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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk127169948]The Rel-18 New WID on Network energy savings for NR has the following objective on cell DTX/DRX [1]:
	2. 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.


This contribution discusses the techniques and the associated impacts when supporting the cell DTX/DRX mechanism.
Discussion
The Cell DTX/DRX mechanism allows the gNB to operate in reduced downlink transmission and and uplink reception activity by informing the UE on whether/when the cell stays inactive. When receiving a cell activity indication informing on the reduced cell activity, the some adjustments can be applied to the UE DRX for aligning with the Cell DTX/DRX pattern.   
During the Rel-18 SI discussions [2], a number of potential specification impacts in RAN1 for supporting the cell DTX/DRX technique were identified. In the following, we discuss these aspects:  
· Design of cell DTX/DRX pattern
· Configuration and indication of cell DTX/DRX information to UE
· UE behavior and procedures when cell DTX/DRX is in operation and/or when UE DRX is configured
Design of cell DTX/DRX pattern
During the SI phase [3], a periodic cell DTX/DRX pattern was discussed and assumed to be used as baseline design. Similar to the legacy long DRX cycle pattern for UE, a periodic pattern for cell DTX can consist of periodically recurring set of occasions/cycles, where each successive occasion can consist of an active/ON period and a non-active/OFF period. During a cell DTX non-active occasion, the cell may have no transmissions or perform only limited transmissions [2]. When applying a similar pattern for cell DRX, the cell may not support any UL receptions or support only limited receptions during the cell DRX non-active occasions. 
During the SI, an agreement was made in RAN2 [4] that the cell DTX and cell DRX modes can be configured and operated separately or together. It was also captured in the TR [2] that the parameters that can be configured per cell DTX/DRX configuration includes at least: periodicity, start slot/offset, on duration. Similar to the UE long DRX cycle pattern, an inactivity timer for the cell DTX/DRX can be useful for keeping the cell in the DTX/DRX active mode if there are ongoing transmissions/receptions during the active occasions. Hence, the inactivity timer can be included in addition to the other parameters when defining the cell DTX/DRX pattern.      
[bookmark: _Hlk127534611]Proposal 1: Cell DTX/DRX pattern can be defined by at least the following parameters:
· Cycle duration: The duration between the start of two successive cell DTX/DRX occasions in periodic cycles 
· Active duration: The ON duration in an DTX/DRX occasion when the cell performs active transmissions/receptions   
· Slot offset: Start offset of an active duration relative to the start of a cell DTX/DRX occasion
· Inactivity timer: The duration for extending the active duration of a DTX/DRX occasion during active transmissions/receptions

