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 Introduction
In R1-2311002 (R2-2311589) [1], RAN2 sent an LS to RAN1 on specifying signaling support corresponding to the RAN2 agreement related to 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. 
In this contribution, we discuss on the design details and corresponding TPs for the CHO enhancement. 
 DCI format 2_9 to support CHO indication
In the current DCI format 2_9 structure, multiple blocks are configured and each block is used to indicate the activation/deactivation of cell DTX/DRX patterns for the corresponding serving cell. 
CHO will only be configured for PCell. However, since the UE only monitors DCI format 2_9 in one serving cell, this cell might not be its PCell. So basically, UE needs to be indicated for a position in the DCI to monitor for the CHO indication corresponding to its PCell. From network perspective, since this is a group common signaling, there will still be multiple blocks configured for the CHO indication. 
Observation: Although CHO can only be configured in PCell (ServCellIndex is 0 according to TS 38.331), the serving cell where UE is monitoring the DCI format 2_9 might not be its PCell because the UE only monitors DCI format 2_9 in one serving cell. Thus, UE needs to be indicated for a position in the DCI to monitor for the CHO indication corresponding to its PCell.

There are two alternatives to be considered:
Alt 1: The one bit for CHO indication is added in each block to indicate that the corresponding serving cell is entering NES mode. The starting position positionInDCI-cellDTRX for cell DTX/DRX bits per serving cell is reused for CHO indication. 
[image: ]
Fig. 1 Illustration of adding CHO bit in each block for cell DTX/DRX (Alt 1)

Alt 2: Introduce another set of blocks in DCI format 2_9 for CHO indication, and each block indicates the corresponding serving cell is entering NES mode. A new starting position positionInDCI-CHO per serving cell should be introduced for the CHO indication. 
[image: ]
Fig. 2 Illustration of adding CHO bit in separate blocks (Alt 2)
Proposal 1: The following alternatives can be considered to support CHO indication in DCI format 2_9: 
Alt 1: The one bit for CHO indication is added in each block of cell DTX/DRX activation/deactivation. The starting position positionInDCI-cellDTRX for cell DTX/DRX bits per serving cell is reused for CHO indication. 
Alt 2: Introduce another set of blocks in DCI format 2_9 for CHO indication. A new starting position positionInDCI-CHO per serving cell should be introduced for the CHO indication. 

In the following, we provide text proposals for both Alt 1 and Alt 2. 
 Text proposal for Alt 1
To support Alt 1, the CHO bit is configured within the same block as cell DTX/DRX activation, only one starting position is used for the block. For a UE that does not support L1 activation/deactivation of cell DTX/DRX, this starting position will be still configured and used for CHO indication. Therefore, it needs to be clarified on the condition so that UE would have correct understanding of the fields in DCI format 2_9 in TS 38.212 and also clarify that under what configurations, the UE would correctly understand that the DCI format 2_9 is used for adaptation of cell operation in TS 38.213. The TPs are provided accordingly as follows.  

	[bookmark: _Toc146188123][bookmark: _Toc146727671]Reason for change:
RAN2 sent an LS R1-2311002 (R2-2311589) by requesting to add one bit of DCI 2-9 to notify UE that source cell is entering NES mode. The intention of the additional one bit (instead of reusing Cell DTX/DRX activation indication in DCI 2-9) is to decouple CHO enhancement for NES from Cell DTX/DRX activation.

	Summary of change:
One bit per serving cell for notifying UE to enter NES mode is added in DCI 2-9.

	Consequences if not approved:
CHO enhancement for NES is not supported.

	
-----------------------------------------Text proposal for TS38.212 for Alt 1 ---------------------------------------------
TS38.212
< Unchanged parts are omitted >
7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells or notifying the serving cell is entering NES mode to trigger CHO enhancement of NES for one or more UEs. 
The following information is transmitted by means of the DCI format 2_9 with CRC scrambled by cellDTRX-RNTI:
-	block number 1, block number 2,…, block number N
	where the starting position of a block is determined by the parameter positionInDCI-cellDTRX provided by higher layers for the UE.
If the UE is configured with higher layer parameter XYZcellDTRX-RNTI and dci-Format2-9 , one or more blocks are configured for the UE by higher layers, with the following field defined for each block:
-	Cell DTX/DRX indication - 0 bit if UE is not configured with CellDTXDRX-Config, or does not support cell DTX/DRX triggered by DCI format 2_9; 2 bits if XYZ UE is configured with CellDTXDRX-Config and cellDTXDRXconfigType is configured as ‘dtxdrx’, with the MSB corresponding to cell DTX configuration and the LSB corresponding to cell DRX configuration; otherwise 1 bit. 

