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In this document, we discuss the maintanence issues with network energy saving features and techniques in cell DTX/DRX operation.

Discussion 
LS on NES-mode Indication in DCI Format 2-9
LS from RAN2 on support of NES-mode indication in DCIT Format 2-9 was received [1]. RAN2 had reached an agreement related to conditional handover (CHO) enhancement targeting network energy savings.
	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.


Based on the RAN2 agreement, RAN2 mentioned that the intention of the additional one bit (instead of reusing cell DTX/DRX activation indication in DCI Format 2-9) is to de-couple CHO enhancement for NES from cell DTX/DRX activation.
From our understanding, the motivation behind the NES mode indication is to trigger CHO for UEs such that UEs can perform an early HO to another cell, in which after the original serving cell will try to become dormant and go into what is referred to as NES-mode. Because the purpose of the indication to group indicate to all UEs to move out to other cells, on high-level there may only need to be 1 bit per cell across all UEs. However, CHO configurations are UE-specific and conditions in which UE can reliably perform HO can depend on scenario that the UE is in. By having the indication to be available as UE specific for each serving cell, the network will have the possibility to trigger CHO for set of UEs that are ready and is reliable for HO and for other UEs further wait for HO to be triggered. This kind of flexibility would be essential for the network to guarantee reliable connectivity for the UEs.
Based on the LS from RAN2, we propose to add 1 more bit to the information block, which could potentially make the block size vary between 1 ~ 3 bits depending on whether cell DTX/DRX is configured and cell off indication.
Proposal 1:
· Add 1 more bit to information block of DCI format 2-9, which exist only if NES-mode indication configuration is provided.

In addition, the RAN2 has updated the cell DTX/DRX configuration RRC parameters in the running CR. Based on the updated RRC parameters in RAN2, cellDTXDRXconfigType contained in cellDTXDRX-Config indicates whether the configuration is for cell DTX, or cell DRX, or both cell DTX and DRX. We proposed to use the configuration type indication to determine the number of bits for information block.
Proposal 2:
· Clarify that cellDTXDRXconfigType indication determines the number of bits for cell DTX/DRX activation and deactivation in a information block of DCI format 2-9.

	Reasons for change:
Missing cell-off indication configuration required for CHO enhancement in DCI format 2-9. RRC parameters to determine whether there should be 0, 1, or 2 bits for the cell DTX/DRX activation/deactivation is missing.
Summary of change:
Add NES-mode indication to information block of DCI format 2-9.
Add the RRC parameters for determining whether there is 0, 1, or 2 bits for cell DTX/DRX activation/deactivation.
Consequence if not approved:
RRC parameters names are missing. NES-mode indication functionality supported by CHO enhancement in RAN2 specification is unsupported and results in incomplete specification. 

	===== TP for TS38.212 =======
7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX/DRX configuration of one or multiple serving cells for one or more UEs. 
The following information is transmitted by means of the DCI format 2_9 with CRC scrambled by NES-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 XYZ, one or more blocks are configured for the UE by higher layers, with the following field defined for each block:
-	cell-off indication - 1 bit if ABC is configured for the serving cell; otherwise, 0 bit. 
-	Cell DTX/DRX indication - 2 bits if XYZcellDTXDRXconfigType is configured to dtxdrx for the serving cell, with the MSB corresponding to cell DTX configuration and the LSB corresponding to cell DRX configuration; 1 bit cellDTXDRXconfigType is configured to either dtx or drx for the serving cell; otherwise 01 bit. 
The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9.
-- unchanged text omitted --



DCI Format 2-9 Monitoring during non-active times of C-DRX
In RAN1 # 114-bis, considerable amount of time was spent discussing the issue of DCI format 2-9 monitoring during non-active times of C-DRX. The two alternatives under discussion were the following.
· Alt 1’) UE does not monitor DCI format 2-9 during non-active periods of C-DRX
· Alt 2) UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX
 
