de)-activation indication of cell DTX and DRX of cell #1 (2-bit)
+Cell off indication (1-bit)
	Block #2
Contains (de)-activation indication of only cell DTX or DRX of cell #2 (1-bit)
+Cell off indication (1-bit)
	Block #3
Contains (de)-activation indication of cell DTX and DRX of cell #3 (2-bit)

	…
	Block #N
Contains (de)-activation indication of cell DTX and DRX of cell #N (2-bit)
+Cell off indication (1-bit)
	Padding

	2+1=3 bits
	1+1=2 bit
	2 bits
	…
	2+1=3 bits
	


Starting position for UEs whose serving cell is cell #1
Starting position for UEs whose serving cell is cell #N
Starting position for UEs whose serving cell is cell #3
Starting position for UEs whose serving cell is cell #2




Figure 1: Illustration of the new DCI format 2_9 content indicating a single cell DTX and/or cell DRX (de)-activation and cell off (Alt-1).
Observation 1: With one way (Alt-1), it can be rather straightforward to add 1-bit for indicating of serving cell NES off for CHO in each block corresponding to each serving cell in DCI format 2_9.
Proposal 2: From configuration perspective, it is sensible for gNB to configure which serving cells/blocks have the corresponding bit for NES cell off indication, as well as the starting position of the bit if needed.
For another approach (Alt-2), instead of adding 1-bit for each block, we may also consider utilizing the padding bits for indication of serving cells off for CHO, as shown in Figure 2, where: 
· Option-1: The bit string for NES cell off indication can be placed after the bit string for cell DTX/DRX (de-)activation indication as an example shown in Figure-2, where again a new starting bit position shall be configured via higher-layer configuration for monitoring the indication of serving cell NES off for CHO. The bit string for the serving cell NES off indication can be in a form of either a single block or multi-block structure. 
· With single-block structure, each bit in the bit string represents a serving cell and the length of the bit string can be equal to the total number or subset of serving cells in gNB.
· With multi-block structure, simlar as it was defined for the indication of (de-)activation of cell DTX/DRX can be applied, where with fixed 1-bit per block if the NES cell off is enabled.
· Option-2: As another alternative, the newly added bits for cell off indication for CHO can be also consider to be placed before the cell DTX/DRX (de)-activation indication, where the rest of the design, i.e. new starting bit postion configuration, bit string block structure, etc., are the same as described in Option-1.
Moreover, considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, the UE may skip the information on the cell DTX/DRX (de)-activation indication if its serving cell is indicated off.

	Block #1
Contains (de)-activation indication of cell DTX and DRX of cell #1
	Block #2
Contains (de)-activation indication of only cell DTX or DRX of cell #2
	Block #3
Contains (de)-activation indication of cell DTX and DRX of cell #3
	…
	Block #N
Contains (de)-activation indication of cell DTX and DRX of cell #N
	Cell off indication
	Padding


	
	
	
	
	
	
	
	
	
	
	

	2 bits
	1 bit
	2 bits
	…
	2 bits
	x bits
	


Additional starting position for cell OFF indication
Starting position for UEs whose serving cell is cell #N
Starting position for UEs whose serving cell is cell #1
Starting position for UEs whose serving cell is cell #3
Starting position for UEs whose serving cell is cell #2