Configuration and indication of cell DTX/DRX information to UE
During SI phase [2], it was agreed that cell DTX/DRX mode can be activated/deactivated via dynamic L1/L2 signalling and UE-specific RRC signaling. It was also agreed that both UE-specifc and group common L1/L2 signaling can be considered. For example, the signaling may indicate the ID of a preconfigured cell DTX and/or cell DRX patterns to be activated or deactivated. 
In this regard, group common L1/L2 signaling can be useful for reducing the overhead by indicating simultaneously to multiple UEs the activation/deactivation of a cell DTX/DRX configuration. Group common signaling may also allow multiple UEs to switch to a DRX configuration that is aligned with the activated cell DTX/DRX configuration. On the other hand, UE-specific signaling allows more flexibility for the network to indicate to specific UEs and control the timing on when to signal the activation/deactivation of cell DTX/DRX to the UEs, especially in scenarios where the different UEs may be using different CDRX configurations. Based on the benefits, UE-specific signaling can be used as baseline, along with group-common signaling, for indicating the activation/deactivation of cell DTX/DRX configuration.  
[bookmark: _Hlk127534637]Proposal 2: Support UE specific signaling as baseline, and additionally group common signaling, for indicating the activation/deactivation of a cell DTX/DRX configuration  
Whether L1 or L2 signaling is to used for indicating the activation/deactivation of a cell DTX/DRX configuration should also be discussed. The benefit of L1 signaling in DCI include fast and dynamic indication to multiple UEs on the cell DTX/DRX activation/deactivation. The existing DCI formats for group common signaling (e.g. DCI 2_0, DCI 2_1) can be extended to support the new bit-fields associated with cell DTX/DRX activation/deactivation. However, in terms of reliability it is possible for the DCI to be misdetected by the UEs during PDCCH monitoring, resulting in inability to properly align the transmission or receptions with the indicated cell DTX/DRX configuration. In the case of L2 signaling, a MAC CE multiplexed in PDSCH can be used for indicating the activation/deactivation of cell DTX/DRX. While MAC CE is applicable only for UE-specific case, it provides better reliability against misdetection compared to DCI. In this regard, given the advantages and the potential spec impact effort between the L1 and L2 signaling options, DCI can be used for group common signaling and MAC CE can be used for UE-specific signaling.      
[bookmark: _Hlk127534659]Proposal 3: DCI is used for group common signaling for indicating the activation/deactivation of a cell DTX/DRX configuration 
Proposal 4: MAC CE is used for UE-specific signaling for indicating the activation/deactivation of a cell DTX/DRX configuration
[bookmark: _Hlk127093786]UE behavior and procedures when cell DTX/DRX is in operation 
Several examples on the transmisisons/receptions that may or may not be supported during cell DTX and cell DRX are captured in the TR [2] under higher layer procedures. In any of the non-active periods within a cell DTX/DRX occasion, the gNB can reduce/omit some time occasions for the transmisison/reception of common signals and UE-specific signals and resources. 
In this regard, which of the DL and UL signals/channels that are transmitted and/or not transmitted during the DTX non-active occasions should be discussed. To avoid any impact to legacy UEs, the common signals and channels that are used by legacy UEs are assumed to be transmitted as usual during the cell DTX non-active occasions.
[bookmark: _Hlk127534668]Proposal 5: DL common signals and channels (e.g. SSBs, SIB, and paging channels) are assumed to be transmitted as usual during the cell DTX non-active occasions as per legacy
In the following, the UE behaviour for receiving and/or transmitting the UE-specific signals/channels based on the following resource types are discussed:
· UL dynamic grants and DL resource assignments 
· DL reference signals (e.g. CSI-RS, PTRS, TRS)
· SPS resources
· CG resources 
For dynamic grants and DL resource assignments, it can be assumed that the UE monitors PDCCH during the CDRX active durations per legacy, and the network can ensure that the CDRX cycle is aligned with the cell DTX pattern based on network implementation. This also avoids any impact to legacy UEs. 
[bookmark: _Hlk127534690]Proposal 6: For receiving UL dynamic grants and DL resource assignments during cell DTX non-active occasions, UE monitors PDCCH during C-DRX Active Time durations as per legacy
For UE-specific DL reference signals, the UE can assume that the RS resources are not transmitted, and hence does not perform measurements on the UE-specific RS during cell DTX non-active periods, since such resources are not shared with legacy UEs. This allows the UE and network to adapt the RS measurement occasions to the periods corresponding to the cell DTX active occasions. Such assumption also simplifies the reporting of the RS measurements, where the UE may transmit the measurement reports during the next cell DRX active period, when a cell DRX configuration is activated. Although this may have some impact on the measurement accuracy, it can be up to the network on how to strike a balance between energy savings and measurement accuracy, for example, by aligning the cell DTX/DRX pattern with the measurement and reporting occasions.
[bookmark: _Hlk127534704]Proposal 7: UE is not required to measure UE-specific reference signals (e.g. CSI-RS, PTRS, TRS)during cell DTX non-active periods
For semi-static DL resources, including DL SPS, the following options are possible as a default UE behaviour for determining when to monitor and receive in SPS occasions based on the cell DTX non-active periods:
· Option 1: UE autonomously deactivates SPS resources during cell DTX non-active periods
· Option 2: UE keeps the SPS configurations active, if already active, but the UE does not monitor the SPS occasions overlapping with cell DTX non-active periods
· Option 3: UE monitors SPS occasions overlapping with cell DTX non-active periods
· Option 4: UE is configured with one of the above options per SPS configuration, per cell DTX configuration, or per UE
Option 1 can be inflexible and results in high overhead for frequently activating/deactiving the SPS resources. Option 2 is simple, practical and allows for the most network energy savings during cell DTX, but can be inflexible for the scheduler, especially when supporting different QoS and periodic traffic for multiple UEs in the cell. There may be further exceptions to such behavior, for example, where the UE may choose to monitor for certain SPS occasions under some data traffic related conditions (e.g. low latency) during cell DTX non-active periods. Option 3 may apply for the scenarios where only scheduling of dynamic resources is disabled during cell DTX while periodic resources are supported as usual. Although Option 3 has less spec impact, it does not result in added energy savings. Option 4 provides more flexibility for the scheduler and leaves the decision to the network. For example, if latency is tolerable, the network may configure some SPS resources to be not monitored during the cell DTX non-active periods. Based on the comparison, Option 2 can be used as the baseline with FFS on the exceptions to the UE behavior regarding monitoring for SPS occasions during non-active periods of cell DTX.   
[bookmark: _Hlk127534717]Proposal 8: For monitoring/receiving data in SPS during cell DTX non-active periods, the baseline UE behavior is: 
· UE keeps the SPS configurations active, but the UE does not monitor SPS occasions overlapping with cell DRX non-active periods. 
· FFS: Whether exceptions apply for monitoring/receiving in SPS occasions during cell DTX non-active periods 
For semi-statically configured UL resources, including UL configured grants (CGs), the following options are possible as a default UE behaviour for UL CG transmission during cell DRX non-active periods:
· Option1: UE to autonomously deactivate UL CGs during cell DRX non-active periods
· Option 2: UE keeps the CG configurations active, but the UE does not transmit on CG occasions overlapping with cell DRX non-active periods
· Option 3: Allow the UE to transmit on CG occasions overlapping with cell DRX non-active periods
· Option 4: UE is configured with one of the above options per CG, per UE, or per cell DRX configuration
Similar to the DL case, Option 2 for UL CG is most straightforward and provides the most energy savings compared to the other options since the cell is not expected to receive any periodic UL transmisisons during cell DRX non-active periods. Whether some exceptions may apply (e.g. related to UL data latency or priority) when transmitting using CG resources during the cell DRX non-active periods can be considered and discussed later. Hence, Option 2 can be used as the baseline UE behavior for cell DRX non-active periods. The evaluation results showing significant energy saving gains with marginal impact on UPT when applying cell DRX are provided in Section 3. 
[bookmark: _Hlk127534731]Proposal 9: For transmitting data in CG occasions during cell DRX non-active periods, the baseline UE behavior is: 
· UE keeps the CG configurations active, but the UE does not transmit on CG occasions overlapping with cell DRX non-active periods 
· FFS: Whether exceptions apply for transmitting in CG occasions during cell DRX non-active periods 
For PRACH resources shared with legacy UEs, it can be assumed that an NES-capable UE can use such PRACH resources during the cell DRX non-active periods, as the assumption is that gNB will blind decode on those anyway. If the cell does not serve legacy UEs or if there isn’t many legacy UEs served, one possibility is to configure on a per PRACH resource whether the UE can transmit a preamble during cell DRX non-active periods or not. It can be beneficial for the NES-capable UEs to delay PRACH transmissions until the next cell DRX active period to allow for some energy saving during cell DRX non-active period. This decision is up to the network, depending on the need for energy savings vs. allowing some PRACH resources that can be used during cell DRX non-active periods.
[bookmark: _Hlk127534743]Proposal 10: UE is configured on a per-PRACH resource configuration with whether a preamble can be transmitted during cell DRX non-active periods
SR resources can be dedicated and configured on a per-UE basis. For each SR configuration, the UE can be configured with a one or more LCHs to map to such resource. However, PUCCH resources of some SR configuration may be shared with legacy UEs, depending on network configuration. Therefore, it makes sense to configure the UE on a per-SR configuration basis with whether the UE can transmit SR during cell DRX non-active periods. Further, configuring on a per-SR configuration allows more flexibility for transmiting SR for a subset of LCHs and reporting high priority data, where data latency might be more critical. 
[bookmark: _Hlk127534752]Proposal 11: UE is configured on a per-SR configuration with whether SR can be transmitted during cell DRX non-active periods
Evaluation results
In this section we present evaluation results for cell DRX operation. We consider an Urban macro deployment. Details regarding the gNB energy consumption model can be found in our previous contribution [5]. Details regarding the simulation assumption can be found in the Appendix.
Evaluation methodology
The following linear approximation of the downlink power model is assumed for a given network transceiver [5]:

        (2)
Pout: the load dependent RF output power. 
This can be approximated as , where Pmax is the maximum RF output power at maximum load.
P0: The linear model parameter to represent power consumption at the zero RF output power.
∆p: The slope of the cell load dependent power consumption
: cell power consumption per sleep mode relative to the ON state, which can be calculated based on the relative power (P). We utilize the gNB power consumption per sleep mode scaling based on the agreed Cat-2 (Set 2) parameters [Appendix B]. The relative power levels are provided in Table 1 below. Based on these parameters, we use a power scaling of 2.1/26 for “light sleep”. For our evaluations, we consider cell sleep durations of up to 120ms, and treat this as light sleep.  
Table 1: Relative power scaling, using agreed Cat-2 parameters 
	NES state
	Power level, relative units

	Active transmission (100% PRB)
	26

	Active reception (100% PRB)
	5.8 

	“Micro”-sleep
	5.0

	“Light”-sleep
	2.1

	“Deep”-sleep
	1 



The resultant energy consumed by the cell in a given power savings state (on, off, or sleep) can therefore be:
 		(2)

We consider a network energy savings scheme where the macro cell will enter a sleep state if cell load falls below a low threshold. Cell load is measured by RU (). A low RU  is used to indicate the minimum RU below which a cell may go to sleep for a certain sleep duration, before waking up. A UE that is served by a sleeping cell needs to wait for the cell to wake up. For power consumption, we consider the following parameters:79.43 W (based on agreed assumptions for Set 2 FR1), (normalized), = 4.7 [4]. The energy consumed for the “ON” state is calculated using Eqn. (2), where  corresponds to the  relating to the “ON” equations from Eqn. (1).  in Eqn. (1) is calculated based on cell load as measured by instantaneous uplink cell load (RU) for the cell: . Uplink power in the ON (active reception) is estimated as , based on relative power level scaling for active reception vs. active transmission from Table 1, with the uplink cell load (RU) is used instead of DL load in a given slot. Uplink power in the (light) sleep state is estimated as 
Evaluation results
For the following uplink evaluations, we utilize a low load RU threshold  of 10% to evaluate the impact of different cell sleep thresholds on system performance. A cell for which the RU falls below the low load threshold is a candidate for entering a sleep state. We consider sleep durations of 40, 80 and 120ms for the cell. In the baseline scheme, the cell is always ON, meaning the UE can be served as soon as it has uplink traffic. In cell DRX, the cell may enter the sleep state (based on the low load threshold criteria). A UE that is served by a sleeping cell will have to wait for the cell to transition out of the sleep state (to an ON state) before its uplink traffic needs can be served. We consider sleep durations of {40, 80, 120} ms, with active (ON) duration of {2, 3, 5} ms, respectively. Additionally, we consider a transition time for both ramp up, from NES (sleep) to active state state, as well as ramp down from active to a NES state based on reference configuration set 1 (Cat 2). 
Table 2: cell DRX with 40 ms gNB sleep cycle


