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1. Introduction
[bookmark: Proposal_Beacon]One of the Techniques to improve network energy savings are the Techniques in time domain e.g., Cell DTX/DRX. Cell DTX/DRX is applied to at least UEs in RRC_CONNECTED state. A periodic Cell DTX/DRX (i.e., active, and non-active periods) can be configured by gNB via UE-specific RRC signalling per serving cell. RAN2 made some further agreements on this in RAN2#121bis which are capture here:
Agreements 
1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
2. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
3. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
4. As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. 
5. From RAN2 point of view, majority companies see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation, send a LS to RAN1 (email 308) with our preference and ask about feasibility and design details.   Ask about feasibility and reliability of using L1 signaling.  Clarify that the question is about activation/deactivation copy the agreement from last meeting that we are focusing on single configuration.  Extract a few key benefits of dynamic signaling from email discussion and online discussions
6. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
7. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
8. As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period 
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to to support high priority traffic 
9. (for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
10. The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time.   FFS how to deal with any exceptions (e.g. SR if agreed and RACH).

Since, Cell DTX and Cell DRX modes can be configured and operated separately, we are making independent proposals for Cell DRX and Cell DTX.
2. Discussion
2.1. Alignment to Cell DRX
[bookmark: _Hlk118269482]RAN2 should discuss possible UE behaviour when the cell/ Network is (going to) in DRX i.e., will not receive. The below Figure 1 shows two RRC Connected UEs with their corresponding DRX configurations, as well as their serving cell in energy saving mode utilizing a DRX configuration. A UE configured with a DRX configuration can transmit at any time, but it can receive only during certain limited time periods designated as “active time” and shown in the below Figure 1 as “UE reception ON” period. In uplink, cell is not expected to receive during “Cell Reception OFF” periods. With this background let’s discuss some specific aspects.



[bookmark: _Ref127284160]Figure 1
RRC Procedures:

If the network triggers a RRC Procedure while the network is in DRX (or about to enter DRX), the UE after successfully executing the procedure (e.g., applying new configuration) does not immediately transmit the procedure completion message (e.g., RRC Reconfiguration Complete message) but transmits this when the network is in reception again i.e., at the start of the next reception time at the network (end of a network DRX period) and, UE assumes that the procedure is successfully completed. Following RRC procedure related completion message can be sent in this “delayed” manner:
· RRC Reconfiguration Complete,
· RRC Setup Complete,
· RRC Reestablishment Complete,
· RRC Resume Complete,
· Security Mode Complete,
· UE Information Response etc.
Practically, Network may attempt to minimize start of RRC procedure that may not be completed in time until the DRX at the network side is started. If a procedure is started, network may keep receiving for a limited time beyond the start of the intended DRX time to ensure that a possible response from a UE is not missed. But since the UE does not know if the network is receiving in a supposedly “Cell Reception Off” period, the following proposal is being made:
The UE after successfully executing a RRC procedure (e.g., applying new configuration) assumes the procedure is successfully completed if the network triggers a RRC Procedure while the network is in DRX (or about to enter DRX). The procedure Complete message is transmitted when the network is in reception again.

UE initiated procedure/ information cases: The UE initiated procedure(s) or RRC messages e.g., Dedicated SIB Request, Idle mode SIB Request, UE Assistance Information, UL Information Transfer, Location Measurement Indication, UE Capability Information, Counter Check Response, MBS Interest Indication, Measurement Report App Layer, UE Positioning Assistance Info etc. shall be postponed until the network starts reception (DRX time is over). The UE shall always report the latest values applicable at the time of actual transmission of these messages.
UE initiated RRC procedure/ information cases shall be postponed until the network starts reception (DRX time is over). The UE shall always report the latest values applicable at the time of actual transmission of these messages.