Figure 2: Illustration of the new DCI format 2_9 content indicating a single cell DTX and/or cell DRX (de)-activation and cell off (Alt-2).
Observation 2: Instead of adding 1-bit for each block, we may also consider utilizing the padding bits for indication of serving cells off for CHO (Alt-2).
Proposal 3: The bit field for NES cell off indication can be considered to be placed either after or before the bit field for cell DTX/DRX (de-)activation indication.
Proposal 4: The information bit string for the serving cell NES off indication can be in a form of either a single block or multi-block structure. 
· With single-block structure, each bit in the bit string represents a serving cell and the length of the information bit string can be equal to the total number or subset of serving cells in gNB.
· With multi-block structure, similar as it was defined for the indication of (de-)activation of cell DTX/DRX can be applied, where with fixed 1-bit per block if the NES cell off for CHO is enabled.
Proposal 5: Considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, the UE may skip the information on the cell DTX/DRX (de)-activation indication if its serving cell is indicated off.
Furthermore, for the above Alt-1 and Alt-2, the indication for NES cell off for CHO is mixed or combined with the indication for cell DTX/DRX (de-)activation in the same bit field string of DCI format 2-9. Considering that these two NES features can be rather independent to each other, where the (de-)activation of cell DTX/DRX and cell OFF for CHO do not need to be indicated at the same time for the same cell. 
Observation 3: The two NES features (i.e. Cell DTX/DRX (de-)activation and NES cell OFF for CHO) do not need to be indicated at the same time for the same serving cell.
Thus, to limit the UE reception complexity on DCI format 2-9 (i.e. UE decoding a bit field information of only one of the NES features), it can be benefit to re-interpret the bit fields of DCI format 2-9 (Alt-3) where it was originally defined for cell DTX/DRX (de-)activation indication, and to add a bit in the bit string (e.g. 1st bit of the bit string) to inform the UE which one of the two NES features (i.e. Cell DTX/DRX (de-)activation and Cell OFF for CHO) should be considered for the indicated information in the bit field.
Proposal 6: To limit the UE reception complexity on DCI format 2-9 (i.e. UE decoding a bit field information of only one of the NES features, as another alternative (Alt-3), it can be benefit to re-interpret the bit fields of DCI format 2-9 as it was originally defined for cell DTX/DRX (de-)activation indication. 
Proposal 7: A flag bit in the information bits informs the UE which one of the two NES features (i.e. Cell DTX/DRX (de-)activation and Cell OFF for CHO) should be considered.
The flag bit can be considered to be either per block (i.e. with re-interpret the information bits only within a given block for a serving cell, such that one or more of the serving cells can be indicated as CHO cell off and other serving cells can be indicated with the changing of the cell DTX/DRX status), or as another alternative the flag bit can be also considered for the whole information bit in the bit field of DCI format 2_9, i.e. with one example as shown in Figure 3, a flag-bit in the bit string of the DCI (e.g., 1st bit of the bit string) informs UEs which one of the two NES features (i.e., Cell DTX/DRX or Cell OFF) should be considered for the indicated information in the bit string, where:
· a flag-bit with value=0 represents the bit string is used for (de-)activation of cell DTX/DRX purpose, where multi-block structure is applied by UE. 
· a flag-bit with value=1 represents the bit string is used for cell off indication for CHO, where single block structure is assumed and applied by UEs.

	


Figure 3: Illustration of the new DCI format 2_9 content indicating a single cell DTX and/or cell DRX (de)-activation and cell off (Alt-3). 



Proposal 8: Considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, Alt-3 is preferred.

Conclusions
In this contribution, we have the following observations and proposals:
Proposal 1: The introduced group-common DCI format 2-9 in Rel18 NES for (de-)activation of cell DTX/DRX can be reused for NES cell off indication for CHO.
Observation 1: With one way (Alt-1), it can be rather straightforward to add 1-bit for indicating of serving cell NES off for CHO in each block corresponding to each serving cell in DCI format 2_9.
Proposal 2: From configuration perspective, it is sensible for gNB to configure which serving cells/blocks have the corresponding bit for NES cell off indication, as well as the starting position of the bit if needed.
Observation 2: Instead of adding 1-bit for each block, we may also consider utilizing the padding bits for indication of serving cells off for CHO (Alt-2).
Proposal 3: The bit field for NES cell off indication can be considered to be placed either after or before the bit field for cell DTX/DRX (de-)activation indication for the same serving cell.
Proposal 4: The information bit string for the serving cell NES off indication can be in a form of either a single block or multi-block structure. 
· With single-block structure, each bit in the bit string represents a serving cell and the length of the information bit string can be equal to the total number or subset of serving cells in gNB.
· With multi-block structure, similar as it was defined for the indication of (de-)activation of cell DTX/DRX can be applied, where with fixed 1-bit per block if the NES cell off for CHO is enabled.
Proposal 5: Considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, the UE may skip the information on the cell DTX/DRX (de)-activation indication if its serving cell is indicated off.
Observation 3: The two NES features (i.e. Cell DTX/DRX (de-)activation and NES cell OFF for CHO) do not need to be indicated at the same time.
Proposal 6: To limit the UE reception complexity on DCI format 2-9 (i.e. UE decoding a bit field information of only one of the NES features, as another alternative (Alt-3), it can be benefit to re-interpret the bit fields of DCI format 2-9 as it was originally defined for cell DTX/DRX (de-)activation indication. 
Proposal 7: A flag bit in the information bits informs the UE which one of the two NES features (i.e. Cell DTX/DRX (de-)activation and Cell OFF for CHO) should be considered.
Proposal 8: Considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, Alt-3 is preferred.
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