Given that RAN2 has requested support for cell-off indication to quickly trigger CHO for UEs and move out the UEs so that cell could be turned off or put in some dormant state, it seems there are great benefits for the cell-off indication to be able to triggere for all UEs quickly. This would apply to all connected mode UE, even those configured with C-DRX. If the UE has been configured with CHO, whether the UE is in non-active periods of C-DRX or not, there would be benefit for both gNB and UE to know that UE should immediately perform HO to another cell. As such, we think the UE should expect to monitor DCI format 2-9 even during non-active periods of C-DRX.
It should be noted that from our understanding the current specification behavior is actually Alt 2. The RAN2 specification provides the information about general PDCCH monitoring during DRX. The current specification only control PDCCH monitoring for C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. The following is copy of the TS38.321 specification. This is the same reason that UE is able to monitor DCI format 2-6 during non-active periods of DRX, as it uses PS-RNTI which is not covered by the RAN2 specification. 

	5.7 Discontinuous Reception (DRX) 
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].



Proposal 3:
· UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX.
· Note: RAN1 and RAN2 specification is not expected to be required for this.

CSI measurement occasion with cell DTX
One of the issues raised during RAN1 #114-bis was definition of most recent CSI measurement occasion when cell DTX is configured. Similar to how non-active periods of C-DRX were not considered part of the most recent CSI measurement occasion, we believe the non-active periods of cell DTX should not be considered part of the most recent CSI measurement occasion when CSI measurement is for CSI is with RI feedback.

Proposal 4:
· When cell DTX is activated by RRC or DCI format 2-9, the most recent CSI-RS measurement occasion occurs in active period of cell DTX.
	Reasons for change:
For a CSI reporting, the most recent CSI-RS measurement occasion is unclear when cell DTX is activated by RRC or DCI format 2-9.
Summary of change:
When cell DTX is activated by RRC or DCI format 2-9, the most recent CSI-RS measurement occasion occurs in active period of cell DTX.
Consequences if not approved:
For a CSI reporting, the most recent CSI-RS measurement occasion is unclear when cell DTX is activated.

	==== TP for TS38.214 ====
5.1.6.1	CSI-RS reception procedure
-- unchanged text omitted --
If the UE is configured with DRX, 
-	if  the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-TransmitOtherPeriodicCSI to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than 'cri-RSRP' and 'ssb-Index-RSRP' when drx-onDurationTimer in DRX-Config is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer in DRX-Config also outside DRX active time for CSI to be reported;
-	if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-TransmitPeriodicL1-RSRP to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to cri-RSRP when drx-onDurationTimer in DRX-Config is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer in DRX-Config also outside DRX active time for CSI to be reported;
-	otherwise, the most recent CSI measurement occasion occurs in  active time for CSI to be reported.
During non-active periods of cell DTX, the UE configured with cell DTX is not expected to receive the periodic CSI-RS and semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig associated with the higher layer parameter reportQuantity comprising at least ‘RI’. If the cell DTX is activated, the most recent CSI measurement occasion occurs in active periods of cell DTX for CSI report configured by CSI-ReportConfig associated with the higher layer parameter reportQuantity comprising at least ‘RI’.
-- unchanged text omitted --



UCI multiplexing during cell DTX/DRX
In RAN1 #114-bis, several companies provided discussions on how to handle the UCI multiplexing when parts of the transmission or reception is effected by cell DTX and DRX operation. For UCI multiplexing cases, especially those related to HARQ-ACK, we believe it is beneficial to not impact how HARQ-ACK codebook and information generation is performed by cell DTX and DRX operations. The handling of HARQ-ACK depending on different timelines of the UE is quite complicated and addition of additional logic and cases to handle differently just simple add the complexity.
TP #23-6A from moderator summary [2], seems to capture our preferred approach. As such, we suggest adopting TP#23-6A from [2].