	User traffic load:  = 0.24
	User traffic load:  = 1.0

	Baseline
(Always ON) 
Mean UPT (Mbps)

	Cell DRX
 (Sleep) 
Mean UPT (Mbps)
	 UPT gain/loss
(DRX vs Baseline)
(%)

	ESG
(DRX vs Baseline)
(%) 
	Baseline
(Always ON) 
Mean UPT (Mbps)

	Cell DRX
 (Sleep) 
Mean UPT (Mbps)
	 UPT gain/loss
(DRX vs Baseline)
(%)

	ESG
(DRX vs Baseline)
(%)

	23.95
	21.99
	-8.19%
	+35.86%
	
	
	24.22
	22.91
	-5.41%
	+16.63%



Table 3: cell DRX with 80 ms gNB sleep cycle

	User traffic load:  = 0.24
	User traffic load:  = 1.0

	Baseline
(Always ON) 
Mean UPT (Mbps)

	Cell DRX
 (Sleep) 
Mean UPT (Mbps)
	 UPT gain/loss
(DRX vs Baseline)
(%)

	ESG
(DRX vs Baseline)
(%) 
	Baseline
(Always ON) 
Mean UPT (Mbps)

	Cell DRX
 (Sleep) 
Mean UPT (Mbps)
	 UPT gain/loss
(DRX vs Baseline)
(%)

	ESG
(DRX vs Baseline)
(%)

	23.95
	20.33
	-15.12%
	+38.52%
	
	
	24.22
	21.87
	-9.70%
	+17.92%



Table 4: cell DRX with 120 ms gNB sleep cycle

	User traffic load:  = 0.24
	User traffic load:  = 1.0

	Baseline
(Always ON) 
Mean UPT (Mbps)

	Cell DRX
 (Sleep) 
Mean UPT (Mbps)
	 UPT gain/loss
(DRX vs Baseline)
(%)

	ESG
(DRX vs Baseline)
(%) 
	Baseline
(Always ON) 
Mean UPT (Mbps)

	Cell DRX
 (Sleep) 
Mean UPT (Mbps)
	 UPT gain/loss
(DRX vs Baseline)
(%)

	ESG
(DRX vs Baseline)
(%)