-    NES CHO indication - 1bit if conditionalReconfiguration is configured and the ServCellIndex  of this serving cell is 0. 
The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9.
< Unchanged parts are omitted >
-------------------------------------------------------End of Text proposal --------------------------------------------------


-----------------------------------------Text proposal for TS38.213 for Alt 1 ---------------------------------------------
TS 38.213
< Unchanged parts are omitted >
[bookmark: _Toc137056426][bookmark: _Toc146214457]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 by cellDTXConfig and a cell DRX operation by cellDRXConfig for the serving cell [11, TS 38.331], 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,  if UE supports cell DTX and/or cell DRX triggered by DCI format 2_9, 
-	if the UE is configured with both cell DTX operation and cell DRX operation for the serving cell, the cell DTX/DRX indicator 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,  the cell DTX/DRX indicator 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 indicator field indicates deactivation of cell DTX or of cell DRX
-	a '1' value for a bit of the cell DTX/DRX indicator field indicates activation of cell DTX or of cell DRX
-	if the serving cell is configured with a SUL carrier, the cell DTX/DRX indicator field indication for activation or deactivation of cell DRX applies to both the UL carrier and the SUL carrier
A UE does not expect to monitor PDCCH for detection of DCI format 2_9 on more than one serving cells.
< Unchanged parts are omitted >
-------------------------------------------------------End of Text proposal --------------------------------------------------






 Text proposal for Alt 2
To support Alt 2, the CHO bit is configured in a separate block as cell DTX/DRX activation. Another starting position is introduced for the block. Therefore, the UE could have a clear understanding of the field with the two different start positions. There is no need to change the current TS 38.213, only the Format 2_9 fields in TS 38.212 needs to be updated. The TP is provided accordingly as follows.  

	Reason for change:
RAN2 sent an LS R1-2311002 (R2-2311589) by requesting to add one bit of DCI 2-9 to notify UE that source cell is entering NES mode. The intention of the additional one bit (instead of reusing Cell DTX/DRX activation indication in DCI 2-9) is to decouple CHO enhancement for NES from Cell DTX/DRX activation.

	Summary of change:
One bit per serving cell for notifying UE to enter NES mode is added in DCI 2-9.

	Consequences if not approved:
CHO enhancement for NES is not supported.

	
---------------------------------------------Text proposal for TS38.212 for Alt 2 -----------------------------------------
< Unchanged parts are omitted >
7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells or notifying the serving cell is entering NES mode to trigger CHO enhancement of NES for one or more UEs. 
The following information is transmitted by means of the DCI format 2_9 with CRC scrambled by cellDTRX-RNTI:
-	block number 1, block number 2,…, block number N
	where the starting position of a block is determined by the parameter positionInDCI-cellDTRX or positionInDCI-CHO provided by higher layers for the UE.
If the UE is configured with higher layer parameter cellDTRX-RNTI, dci-Format2-9 and positionInDCI-cellDTRX, one or more blocks are configured for the UE  by higher layers, with the following field defined for each block:
-	Cell DTX/DRX indication - 2 bits if XYZ, with the MSB corresponding to cell DTX configuration and the LSB corresponding to cell DRX configuration; otherwise 1 bit. 
If the UE is configured with higher layer parameter cellDTRX-RNTI, dci-Format2-9 and positionInDCI-CHO, one block is configured for the UE by higher layers, with the following field defined for the block:
-    NES CHO indication - 1bit if conditionalReconfiguration is configured and the ServCellIndex  of this serving cell is 0. 

The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9.
-------------------------------------------------------End of Text proposal --------------------------------------------------


-----------------------------------------Text proposal for TS38.213 for Alt 2 ---------------------------------------------
TS 38.213
< Unchanged parts are omitted >
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 by cellDTXConfig and a cell DRX operation by cellDRXConfig for the serving cell [11, TS 38.331], 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, and a location in DCI format 2_9 by position-inDCI-cellDTRX of a cell DTX/DRX indicator field for the serving cell, 
-	if the UE is configured with both cell DTX operation and cell DRX operation for the serving cell, the cell DTX/DRX indicator 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,  the cell DTX/DRX indicator 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 indicator field indicates deactivation of cell DTX or of cell DRX
-	a '1' value for a bit of the cell DTX/DRX indicator field indicates activation of cell DTX or of cell DRX
-	if the serving cell is configured with a SUL carrier, the cell DTX/DRX indicator field indication for activation or deactivation of cell DRX applies to both the UL carrier and the SUL carrier
A UE does not expect to monitor PDCCH for detection of DCI format 2_9 on more than one serving cells.
< Unchanged parts are omitted >
-------------------------------------------------------End of Text proposal --------------------------------------------------




Proposal 2: Consider the TPs in sec 2.1 or 2.2 to support NES CHO indication in DCI format 2_9. 
 Impact on RRC parameters
In the current RRC parameter list sent to RAN2 [2], Row 11 (cellDTRX-DCI-config) and 13(cellDTRX-RNTI ) are marked as stable, with the following description only covering cell DTX/DRX activation/deactivation function. 
	Row
	Parameter name in the spec
	Description

	11
	cellDTRX-DCI-config
	Include the configuration for new DCI format 2_9 for activation/deactivation of cell DTX/DRX configuration of one or multiple serving cells.

