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1. Introduction
[bookmark: _GoBack]A new work item on network energy saving was approved in RAN plenary #98e and revised as in [1]. More details [2-4] can be found in Appendix. In this paper, we discuss the details of the cell DTX/DRX mechanism from 3 aspects: the background of UE C-DRX, mechanism of cell DTX/DRX, and interaction between UE C-DRX and cell DTX/DRX.
2. [bookmark: _Hlk125991212]Background: current UE C-DRX operation
According to [5], one of the main purposes of UE C-DRX is to periodically wake up the UE to monitor PDCCH. To achieve this, UE C-DRX has a basic periodic active/inactive pattern, including the cycle duration, start offset and basic active time in a cycle (i.e. onDurationTimer). Meanwhile, for some situations extra PDCCH monitoring is needed outside the basic active/inactive pattern (e.g., PDCCH for retransmission) and because of that the UE C-DRX also includes the timer-based mechanism to extend the ON pattern (e.g. InactivityTimer, RetransmissionTimer), as shown in Figure 1.
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Figure 1 The framework of UE C-DRX operation
Observation 1: The framework of UE C-DRX includes basic periodic active/inactive pattern and timer-based mechanism to extend the active pattern.
Also according to [5], UE C-DRX is configured for all the activated serving cells in a MAC entity, i.e. UE C-DRX applies to a group of serving cells for the UE, as shown in Figure 2.
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Figure 2 The application granularity of UE C-DRX
Observation 2: UE C-DRX applies to a group of serving cells for the UE.
As defined in [5], UE C-DRX is mainly applied to PDCCHs that related to dynamic scheduled traffic. Also, as mentioned in [6], UE C-DRX also affects whether CSI measurement are performed and reported. That’s to say, UE C-DRX is mostly applied to dynamic scheduled data transmission, including scheduling information, data traffic and related reference signal, as shown in Figure 3. 
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Figure 3 An example of UE C-DRX applied signals/channels
Observation 3: UE C-DRX is mainly applied to dynamic scheduled data transmission, including scheduling information, data traffic and related reference signal.
3. Mechanism of cell DTX/DRX
3.1 Cell DTX/DRX framework
From gNB perspective, the first issue of cell DTX/DRX framework is whether cell DTX and cell DRX are separate or joint configured. Jointly configuring cell DTX and cell DRX can reduce the signalling overhead while separately configuring cell DTX and cell DRX is more flexible. As different requirements may occur in actual transmission/reception, e.g., active period of cell DTX in a longer periodicity while still frequently monitoring UL signal such as SR for cell wake-up, it is preferred to enable the separated cell DTX/DRX configurations.
Meanwhile, the main purpose of cell DTX/DRX is to periodically wake up the gNB to transmit/receive some signals/channels. Therefore, cell DTX/DRX at least requires a periodic basic active/inactive mechanism similar to UE C-DRX active/inactive mechanism. In addition, for cell DTX/DRX, whether a timer-based mechanism, to extend the ON time, needs to be introduced depends on the signals/channels it is applied to. If cell DTX/DRX is applied to semi-static signals/channels, then the transmission pattern is relatively fixed. In this case, cell DTX/DRX does not need a timer-based mechanism. If cell DTX/DRX is applied to dynamic signals/channels, including those already being considered in UE C-DRX, the behaviour of simultaneous cell DTX/DRX and C-DRX or the interaction between those should be first discussed.
Proposal 1：Cell DTX and cell DRX are two separate functions, and each function at least requires a basic periodic active/inactive mechanism.
3.2 Cell DTX/DRX configuration and (de)activation procedure
Application granularity of cell DTX/DRX
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Figure 4 Cell DTX/DRX configuration of different cells in the gNB
In [5], UE C-DRX is configured for a group of serving cells in a UE. That is, the active/inactive periods of all configured cells are aligned. From the point of view of UE power saving, this is very beneficial. However, from the perspective of gNB, for example, the PCell can be kept active or configured a DTX/DRX pattern with a shorter periodicity to maintain basic data transmission, while the SCell(s) can be configured a DTX/DRX pattern with a longer periodicity for energy saving, as shown in Figure 4. Therefore, the active/inactive period of each cell should be flexibly configured/(de)activated by the gNB.