	23.95
	17.84
	-25.52%
	+39.68%
	
	
	24.22
	20.64
	-14.77%
	+18.53%



Tables 2 - 4 present results for 40ms, 80ms, and 120 ms sleep durations, respectively. We utilize two different user traffic arrival rates and a low load RU threshold of  = 10% for each sleep cycle duration, allowing us to investigate the impact of varying sleep cycles as well as varying cell load on system performance. The results demonstrate that significant energy savings gain can be achieved while ensuring nearly comparable user level QoS (throughput), where the ESG offered by the DRX scheme is greater at lower user traffic loads vs. higher user traffic loads (~36 - 40 % vs. 17~19% based on sleep cycle duration). This comes with a marginal drop UPT with shorter (40ms) sleep duration (~ 8% for low load and ~5 % at high load). Longer sleep cycles can yield higher energy savings, but this comes with a higher penalty in UPT. 
Observation 1: Utilizing a cell DRX can yield significant energy savings gain, with marginal negative impact on user level QoS (throughput).
Conclusion
In this contribution, the following proposals are made:
Proposal 1: Cell DTX/DRX pattern can be defined by at least the following parameters:
· Cycle duration: The duration between the start of two successive cell DTX/DRX occasions in periodic cycles 
· Active duration: The ON duration in an DTX/DRX occasion when the cell performs active transmissions/receptions   
· Slot offset: Start offset of an active duration relative to the start of a cell DTX/DRX occasion
· Inactivity timer: The duration for extending the active duration of a DTX/DRX occasion during active transmissions/receptions
Proposal 2: Support UE specific signaling as baseline, and additionally group common signaling, for indicating the activation/deactivation of a cell DTX/DRX configuration  
Proposal 3: DCI is used for group common signaling for indicating the activation/deactivation of a cell DTX/DRX configuration 
Proposal 4: MAC CE is used for UE-specific signaling for indicating the activation/deactivation of a cell DTX/DRX configuration
Proposal 5: DL common signals and channels (e.g. SSBs, SIB, and paging channels) are assumed to be transmitted as usual during the cell DTX non-active occasions as per legacy
Proposal 6: For receiving UL dynamic grants and DL resource assignments during cell DTX non-active occasions, UE monitors PDCCH during C-DRX Active Time durations as per legacy
Proposal 7: UE is not required to measure UE-specific reference signals (e.g. CSI-RS, PTRS, TRS)during cell DTX non-active periods
Proposal 8: For monitoring/receiving data in SPS during cell DTX non-active periods, the baseline UE behavior is: 
· UE keeps the SPS configurations active, but the UE does not monitor SPS occasions overlapping with cell DRX non-active periods. 
· FFS: Whether exceptions apply for monitoring/receiving in SPS occasions during cell DTX non-active periods 
Proposal 9: For transmitting data in CG occasions during cell DRX non-active periods, the baseline UE behavior is: 
· UE keeps the CG configurations active, but the UE does not transmit on CG occasions overlapping with cell DRX non-active periods 
· FFS: Whether exceptions apply for transmitting in CG occasions during cell DRX non-active periods 
Proposal 10: UE is configured on a per-PRACH resource configuration with whether a preamble can be transmitted during cell DRX non-active periods
Proposal 11: UE is configured on a per-SR configuration with whether SR can be transmitted during cell DRX non-active periods
Appendix A
Table 3: Urban Macro scenario
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	System bandwidth
	20 MHz

	Layout
	Single layer: Hex. Grid
7 site, 3 sectors per site

	ISD
	500m

	Duplexing
	FDD

	Numerology 
	15 KHz, 14 OFDM symbol slot

	BS antenna config.
	32 Tx/Rx RUs - (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna config
	4 Tx/Rx RUs - (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	BS Tx Power
	49dBm 

	UE Tx Power
	23 dBm

	User distribution and UE speed
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
UL: 2 users per TRxP

	Traffic model
	Use 36.889 Table A.1.1. 
Uplink:
We consider a uniform packet arrival rate across all UEs (and cells). We use two user traffic load values (low and medium), to investigate impact of different user traffic loads on the system. 




Appendix B

	RAN1-110b Agreements

Agreement
Confirm the previous Working Assumption with the following update
· For RAN1 evaluation purpose, for reference configuration set 1/2/3, the values are provided as below.  
· The transition time is confirmed without update.
· FFS: The time unit to be used when calculating the energy consumption
	Power state
	Relative Power P for Category 1
	Relative Power P for Category 2

	
	Set 1
	Set 2
	Set 3
	Set 1
	Set 2
	Set 3

	Deep sleep
	1
	1
	1
	1
	1
	1

	Light sleep
	25
	23 25
	20 25
	2.1
	2.6 2.1
	1.8 2.1

	Micro sleep
	55
	50
	38
	5.5
	5
	3

	Active DL
	280
	240 200
	152
	32
	40 26
	8.4 17.6

	Active UL
	110
	90
	80
	6.5
	 5.8
	4.2





Working Assumption
For reference configuration set 1, the values are provided as below. FFS set2 and set 3.
	Power state
	Relative Power P
	Total transition time T

	Deep sleep
	1
	1
	Cat 1:

50ms 
	Cat 2: 

10s

	Light sleep
	Cat 1: 25

	Cat 2: 2.1

	Cat 1: 6 ms

	Cat 2: 640 ms

	Micro sleep
	Cat1: 55
	Cat 2: 5.5
	0
	0

	Active DL
	Cat 1: 280
	Cat 2: 32
	N.A.
	N.A.

	Active UL
	Cat 1: 110
	Cat 2: 6.5
	N.A.
	N.A.




· 
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