Proposal 5:
· Specify that during the non-active periods of cell DRX, while multiple UCIs/PUSCHs overlap in a slot and part of them are impacted by cell DRX, the UCIs/PUSCHs impacted by cell DRX should be considered within the UL multiplexing procedure. And the UE follows the multiplexing rule as legacy
· Adopt TP#23-6A from R1-2310454.

TP #23-6A (TS38.213) 
	Reasons for change: To avoid complex UL multiplexing rules for cases that multiple UCIs/PUSCHs overlap in a slot during the non-active periods of cell DRX, and part of the UCIs/PUSCHs are impacted by cell DRX.

	Summary of change:
Specify that during the non-active periods of cell DRX, while multiple UCIs/PUSCHs overlap in a slot and part of them are impacted by cell DRX, the UCIs/PUSCHs impacted by cell DRX should be considered within the UL multiplexing procedure. And the UE follows the multiplexing rule as legacy.

	Consequence if not approved:
When there is a detection error in DCI format 2_9, the understanding of UL multiplexing during the non-active periods of cell DRX from the UE and NW side can be totally different (e.g., the payload of the UL transmission, and the UL resource it uses), so that the gNB cannot receive the UL transmission sent by UE.

	---------------------------- Start of Text Proposal for TS 38.213 -----------------------------
< Unchanged parts are omitted >
9.2.5	UE procedure for reporting multiple UCI types
< Unchanged parts are omitted >
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, one of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH is not in response to a DCI format detection, the UE expects that the first symbol  of the earliest PUCCH or PUSCH satisfies the first of the previous timeline conditions with the exception that components associated to a SCS configuration for a PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions.
A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.
If UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, while the slot is in the non-active periods of cell DRX, and part of UCI type associated with PUCCH(s) are impacted by cell DRX or part of PUSCH(s) are impacted by cell DRX, the UE expects to multiplex all corresponding PUCCH(s) or all corresponding PUSCH(s) as described in clauses 9.2.5.0 to 9.2.5.4.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------




Conclusions
In this contribution, we discussed different aspects of cell DTX/DRX operations and we have the following observations and proposals.

Proposal 1:
· Add 1 more bit to information block of DCI format 2-9, which exist only if NES-mode indication configuration is provided.
Proposal 2:
· Clarify that cellDTXDRXconfigType indication determines the number of bits for cell DTX/DRX activation and deactivation in a information block of DCI format 2-9.

	Reasons for change:
Missing cell-off indication configuration required for CHO enhancement in DCI format 2-9. RRC parameters to determine whether there should be 0, 1, or 2 bits for the cell DTX/DRX activation/deactivation is missing.
Summary of change:
Add NES-mode indication to information block of DCI format 2-9.
Add the RRC parameters for determining whether there is 0, 1, or 2 bits for cell DTX/DRX activation/deactivation.
Consequence if not approved:
RRC parameters names are missing. NES-mode indication functionality supported by CHO enhancement in RAN2 specification is unsupported and results in incomplete specification. 

	===== TP for TS38.212 =======
7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX/DRX configuration of one or multiple serving cells for one or more UEs. 
The following information is transmitted by means of the DCI format 2_9 with CRC scrambled by NES-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 XYZ, one or more blocks are configured for the UE by higher layers, with the following field defined for each block:
-	cell-off indication - 1 bit if ABC is configured for the serving cell; otherwise, 0 bit. 
-	Cell DTX/DRX indication - 2 bits if XYZcellDTXDRXconfigType is configured to dtxdrx for the serving cell, with the MSB corresponding to cell DTX configuration and the LSB corresponding to cell DRX configuration; 1 bit cellDTXDRXconfigType is configured to either dtx or drx for the serving cell; otherwise 01 bit. 
The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9.
-- unchanged text omitted --



Proposal 3:
· UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX.
· Note: RAN1 and RAN2 specification is not expected to be required for this.