Proposal 2：Cell DTX/DRX should be applied in a serving cell level.
Signalling for (de)activation
According to TR 38.864 [4] and the agreement in RAN2#120 [3], cell DTX/DRX can be configured by UE-specific RRC. One possible method of cell DTX/DRX (de)activation is that cell DTX/DRX is (de)activated through the RRC configuration which is simple and direct. However, the load of gNB may vary in a dynamic way, and the configuration of cell DTX/DRX needs to be adjusted accordingly. Further, since from gNB perspective the expected behaviour for sleeping/active would affect all UEs in a same manner in terms of active/inactive, period etc., (de)activation only by RRC signalling is obviously not flexible. Therefore, cell DTX/DRX (de)activation based on L1 signalling can be considered.
Meanwhile, the (de)activate L1 signalling can be UE-specific according to [3], which has good flexibility. However, if only UE-specific L1 signalling is supported, (de)activation signalling overhead is relatively large. Thus, group-common or cell-specific L1 signalling should be further studied to reduce the overhead.
Proposal 3：Consider to support dynamic cell DTX/DRX (de)activation by at least UE-specific L1 signaling, FFS: group-common or cell-specific level L1 signaling.
3.3 Applied signals/channels of cell DTX/DRX
According to the examples provided in TR 38.864 [4], cell DTX/DRX applied signals/channels can be classified into two types: dynamic scheduled signals/channels and semi-static signals/channels. For greater network energy saving gain, cell DTX/DRX should be applied to as many channels/signals as possible. Setting the same C-DRX configuration for different UEs can achieve similar effects. However, as C-DRX is configured by RRC and is per UE configured, the overhead is relative large and not flexible enough as also mentioned in previous sections. At the same time, UE C-DRX cannot be applied to most semi-static signals/channels. Therefore, cell DTX/DRX should at least be applied to UE-specific signals/channels, including semi-static and dynamic scheduled signals/channels. Note that even if there is no reference signal due to cell DTX, UE can still perform synchronization based on SSB.
Proposal 4：Cell DTX/DRX should at least be applied to UE-specific signals/channels, including semi-static and dynamic scheduled signals/channels.
4. Interaction between UE C-DRX and cell DTX/DRX
In this section, we discuss the interaction between UE C-DRX and cell DTX/DRX.
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Figure 5 Aligned cell DTX/DRX with C-DRX configurations for different UEs
According to WID [1], the alignment between UE C-DRX and cell DTX/DRX should be specified. In our view, the alignment between UE C-DRX and cell DTX/DRX includes that when cell DTX/DRX is configured/activated, the active period of cell DTX/DRX includes the onduration period of current UE C-DRX, as shown in Figure 5. Since this can be already achieved today by gNB aligning UE C-DRX and cell DTX/DRX, there does not seem to require additional specification work for this point.
However, even if cell DTX/DRX is aligned with UE C-DRX, collisions may still occur at certain occasions when UE C-DRX is in active time and cell DTX/DRX is in inactive time or vice versa, therefore the UE behaviours should also be aligned in consideration of both two mechanisms being configured. Thus, the interaction of two mechanisms needs to be further considered, e.g. coexistence, and potential conflict between UE C-DRX and cell DTX.
Proposal 5：Further discuss the interaction between UE C-DRX and cell DTX.
5. Conclusions
The following observations and proposals are provided.
Observation 1: The framework of UE C-DRX includes basic periodic active/inactive pattern and timer-based mechanism to extend the active pattern.
Observation 2: UE C-DRX applies to a group of serving cells for the UE.
Observation 3: UE C-DRX is mainly applied to dynamic scheduled data transmission, including scheduling information, data traffic and related reference signal.
Proposal 1：Cell DTX and cell DRX are two separate functions, and each function at least requires a basic periodic active/inactive mechanism.
Proposal 2：Cell DTX/DRX should be applied in a serving cell level.
Proposal 3：Consider to support dynamic cell DTX/DRX (de)activation by at least UE-specific L1 signaling, FFS: group-common or cell-specific level L1 signaling.
Proposal 4：Cell DTX/DRX should at least be applied to UE-specific signals/channels, including semi-static and dynamic scheduled signals/channels.
