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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#120 which are capture in [1]:
	From 3GPP TR 38.864 v0.4.0:

The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling.  Both UE specific and common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode.

Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL). Cell DTX/DRX can also be configured and operated together. At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration. Details related to UE behaviour can be discussed during WI phase. Whether to support multiple Cell DTX/DRX configurations can be discussed later in the WI phase.

It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism can be discussed during the WI phase. 



Since, Cell DTX and Cell DRX modes can be configured and operated separately, we are making independent proposals for Cell DRX in [2] and Cell DTX. This contribution takes a detailed look at UE alignment behaviour for Cell DTX only.
2. Discussion
[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 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.



[bookmark: _Ref127284160]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, e.g. not monitoring PDCCH:



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, since RAN2 already agreed that “common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode”, so a common signalling indicating that the network is transitioning (or will be transitioning) to energy saving mode can be used. 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.
RAN2 should discuss which solution is used to align UE cell DRX configuration with cell DTX configuration when the network is transitioning to energy saving mode.

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).


RACH procedure

Even though UE’s UL Tx behaviour is generally not impacted by its DRX operation, we see some dependency between NW DTX and UL transmissions on the air interface. Since NW won’t be able to send feedback message during its DTX periods, UE should not start a layer 2 procedure which relies on NW feedback signalling. For example, we think that UE should not initiate a RACH procedure (preamble transmission) when the RAR window overlaps with a NW DTX period. In other words, if Msg2 RAR can’t be transmitted by the Cell, then why should UE transmit Msg1/ Preamble. The absence of a RAR reception triggers a preamble retransmission (with an increased transmission power) and would ultimately lead to a RACH failure/RLF. Similarly, it could be further discussed whether UE should send a triggered SR or even trigger SR for cases when a corresponding UL DCI can’t be received due to NW DTX. Therefore:
UE should not start RACH procedure (preamble transmission) when RAR window overlaps with serving cell’s Cell Transmission Off time.
RAN2 to further discuss whether to send/trigger a SR for cases when the corresponding UL DCI can’t be received due to NW DTX.
3. Conclusion

This document discussed some UE alignment behaviour for Cell DTX only. Following proposals are made:
1. RAN2 should discuss which solution is used to align UE cell DRX configuration with cell DTX configuration when the network is transitioning to energy saving mode.
1. 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.
1. UE stops making autonomous retransmissions when cell is about to leave DTX (and enter Cell Transmission ON time).
1. UE should not start RACH procedure (preamble transmission) when RAR window overlaps with serving cell’s Cell Transmission Off time.
1. RAN2 to further discuss whether to send/trigger a SR for cases when the corresponding UL DCI can’t be received due to NW DTX.
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