Proposal 4:
· When cell DTX is activated by RRC or DCI format 2-9, the most recent CSI-RS measurement occasion occurs in active period of cell DTX.
	Reasons for change:
For a CSI reporting, the most recent CSI-RS measurement occasion is unclear when cell DTX is activated by RRC or DCI format 2-9.
Summary of change:
When cell DTX is activated by RRC or DCI format 2-9, the most recent CSI-RS measurement occasion occurs in active period of cell DTX.
Consequences if not approved:
For a CSI reporting, the most recent CSI-RS measurement occasion is unclear when cell DTX is activated.

	==== TP for TS38.214 ====
5.1.6.1	CSI-RS reception procedure
-- unchanged text omitted --
If the UE is configured with DRX, 
-	if  the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-TransmitOtherPeriodicCSI to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than 'cri-RSRP' and 'ssb-Index-RSRP' when drx-onDurationTimer in DRX-Config is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer in DRX-Config also outside DRX active time for CSI to be reported;
-	if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-TransmitPeriodicL1-RSRP to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to cri-RSRP when drx-onDurationTimer in DRX-Config is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer in DRX-Config also outside DRX active time for CSI to be reported;
-	otherwise, the most recent CSI measurement occasion occurs in  active time for CSI to be reported.
During non-active periods of cell DTX, the UE configured with cell DTX is not expected to receive the periodic CSI-RS and semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig associated with the higher layer parameter reportQuantity comprising at least ‘RI’. If the cell DTX is activated, the most recent CSI measurement occasion occurs in active periods of cell DTX for CSI report configured by CSI-ReportConfig associated with the higher layer parameter reportQuantity comprising at least ‘RI’.
-- unchanged text omitted --



Proposal 5:
· Specify that during the non-active periods of cell DRX, while multiple UCIs/PUSCHs overlap in a slot and part of them are impacted by cell DRX, the UCIs/PUSCHs impacted by cell DRX should be considered within the UL multiplexing procedure. And the UE follows the multiplexing rule as legacy
· Adopt TP#23-6A from R1-2310454.

TP #23-6A (TS38.213) 
	Reasons for change: To avoid complex UL multiplexing rules for cases that multiple UCIs/PUSCHs overlap in a slot during the non-active periods of cell DRX, and part of the UCIs/PUSCHs are impacted by cell DRX.

	Summary of change:
Specify that during the non-active periods of cell DRX, while multiple UCIs/PUSCHs overlap in a slot and part of them are impacted by cell DRX, the UCIs/PUSCHs impacted by cell DRX should be considered within the UL multiplexing procedure. And the UE follows the multiplexing rule as legacy.

	Consequence if not approved:
When there is a detection error in DCI format 2_9, the understanding of UL multiplexing during the non-active periods of cell DRX from the UE and NW side can be totally different (e.g., the payload of the UL transmission, and the UL resource it uses), so that the gNB cannot receive the UL transmission sent by UE.

	---------------------------- Start of Text Proposal for TS 38.213 -----------------------------
< Unchanged parts are omitted >
9.2.5	UE procedure for reporting multiple UCI types
< Unchanged parts are omitted >
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, one of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH is not in response to a DCI format detection, the UE expects that the first symbol  of the earliest PUCCH or PUSCH satisfies the first of the previous timeline conditions with the exception that components associated to a SCS configuration for a PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions.
A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.
If UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, while the slot is in the non-active periods of cell DRX, and part of UCI type associated with PUCCH(s) are impacted by cell DRX or part of PUSCH(s) are impacted by cell DRX, the UE expects to multiplex all corresponding PUCCH(s) or all corresponding PUSCH(s) as described in clauses 9.2.5.0 to 9.2.5.4.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------



	

References
[1] R1-2311002, “LS on NES CHO,” RAN2, Apple
[2] R1-2310454, “Discussion summary #5 for enhancements on cell DTX/DRX mechanism,” Moderator (Intel Corporation)


7/7