	13
	cellDTRX-RNTI 
	Configure the RNTI value for scrambling CRC of DCI format 2_9 for activating and/or deactivating Cell DTX/DRX.




With the introduction of the CHO bit, at least the description part should be updated to also include the CHO indication. Also it would be better to change the parameter name to a more generic one. 
Proposal 4: Adopt the following change to the RRC parameter list. 
	Row
	Parameter name in the spec
	Description

	11
	cellESDTRX-DCI-config
	Include the configuration for new DCI format 2_9 for activation/deactivation of cell DTX/DRX configuration of one or multiple serving cells, or notifying the serving cell is entering NES mode to trigger CHO enhancement of NES.

	13
	cellESDTRX-RNTI 
	Configure the RNTI value for scrambling CRC of DCI format 2_9 for activating and/or deactivating Cell DTX/DRX, or notifying the serving cell is entering NES mode to trigger CHO enhancement of NES .



Also, as mentioned in Proposal 4, an additional starting position will be introduced in the RRC parameter list. 
Proposal 5: Add the following Row in RRC parameter list 
	Row
	Parameter name in the spec
	Description
	
	

	19
	positionInDCI-CHO
	Configure the starting bit position of an information block corresponding to CHO indication for the serving cell of DCI format 2_9
	0..[sizeDCI-2-9]-1
	Per serving cell



 Conclusions
Observation: Although CHO can only be configured in PCell (ServCellIndex is 0 according to TS 38.331), the serving cell where UE is monitoring the DCI format 2_9 might not be its PCell because the UE only monitors DCI format 2_9 in one serving cell. Thus, UE needs to be indicated for a position in the DCI to monitor for the CHO indication corresponding to its PCell.

Proposal 1: The following alternatives can be considered to support CHO indication in DCI format 2_9: 
Alt 1: The one bit for CHO indication is added in each block of cell DTX/DRX activation/deactivation. The starting position positionInDCI-cellDTRX for cell DTX/DRX bits per serving cell is reused for CHO indication. 
Alt 2: Introduce another set of blocks in DCI format 2_9 for CHO indication. A new starting position positionInDCI-CHO per serving cell should be introduced for the CHO indication. 

Proposal 2: Consider the TPs in sec 2.1 (Alt 1) or 2.2 (Alt 2) to support NES CHO indication in DCI format 2_9. 
TP for Alt 1
	Reason for change:
RAN2 sent an LS R1-2311002 (R2-2311589) by requesting to add one bit of DCI 2-9 to notify UE that source cell is entering NES mode. The intention of the additional one bit (instead of reusing Cell DTX/DRX activation indication in DCI 2-9) is to decouple CHO enhancement for NES from Cell DTX/DRX activation.

	Summary of change:
One bit per serving cell for notifying UE to enter NES mode is added in DCI 2-9.

	Consequences if not approved:
CHO enhancement for NES is not supported.

	
-----------------------------------------Text proposal for TS38.212 for Alt 1 ---------------------------------------------
TS38.212
< Unchanged parts are omitted >
7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells or notifying the serving cell is entering NES mode to trigger CHO enhancement of NES for one or more UEs. 
The following information is transmitted by means of the DCI format 2_9 with CRC scrambled by cellDTRX-RNTI:
-	block number 1, block number 2,…, block number N
	where the starting position of a block is determined by the parameter positionInDCI-cellDTRX provided by higher layers for the UE.
If the UE is configured with higher layer parameter XYZcellDTRX-RNTI and dci-Format2-9 , one or more blocks are configured for the UE by higher layers, with the following field defined for each block:
-	Cell DTX/DRX indication - 0 bit if UE is not configured with CellDTXDRX-Config, or does not support cell DTX/DRX triggered by DCI format 2_9; 2 bits if XYZ UE is configured with CellDTXDRX-Config and cellDTXDRXconfigType is configured as ‘dtxdrx’, with the MSB corresponding to cell DTX configuration and the LSB corresponding to cell DRX configuration; otherwise 1 bit. 
-    NES CHO indication - 1bit if conditionalReconfiguration is configured and the ServCellIndex  of this serving cell is 0. 
The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9.
< Unchanged parts are omitted >
-------------------------------------------------------End of Text proposal --------------------------------------------------