Further, Re-establishment procedure can be triggered for a number of reasons including reconfiguration failures, RLF etc., where upon initiation of the procedure, the UE shall stop all running timers among T310, T312, T304, T311, T316, reset MAC etc., and perform cell selection in accordance with the cell selection process as specified in TS 38.304. Upon selecting a suitable NR cell, the UE shall ensure having valid and up to date essential system information and determine if the cell is in DRX, or about to enter DRX (say in next 10 ms. or so) – if so, it shall look for another suitable NR cell that is not in DRX and not going to enter DRX anytime soon. Alternatively, this criterion can be included as part of the suitable cell selection procedure such that a cell is considered suitable only when the cell is not in DRX and not going to enter DRX anytime soon – at least when timer T311 is running.
A cell is considered suitable only when the cell is not in DRX and not going to enter DRX anytime soon, at least when timer T311 is running. FFS: How/ if to define “soon”.

RRM Measurements

RRC Connected UE may make un-necessary measurements if the same can’t be reported successfully because of serving cell being in DRX. If RRC informs physical layer of the DRX time of the network, Physical layer need not perform measurements when a potential triggered measurement event might fall under the network’s DRX time. Indeed, the physical layer of the UE can start radio measurements for configured/ active measurement identities not before parameter TTT (TimeToTrigger) time before the start of the reception time (end of a DRX period) at the network. To this end, the highest value of the parameter TimeToTrigger among all configured measurement events is used. Further, it might take the UE finite time to start measurement (warmup/ tune RF, scan the radio frequency even do cell search/ synchronization etc.), the UE may indeed need to perform measurements a little earlier than just TTT ms from the next Cell Reception ON period, the exact time depending on UE implementation.
UE does not perform RRM measurement until TimeToTrigger time before the start of the reception time (i.e., end of a DRX period) at the source cell.

UL Transmission

In the last meeting#121bis, RAN2 made the following agreements:
Agreements 
11. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
12. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
13. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
14. As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. 
15. From RAN2 point of view, majority companies see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation, send a LS to RAN1 (email 308) with our preference and ask about feasibility and design details.   Ask about feasibility and reliability of using L1 signaling.  Clarify that the question is about activation/deactivation copy the agreement from last meeting that we are focusing on single configuration.  Extract a few key benefits of dynamic signaling from email discussion and online discussions
16. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
17. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
18. As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period 
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to to support high priority traffic 
19. (for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
20. The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time.   FFS how to deal with any exceptions (e.g. SR if agreed and RACH).

SR transmission:
It was indicated that at least one SR configuration/ transmission can be allowed to enable emergency calls by an already RRC Connected UE, where UE needs resources to transmit NAS PDU. Besides this there may be other reasons which can be considered important:
· highPriorityAccess, mps-PriorityAccess, mcs-PriorityAccess: These are generally only relevant for congested cell and since NES mode should only be switched on for a low load cell, these are not relevant in our context.
· SR triggering allowed for certain important MAC CEs: SCell beam failure recovery and/or to consistent LBT failure recovery and/or to beam failure recovery of a BFD-RS set and/or to positioning measurement gap activation/deactivation request. While the importance of SCell beam failure recovery and positioning measurement gap activation/deactivation MAC CE can be argued, the inability to transmit beam failure recovery of a BFD-RS set MAC CE (or transmit these much later when the network starts receiving again) can cause more serious issues leading to RLF.
Observation: Inability to transmit beam failure recovery of a BFD-RS set MAC CE (or transmit these much later when the network starts receiving again) can cause more serious issues leading to RLF.
To tackle the issue, an operator may configure Cell DRX only with limited duty cycle e.g., not allowing it to sleep longer than 300 ms. at a stretch. This would at least allow the UE to transmit SR when the network gets active but may be considered as too restrictive to allow useful/ substantial energy saving for the network. Therefore, we propose that an SR can be configured to cater to the critical situations (Emergency calls, beam failure recovery of a BFD-RS set MAC CE). Since this is configurable, an operator might choose to not use it.
SR can be configured to cater to the critical situations (Emergency calls, beam failure recovery of a BFD-RS set MAC CE) only.
Another case is that for configured grant, for a transport block, two or more repetitions can be in one slot, or across slot boundaries in consecutive available slots with each repetition in one slot. If the uplink grant is a configured uplink grant with bundling enabled, and the configured grant transmission occasion overlaps with the cell Reception OFF period, following the similar consideration, we propose:
RAN2 to discuss whether UE initiates the first transmission within a bundle when the cell is in cell Reception OFF duration for making the first transmission within a bundle.
2.2. Alignment to Cell DTX
RAN2 should discuss possible UE behaviour when the cell/ Network is (going to) in DRX i.e., will not receive. The below Figure 1 shows two RRC Connected UEs with their corresponding DRX configurations, as well as their serving cell in energy saving mode utilizing a DTX configuration. A UE configured with a DRX configuration can transmit at any time, but it can receive only during certain limited time periods designated as “active time” and shown in the Figure 1 as “UE reception ON” period. In downlink, cell is not expected to transmit during “Cell Transmission OFF” periods. To which signals/ channels does the transmission-off is applied can vary from scenario to scenario and is simply network implementation – but in any case, it needs to inform UEs being served in the corresponding cell about the current energy saving configuration being (or to be) used in the cell.



