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Introduction
The WI for Network Energy Saving was approved in RAN#98-e [1]. One of its objectives is to study and specify solutions for Cell DTX (Discontinuous Transmission) and Cell DRX (Discontinuous Reception), which has been approved for 3GPP Rel-18:
	2. [bookmark: _Hlk89917254]Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.



During the study phase, the use of cell DTX and cell DRX mechanisms was discussed as an approach to reduce the energy consumption of 5G NR networks. Some general aspects have been captured in [2], but many details need to be discussed during the WI phase. For example, the alignment of UE and gNBs was identified as beneficial, but the need for discussing specific mechanisms remains. Also, details of cell DRX and corresponding UE side adaptations need further discussion. This contribution discusses some of these aspects on cell DTX and cell DRX.
Cell DTX 
UEs can use Connected-Mode Discontinuous Reception (C-DRX) to reduce the power consumption when the traffic needs are sparse. This involves periodically turning off PDCCH reception and if there is no new traffic the UE can reduce the amount of time it spends in an active state, which consumes more power. 
As discussed in [2], a gNB implementation may also use C-DRX configuration to create opportunities where a cell is inactive. However, with an explicit cell DTX mechanism, the gNB would be able to turn off transmitters more often. As both, C-DRX and cell DTX refer to adapting downlink transmissions, aligning the two mechanisms is necessary. In fact, these mechanisms should ensure that the UE receiver and gNB transmitter are activated at the same time to enable communication. Therefore, cell DTX is inevitably coupled to UE C-DRX and the alignment of the two features is desirable. 
[bookmark: _Toc126753650][bookmark: _Ref127518611]Cell DTX is inevitably coupled to UE C-DRX and the alignment of the two features is desirable. 
In order to understand what actually needs to be improved with the introduction of Cell DTX, it is worth considering what can be already achieved by gNB implementation of C-DRX cycles. For the purpose of comparison Figure 1 illustrates a case where the UE C-DRX cycles are not aligned and Figure 2 shows a case where those cycles are fully aligned. 
[image: ]
[bookmark: _Ref127449986]Figure 1 – An example of operation where the UEs have their C-DRX cycles not aligned

[image: ]
[bookmark: _Ref127450008]Figure 2 – An example of operation where the UEs have their C-DRX cycles aligned
As it can be seen by comparing Figure 1 and Figure 2 the main advantage of having alignment is to enable the cell to spend more time on sleep modes and eventually reach deeper sleep states. That leads to significant energy savings. However, the price to be paid for the alignment is that the potential PDCCH load is highly concentrated in time. Consequently, also the PDSCH and PUSCH load will be also concentrated in time. As soon as the load increases again, such concentration will be detrimental to scheduling flexibility and will eventually lead to QoS degradation. It follows that at low load scenarios the UE C-DRX ON durations are preferably aligned to allow Cell DTX. At higher loads the UE C-DRX are preferably misaligned to distribute the load over time. What is currently missing are ways to swiftly change between an operation point where all C-DRX cycles are aligned and another operation point where the C-DRX cycles are deliberately distributed over time. That should be a focus area for Cell DTX discussion. 
[bookmark: _Ref127518633]At low loads the UE C-DRX ON durations are preferably aligned to allow Cell DTX. At higher loads the UEs C-DRX are preferably misaligned to distribute the load over time. 
[bookmark: _Toc126753653][bookmark: _Ref127518664][bookmark: _Ref127518669]RAN 2 to discuss mechanisms to dynamically change between alignment and explicit distribution of the UEs C-DRX ON durations.
Another Cell DTX aspect which was not discussed during study phase is how retransmissions (HARQ retransmissions) affect. This issue is analyzed in more detail in our accompanying contribution in [3]. According to our analysis in [3], just a few active UEs would be enough to severely limit the energy savings provided by Cell DTX. 
[bookmark: _Ref127518676] RAN2 to discuss mechanisms to reduce the impact of HARQ retransmissions on cell-DTX

Cell DRX 
Cell DRX refers to periods of time where a cell will not be receiving any information from the UE. However, so far there is no mechanism to stop uplink transmissions from the UEs. Because of that it  needs to be clarified how Cell DRX may work, as there is no corresponding UE mechanism. 
[bookmark: _Ref127518648]Cell DRX does not have a corresponding mechanism from the UE side.
[bookmark: _GoBack]An initial aspect to be clarified about Cell DRX is to find out, which uplink resources may be reduced or made sparser during Cell DRX operation. At least CG-PUSCH, SR, PUCCH and RACH needs to be discussed.
[bookmark: _Ref127518698]RAN 2 to discuss which uplink resources should be reduced during Cell DRX.

Conclusions
In this contribution, we discussed some aspects of Cell DTX and Cell DRX for Network Energy Savings. The following observations and proposals have been made:

Observation 1: Cell DTX is inevitably coupled to UE C-DRX and the alignment of the two features is desirable.
Observation 2: At low loads the UE C-DRX ON durations are preferably aligned to allow Cell DTX. At higher loads the UEs C-DRX are preferably misaligned to distribute the load over time.
Observation 3: Cell DRX does not have a corresponding mechanism from the UE side.

Proposal 1: RAN 2 to discuss mechanisms to dynamically change between alignment and explicit distribution of the UEs C-DRX ON durations.
Proposal 2: RAN2 to discuss mechanisms to reduce the impact of HARQ retransmissions on cell-DTX
Proposal 3: RAN 2 to discuss which uplink resources should be reduced during Cell DRX.
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