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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.




There are two core aspects which needs to be discussed in RAN1 for progress of the topic and are treated in this contribution: L1 signaling for Cell DTX/DRX and reliability (of both signalling and data). 
In RAN1#112-bis-e [2] an agreement was reached on L1 signaling aspects to be studied by RAN1:

	Agreement
Study L1 signalling for enhancing cell DTX/DRX including activation/deactivation for a single configuration which will have the following characteristics:
· PDCCH based signaling
· FFS: Whether enhancing legacy DCI or introducing new DCI
· FFS: DCI content
· FFS: Whether L1 signaling is UE specific DCI or group common DCI
· FFS: Timer or validity duration based activation/deactivation of cell DTX/DRX
· FFS: whether to specify a reference time for activation/deactivation of cell DTX/DRX 
· FFS: If multiple Cell DTX/DRX patterns are to be supported
· FFS on detailed UE behavior upon reception of L1 signaling at least including application delay
· FFS how to guarantee reliability of the L1 signaling
· FFS whether the L1 signal can be monitored in non-active periods.



Furthermore, RAN2 sent an LS to RAN1 exactly regarding L1 signaling and its reliability, with the following request [3]:

	RAN2 kindly requests RAN1 to provide information regarding feasibility and reliability of using dedicated and group common L1 signalling for Cell DTX/DRX activation and deactivation. Our question is related only to Cell DTX/DRX activation and deactivation and we would like to focus on a single Cell DTX/DRX configuration, as agreed in our previous meeting. 
Once L1 signalling for activation and deactivation of Cell DTX/DRX for a single configuration is decided in RAN1 please inform us about the decision and design details. 



This contribution discusses aspects of L1 signaling, signalling reliability and data reliability for Cell DTX/DRX.
Activation and de-activation of Cell DTX/DRX
Based on the agreements achieved so far, the general behavior of Cell DTX/DRX is shown below.
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Figure 1 - Basic operation of Cell DTX (based on the agreements so far). 

Note that during the time labeled as “Activation delay”, the network is consuming energy unnecessarily and during the time labeled as “De-activation delay”, the UE traffic is unnecessarily waiting on a buffer. Therefore the goal of L1 signaling for Cell DTX/DRX should be to minimize activation delay, de-activation delay and overhead. 
Observation 1: The goal of L1 signaling for Cell DTX/DRX should be to minimize activation delay, de-activation delay and overhead.
One of the main questions stated in both RAN1 agreements and RAN2 LS is “Whether L1 signaling is UE specific DCI or group common DCI “. In our understanding, a core reason to prefer L1 signaling is exactly to be able to have dynamic group common signaling. UE specific dynamic signaling could be L1 or L2, but common signaling must be L1. 
Cell DTX/DRX will typically be applied to the whole cell at once and because of that significant overhead can be saved by signaling to all UEs at once. Also, applying Cell DTX/DRX  to low/medium load, does not mean necessarily that only few UEs needs to be informed of Cell DTX/DRX activation or de-activation. In cells of high capacity (e.g. large bandwidth), there can be many UEs in RRC_CONNECTED mode and yet the load they are generating can be served on a Cell DTX/DRX cycle to save energy. For all these reasons group common DCI is a preferred approach for Cell DTX/DRX activation and de-activation in order to keep the signaling overhead low. 
Observation 2: Cell DTX/DRX will typically be applied to the whole cell at once and because of that significant overhead can be saved by signaling to all UEs at once.
Proposal 1: At least group common DCI is supported for Cell DTX/DRX activation and de-activation.
While group common DCI is preferred to reduce overhead, there is at least one aspect which needs special attention when group common DCI is applied: the reliability. There should be a low probability that a UE misses Cell DTX/DRX activation and de-activation signals. A few repetitions (2 - 3) over different symbols and spread on frequency should be enough to achieve the desired reliability. 
Proposal 2: Group common DCI for Cell DTX/DRX activation and de-activation can be repeated to improve reliability.
If the activation can be repeated in different points in time it also becomes important from a signaling perspective that an activation time is signaled. In this way, UEs which only receive the first DCI and UEs which only receive the second DCI can all have the same activation time. The timing for activation is critical because several restrictions apply when Cell DTX/DRX is activated. 
Proposal 3: Group common DCI for Cell DTX/DRX activation to include an activation time.
A strong source of overhead, if not addressed, could be frequent Cell DTX/DRX de-activation and re-activation signaling due to traffic variations and in particular bursty traffic. From a latency perspective, and to reduce UE power consumption, a traffic burst should be handled as quickly as possible. However, if a traffic burst arrives when Cell DTX/DRX is activated it cannot be served immediately because PDCCH will not be monitored by the UE, as recently agreed on RAN2 in RAN2#121-bis-e:
	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).  FFS how to deal with retransmissions