Proposal 5：Further discuss the interaction between UE C-DRX and cell DTX.
Appendix
After the RAN#98-e meeting, the objectives of the work item on cell DTX/DRX are the following [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.


In RAN1#111 meeting, the cell DTX/DRX was discussed and the following agreement was reached [2]:
	Proposal #2.4-1C:
•	Agree to following text for inclusion into TR.

6.1.X	Technique A-4
6.1.X.1	Description of technique
Currently, the gNB can use reduce downlink transmission/uplink reception activity without an explicit cell DTX/DRX pattern with restrictions due to UE DRX configurations and any configured transmission/reception, e.g., common channels/signals. Currently C-DRX is configured per UE. The alignment of the DRX cycles or offsets for different UEs can be done only via RRC. During UE DRX off period, the UE does not expect to monitor PDCCH, but it is allowed to initiate UL transmission according to the configured resources (e.g. using PUCCH, RACH, SR, or CG-PUSCH). Aligning/Omitting of DRX patterns across multiple UE’s can be achieved via gNB implementation. 

Technique A-4 aims at providing mechanisms informing UE whether the cell stays inactive. This may include enhancements to UE DRX configuration, e.g., to align/omit DRX cycles or start offsets of DRX, for UEs in connected mode or idle/inactive mode, potentially allowing longer opportunities for cell inactivity. During a cell DTX/DRX, the cell may have no transmission/reception or only keep limited transmission/reception. For example, the cell does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels.
6.1.X.2	Analysis of performance and impacts
[Editor Note: Analysis/Observation of performance evaluations to be discussed in AI 9.7.1]
6.1.X.3	Legacy UE and RAN1 Specification impacts
The list of UE and RAN1 specification impact described in this section is not an exhaustive list. RAN1 may identify additional impact and also determine that listed impact below may no longer apply to the described technique(s) as specification is further developed.
Specification impact of the technique may include:
- design of cell DTX/DRX pattern/timers/parameters/procedure, if needed,
- configuration and indication of cell DTX/DRX information to UE, if needed and applicable,
- UE behaviors and procedures when cell DTX/DRX is in operation and/or when UE DRX is configured, if needed,
- potential channel/signal design and mechanism and uplink procedure (e.g., UE request or assistance feedback) related to cell DTX/DRX,
- enhancements to UE DRX configuration
- enhancements to UE DRX parameter adaptation.
1.	For the cell DTX/DRX cases, depending on DTX/DRX occasions, legacy UEs and UEs that do not support the technique may not have impact to idle/inactive/connected mode operations. For example, if DTX/DRX are not applied to common signals and channel required for idle/inactive/connected modes or applied in UE specific manner, legacy UEs and UEs that do not support the technique may not be impacted.


In RAN2#120 meeting, the cell DTX/DRX was discussed with the following agreements [3]:
Agreements
1 	Clarify previous agreement to: periodic cell DTX/DRX pattern is configured by UE-specific RRC.   Periodic cell DTX/DRX can be activated/deactivated by L1/L2 signalling and UE-specific RRC signaling.
2 	Capture in TR 38.864 that both UE specific and common L1/L2 signalling can be considered for at least activating/deactivating the cell DTX/DRX pattern, per the agreement in 119b-e.
3	Cell DTX and Cell DRX modes can be configured and operated separately (e.g. one RRC configuration set for DL and the other set for UL). Cell DTX/DRX can also be configured and operated together.  
4	It is up to NW whether legacy UEs can access cells with Cell DTX/DRX
5	Cell DTX/DRX can be configured per serving cell and can be applicable for different cells in CA. No additional RAN2 impacts or enhancements are foreseen.
6	Whether to support multiple Cell DTX/DRX configurations can be discussed later in the normative phase.
7	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
In the approved TR 38.864, the higher layer procedures of cell DTX/DRX have the following description [4]:
	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. Below examples on Cell DTX/DRX behaviour during non-active periods are assumed to be possible options, and the UE behaviour/impact will be studied:
-	Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods.
-	Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)
-	Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
-	Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).
The study focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration. It is up to NW whether legacy UEs can access cells with Cell DTX/DRX.
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.
From RAN2 perspective, Cell DTX/DRX is feasible.
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