Figure 1
How to align UE DRX and Cell DTX:

UE DRX can be aligned to the Cell DTX by UE itself. To this end, as one option, UE DRX configuration needs to be masked (= AND operation) with the Cell DTX configuration, as shown below. During the NW ON periods UE follows the legacy DRX procedure/behaviour according to its DRX configuration. In DTX/OFF periods, UE is also in DRX, i.e., not monitoring PDCCH:



[bookmark: _Ref131000201]Figure 2: Masking/ ANDing of the UE DRX and Cell DTX
As another option, the Reference point for the UE DRX (DRX offset) is aligned with the “on-duration” of the cell DTX; this is shown in the lower part of the Figure 3, where the new reference point for the UEs is “brought forward” to align with the switching ON of the nearest transmission time of the cell. In addition to the shift of the reference point, masking can be performed as well, as in the Figure 3 as shown below:


[bookmark: _Ref126072529]Figure 3: Shows “shift” of the reference point as well as masking of the two configurations – only one of these might suffice.

These are mainly UE based options and need no particular signalling once one of these is specified as a way to align Cell DTX and UE DRX configuration. It should be noted that for all of these options during the NW On periods UEs Active Time can be dynamically extended as required until the beginning of the next NW DTX period. 
Alternatively, the network can itself determine a shifted/ superimposed DRX-config for each UE. A potential NES serving cell can reconfigure all RRC Connected UEs’ DRX Cycles by individually sending a dedicated reconfiguration to each of these. This is however taxing for the network, wastes network energy in transmitting the reconfiguration messages, and at the same time prolongs network’s transmission-reception state in trying to reach each RRC Connected UE successfully. To avoid this, each RRC Connected UE is signalled a first DRX-Config (per MAC entity) and a second DRX-Config applicable for case when/ if energy saving will be activated. Both first and second DRX-Config are sent together to the UE using dedicated RRC signalling. Network determines a DTX configuration in advance (i.e., before activating the NES mode) and the second DRX-Config is to be used when network energy saving is activated i.e., cell is using DTX. 
Further, in the ongoing Email Discussion [3] it is being discussed if common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode, or rather the RRC message used to signal the cell’s DRX/ DTX configuration can be used for activating/deactivating the Cell DTX/DRX mode. When activated, UE applies one of the above or similar means to align its cell DRX configuration with cell DTX configuration when it received L1/ L2 signalling indicating that the network is transitioning to energy saving mode. In our opinion, the first solution from Figure 2 is the simplest, does not create any ambiguity or signalling overhead: UE DRX configuration is masked (= AND operation) with the Cell DTX configuration
To align UE cell DRX configuration with cell DTX configuration when the network is transitioning to energy saving mode, UE DRX configuration is masked (= AND operation) with the Cell DTX configuration.
UL Data Transmission

