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Introduction
The WI for Network Energy Saving was approved in RAN#98-e [1]. One of its objectives is to specify solutions for cell DTX and cell DRX, 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.




As noted during the study phase [2], in legacy systems, the gNB can use reduced downlink transmission/uplink reception activity without an explicit cell DTX/DRX with restrictions due to UE C-DRX configurations and any configured transmission/reception, e.g., common channels/signals. The C-DRX is currently only configurable per UE, which can be aligned across UEs only via RRC. Through explicit cell DTX/DRX and providing mechanisms informing UE whether the cell stays inactive, enhancements to UE DRX configuration (e.g. to align/omit DRX cycles or start offsets of DRX) were identified to be beneficial for enabling longer opportunities for cell inactivity. 
During RAN1#112 [3], the following agreements were made regarding what RAN1 can focus on while waiting for RAN2 input on the general framework and definitions regarding cell DTX/DRX.

	Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded

Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded



While the WI topic is primarily a RAN2-led one, this contribution focuses on certain RAN1 aspects of interest. RAN2 aspects are discussed in our accompanying contribution [4]. 
Cell DTX and relation to UE C-DRX
Interaction of cell DTX/DRX with UE C-DRX (Connected-Mode Discontinuous Reception) was one of the topics in the email discussions [5] during RAN1#112, which was not concluded and is supposed to be continued in this meeting. While this is indeed a key aspect, the details of it would essentially depend on what RAN2 decides. As argued in our accompanying RAN2 contribution on this topic [4], since the UE behavior in C-DRX is well established, it is best to have the C-DRX configuration in alignment with cell DTX. Specifically, the cell DTX configuration can include an alternative C-DRX configuration that is applicable when cell DTX is activated while regular C-DRX configuration is applicable when cell DTX is de-activated. This will make it easy to support cell DTX capable UEs along with legacy UEs. Thus, alignment of UE C-DRX is expected to be the main mechanism to establish cell-DTX efficiently.
Observation 1: Alignment of UE C-DRX can be a main mechanism to enable cell-DTX efficiently.
Impact of HARQ Retransmissions on Cell DTX 
[bookmark: _GoBack]In UE C-DRX, to accommodate HARQ retransmissions, the UE needs to wake up to receive the PDCCH and the corresponding PDSCH scheduling of the retransmissions. In order to optimize the inactivity periods, along with the C-DRX parameters, the network configures the UE with a DRX retransmission timer [6] — drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received — that allows the UE to be inactive between a first transmission and a retransmission. Even with such an optimized mechanism, having to receive many retransmissions would result in increased UE power consumption. However, for example, assuming a CQI with a BLER target of 10% and link adaptation picking MCSs accordingly to result in an initial BLER of 10%, the UE may become inactive more often (with 90% probability) without having to receive a retransmission.
Addressing the above situation from the perspective of a gNB employing cell DTX, but having to wake up to perform HARQ retransmissions, the impact is more severe. Consider the ideal case of Figure 1, without any need for retransmissions. This could be for example VoIP UEs which can be quickly served on C-DRX ON time. The cell can sleep for long and may even be able to plan light sleep, which reduces the energy consumption significantly [2]. In contrast, the cell would need to wake up even if only a single UE requires retransmission, with the cell waking up more frequently as the number of UEs increases. This is illustrated in Figure 2. The cell may not only sleep for less time but it may also lose the ability of having enough continuous sleep time to plan light sleep. The increase in energy consumption is significant.
[image: ]
[bookmark: _Ref127523898]Figure 1 – Example of cell DTX in the absence of retransmissions. The cell sleeps for longer time and may even reach light sleep.

[image: ]
[bookmark: _Ref127524063]Figure 2 – Example of cell DTX when HARQ retransmissions are present. Not only the cell sleeps for less time but also it may not have enough time to reach light sleep.

Again, considering the above example, assuming an initial BLER of 10%, the probability for no UE needing a HARQ retransmission - so that the cell the can be inactive as per the desired cell DTX pattern - decreases significantly as noted in Table 1.
[bookmark: _Ref127456593]Table 1: Probably for no UE needing a HARQ retransmission so that the cell can be inactive as per cell DTX assuming an initial BLER of 10%
	Number of UEs served by a cell
	Probability for no UE needing a HARQ retransmission

	1
	90%

	2
	81%

	3
	72.9%

	4
	65.6%

	5
	59.5%

	10
	34.9%



It can be observed that even with serving a few UEs, the ability of a cell to be inactive as per cell DTX is severely impacted due the need for HARQ retransmissions. Therefore, we propose RAN1 to discuss mechanisms to reduce the impact of HARQ retransmissions on cell DTX including ways to reduce HARQ retransmission probability in favor of NES.
Observation 2: Even with serving a few UEs, the ability of a cell to be inactive as per cell DTX is severely impacted due the need for HARQ retransmissions.
Proposal 1: RAN1 to discuss mechanisms to reduce the impact of HARQ retransmissions on cell DTX.
Conclusions
In this contribution, we discussed some aspects of cell DTX for Network Energy Savings. The following observations and proposals have been made:

Observation 1: Alignment of UE C-DRX can be a main mechanism to enable cell-DTX efficiently.
Observation 2: Even with serving a few UEs, the ability of a cell to be inactive as per cell DTX is severely impacted due the need for HARQ retransmissions.
Proposal 1: RAN1 to discuss mechanisms to reduce the impact of HARQ retransmissions on cell DTX.
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