This means that currently there is no specific way of addressing bursty traffic. The only way to serve the traffic as quickly as possible is to de-activate Cell DTX/DRX, which still entails de-activation delay. In addition to that, after Cell DTX/DRX is de-activated, the gNB will only be able to save energy again once it is re-activated. This means that the overhead would be paid twice for every traffic burst: on de-activation and on re-activation as illustrated in Figure 2 below. Additionally, there may be some extra decision delay on re-activation, which would cause even prolonged high energy consumption. Clearly, some improvements are needed on handling a traffic burst. 
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[bookmark: _Ref135041208]Figure 2 - When a traffic burst arrives, the traffic can only be quickly served, if Cell DTX is de-activated. However, this entails  significant overhead on the re-activation of Cell DTX.
Note, however, that bursty traffic of different UEs is independent from each other. So quite often, only one UE needs to be served and once served the gNB can resume Cell DTX/DRX. Therefore, it is useful to be able to de-activate Cell DTX/DRX individually for each UE, meaning that other UEs do not need to be aware of such temporary de-activation of of Cell DTX/DRX. Also, in high capacity cells such bursts of traffic can be served quite quickly. The gNB can estimate in advance how long it would take to serve that UE and de-activate the Cell DTX/DRX only temporarily. In this way, the overhead of re-activation can be completely avoided. 
Observation 3: Quite often only a single or few UEs need to be served during a traffic burst.
Observation 4: Temporary Cell DTX/DRX de-activation can save the re-activation overhead.
Proposal 4: Cell DTX/DRX can be temporarily de-activated for a single UE using UE-specific DCI.
Data reliability and retransmissions with Cell DTX/DRX activated 
The RAN2 agreement to not monitor PDCCH during Cell DTX non-active state only (see section 2) applies to first transmissions. How to handle retransmissions is still open. The main options to handle retransmissions are:
1. Retransmissions need to wait the next Cell DTX active period
2. During non-active time the UE listens to PDCCH only for retransmissions (not for new transmissions)
3. Retransmissions are avoided in the first place
Option 1 may be acceptable for very short Cell DTX/DRX cycles (e.g. 5 – 10 ms) in case of non-critical traffic. Otherwise it leads to significant delays. Therefore, it cannot be a general solution valid for all possible Cell DTX/DRX cycles. Option 2 would lead to an awkward situation: no new transmissions are possible (leading to increased delay), but the gNB is actually not saving any energy, because it is almost always awake to re-transmit or listen to retransmissions. In order to understand why that is the case, consider an initial BLER of 10% and that the BLER of different UEs is independent. Then, the probability for no UE needing a HARQ retransmission - so that the cell can be inactive as per desired cell DTX/DRX pattern - decreases significantly as noted in Table 1.
[bookmark: _Ref127456593]Table 1: Probability for no UE needing a HARQ retransmission so that the cell can be inactive as per cell DTX/DRX 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 if the gNB is serving just a few UEs, the ability of a cell to be inactive as per cell DTX/DRX is severely impacted due the need for HARQ retransmissions. Allowing exceptions for retransmission would mean allowing very frequent exceptions. Therefore, the desired energy saving would not be achieved.
[bookmark: _GoBack]This leads to the third possibility: “Retransmissions are avoided in the first place”. In order to really save energy, the activity of the cell should be limited to Cell DTX/DRX active period. This means also that within that period the transmission should reach the desired reliability. This is in contrast to the usual operation where for example a 10% BLER is aimed for initial transmissions and the final reliability relays in frequent HARQ retransmissions. The delay budget for achieving the desired reliability is the Cell DTX/DRX on-duration, because leaving it to the non-active period, or the next active period will lead to a complex feature without real energy savings. In fact, this is also a motivation for a special CQI table for URLLC (table 3 in section 5.2.2.1 of TS 38.214 [4]): that the desired reliability should be reached more quickly. The same applies to Cell DTX/DRX active period: the desired reliability should be achieved during the on-duration. A new CQI table would help the gNB implementation to have precise feedback to achieve a better initial BLER target for Cell DTX/DRX. 
Observation 5: Even if the gNB is serving just a few UEs, the chance of a cell to be inactive as per Cell DTX is severely impacted due the high probability of HARQ retransmissions.
Observation 6: In order to significantly save energy, the activity of the cell should be limited to Cell DTX/DRX active period.
Observation 7: Introducing a new CQI table would help the gNB implementation to have precise feedback to achieve a better initial BLER target for Cell DTX/DRX.
Proposal 5: A new CQI table is defined to achieve higher reliability for initial transmissions when Cell DTX/DRX is activated.
Conclusions
In this contribution, we discussed some aspects of cell DTX/DRX for Network Energy Savings. The following observations and proposals have been made:

Observation 1: The goal of L1 signaling for Cell DTX/DRX should be to minimize activation delay, de-activation delay and overhead.
Observation 2: Cell DTX/DRX will typically be applied to the whole cell at once and because of that significant overhead can be saved by signaling to all UEs at once.
Observation 3: Quite often only a single or few UEs need to be served during a traffic burst.
Observation 4: Temporary Cell DTX/DRX de-activation can save the re-activation overhead.
Observation 5: Even if the gNB is serving just a few UEs, the chance of a cell to be inactive as per Cell DTX is severely impacted due the high probability of HARQ retransmissions.
Observation 6: In order to significantly save energy, the activity of the cell should be limited to Cell DTX/DRX active period.
Observation 7: Introducing a new CQI table would help the gNB implementation to have precise feedback to achieve a better initial BLER target for Cell DTX/DRX.
Proposal 1: At least group common DCI is supported for Cell DTX/DRX activation and de-activation.
Proposal 2: Group common DCI for Cell DTX/DRX activation and de-activation can be repeated to improve reliability.
Proposal 3: Group common DCI for Cell DTX/DRX activation to include an activation time.
Proposal 4: Cell DTX/DRX can be temporarily de-activated for a single UE using UE-specific DCI.
Proposal 5: A new CQI table is defined to achieve higher reliability for initial transmissions when Cell DTX/DRX is activated.
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