Cell DTX configuration is sent to the UE using RRC signalling (broadcast or dedicated). UE is configured with CG resources. UE keeps transmitting e.g., using CG (Configured Grant) configuration even when the cell is in DTX for making initial transmission and one or more autonomous retransmissions can be made similar to NR-U i.e., using configuredGrantReTxTimer and configuredGrantTimer. Upon configuredGrantTimer expiry, the NDI is considered toggled, HARQ buffer flushed. UE makes retransmission when configuredGrantReTxTimer is not running; configuredGrantReTxTimer is restarted when a re(Tx) is made. Additionally, UE should stop making autonomous retransmissions when cell is about to leave DTX (and enter Cell Transmission ON time).
During Cell Transmission Off periods, a UE configured with CG resources makes initial transmission. In addition, autonomous retransmissions can be made using configuredGrantReTxTimer and configuredGrantTimer like timers.
UE stops making autonomous retransmissions when cell is about to leave DTX (and enter Cell Transmission ON time).
Repetitions of a configured uplink grant are HARQ retransmissions which are triggered without waiting for feedback from previous transmission. If the transmission within a bundle of the configured grant overlaps with the cell Transmission OFF duration, it is not necessary to stop the retransmissions within a bundle of the configured grant when the cell enters Cell Transmission ON duration to avoid unnecessary complexity. The UE shall initiate the transmission within a bundle and complete the configured repetition transmissions as in the legacy even if the cell enters cell Transmission ON duration. 
[bookmark: _Hlk131689667][bookmark: OLE_LINK7]UE performs the transmission within a bundle of the configured grant regardless the cell is in Cell Transmission ON or OFF duration.

3. Conclusion

This document discussed some UE alignment behaviour for Cell DRX only. Following proposals are made:
Alignment to cell DRX – Control Plane aspect:
Proposal 1: The UE after successfully executing a RRC procedure (e.g., applying new configuration) assumes the procedure is successfully completed if the network triggers a RRC Procedure while the network is in DRX (or about to enter DRX). The procedure Complete message is transmitted when the network is in reception again.
Proposal 2: UE initiated RRC procedure/ information cases shall be postponed until the network starts reception (DRX time is over). The UE shall always report the latest values applicable at the time of actual transmission of these messages.
Proposal 3: A cell is considered suitable only when the cell is not in DRX and not going to enter DRX anytime soon, at least when timer T311 is running. FFS: How/ if to define “soon”.

Alignment to cell DRX – Measurements aspect:
Proposal 4: UE does not perform RRM measurement until TimeToTrigger time before the start of the reception time (i.e., end of a DRX period) at the source cell.

Alignment to cell DRX – UL data transmission:
Proposal 5: SR can be configured to cater to the critical situations (Emergency calls, beam failure recovery of a BFD-RS set MAC CE) only.
Proposal 6: RAN2 to discuss whether UE initiates the first transmission within a bundle when the cell is in cell Reception OFF duration for making the first transmission within a bundle.

Alignment to cell DTX:
Proposal 7: To align UE cell DRX configuration with cell DTX configuration when the network is transitioning to energy saving mode, UE DRX configuration is masked (= AND operation) with the Cell DTX configuration.
Proposal 8: During Cell Transmission Off periods, a UE configured with CG resources makes initial transmission. In addition, autonomous retransmissions can be made using configuredGrantReTxTimer and configuredGrantTimer like timers.
Proposal 9: UE stops making autonomous retransmissions when cell is about to leave DTX (and enter Cell Transmission ON time).
Proposal 10: UE performs the transmission within a bundle of the configured grant regardless the cell is in Cell Transmission ON or OFF duration.
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