-----------------------------------------Text proposal for TS38.213 for Alt 1 ---------------------------------------------
TS 38.213
< Unchanged parts are omitted >
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 by cellDTXConfig and a cell DRX operation by cellDRXConfig for the serving cell [11, TS 38.331], 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,  if UE supports cell DTX and/or cell DRX triggered by DCI format 2_9, 
-	if the UE is configured with both cell DTX operation and cell DRX operation for the serving cell, the cell DTX/DRX indicator 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,  the cell DTX/DRX indicator 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 indicator field indicates deactivation of cell DTX or of cell DRX
-	a '1' value for a bit of the cell DTX/DRX indicator field indicates activation of cell DTX or of cell DRX
-	if the serving cell is configured with a SUL carrier, the cell DTX/DRX indicator field indication for activation or deactivation of cell DRX applies to both the UL carrier and the SUL carrier
A UE does not expect to monitor PDCCH for detection of DCI format 2_9 on more than one serving cells.
< Unchanged parts are omitted >
-------------------------------------------------------End of Text proposal --------------------------------------------------





TP for Alt 2
	Reason for change:
RAN2 sent an LS R1-2311002 (R2-2311589) by requesting to add one bit of DCI 2-9 to notify UE that source cell is entering NES mode. The intention of the additional one bit (instead of reusing Cell DTX/DRX activation indication in DCI 2-9) is to decouple CHO enhancement for NES from Cell DTX/DRX activation.

	Summary of change:
One bit per serving cell for notifying UE to enter NES mode is added in DCI 2-9.

	Consequences if not approved:
CHO enhancement for NES is not supported.

	
---------------------------------------------Text proposal for TS38.212 for Alt 2 -----------------------------------------
< Unchanged parts are omitted >
7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells or notifying the serving cell is entering NES mode to trigger CHO enhancement of NES for one or more UEs. 
The following information is transmitted by means of the DCI format 2_9 with CRC scrambled by cellDTRX-RNTI:
-	block number 1, block number 2,…, block number N
	where the starting position of a block is determined by the parameter positionInDCI-cellDTRX or positionInDCI-CHO provided by higher layers for the UE.
If the UE is configured with higher layer parameter cellDTRX-RNTI, dci-Format2-9 and positionInDCI-cellDTRX, one or more blocks are configured for the UE  by higher layers, with the following field defined for each block:
-	Cell DTX/DRX indication - 2 bits if XYZ, with the MSB corresponding to cell DTX configuration and the LSB corresponding to cell DRX configuration; otherwise 1 bit. 
If the UE is configured with higher layer parameter cellDTRX-RNTI, dci-Format2-9 and positionInDCI-CHO, one block is configured for the UE by higher layers, with the following field defined for the block:
-    NES CHO indication - 1bit if conditionalReconfiguration is configured and the ServCellIndex  of this serving cell is 0. 
[bookmark: _GoBack]
The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9.
-------------------------------------------------------End of Text proposal --------------------------------------------------


-----------------------------------------Text proposal for TS38.213 for Alt 2 ---------------------------------------------
TS 38.213
< Unchanged parts are omitted >
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 by cellDTXConfig and a cell DRX operation by cellDRXConfig for the serving cell [11, TS 38.331], 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, and a location in DCI format 2_9 by position-inDCI-cellDTRX of a cell DTX/DRX indicator field for the serving cell, 
-	if the UE is configured with both cell DTX operation and cell DRX operation for the serving cell, the cell DTX/DRX indicator 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,  the cell DTX/DRX indicator 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 indicator field indicates deactivation of cell DTX or of cell DRX
-	a '1' value for a bit of the cell DTX/DRX indicator field indicates activation of cell DTX or of cell DRX
-	if the serving cell is configured with a SUL carrier, the cell DTX/DRX indicator field indication for activation or deactivation of cell DRX applies to both the UL carrier and the SUL carrier
A UE does not expect to monitor PDCCH for detection of DCI format 2_9 on more than one serving cells.
< Unchanged parts are omitted >
-------------------------------------------------------End of Text proposal --------------------------------------------------






Proposal 4: Adopt the following change to the RRC parameter list to support CHO enhancement.
	Row
	Parameter name in the spec
	Description

	11
	cellESDTRX-DCI-config
	Include the configuration for new DCI format 2_9 for activation/deactivation of cell DTX/DRX configuration of one or multiple serving cells, or notifying the serving cell is entering NES mode to trigger CHO enhancement of NES.

	13
	cellESDTRX-RNTI 
	Configure the RNTI value for scrambling CRC of DCI format 2_9 for activating and/or deactivating Cell DTX/DRX, or notifying the serving cell is entering NES mode to trigger CHO enhancement of NES .



Proposal 5: Add the following Row in RRC parameter list to support CHO enhancement. 
	Row
	Parameter name in the spec
	Description
	
	

	19
	positionInDCI-CHO
	Configure the starting bit position of an information block corresponding to CHO indication for the serving cell of DCI format 2_9
	0..[sizeDCI-2-9]-1
	Per serving cell
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