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1. Introduction
In last RAN3#117 meeting, candidate techniques for NES were discussed and the following agreements were reached [1]. 
	Proposal1: Agree the following general aspects: 
0. Regarding the applicable scenarios for NES, RAN3 can consider both the overlaid scenario (i.e. heterogeneous scenario) and the non-overlaid scenario. 
0. Regarding the load scenarios for NES, RAN3 can prioritise idle/empty and low/medium load scenarios, for which the SID has already described.
0. For those techniques determined by other groups, RAN3 can study the potential network interface impacts following the analysis/conclusions made in other groups. Note that parallel discussions are also possible due to the parallel meeting time. 
RAN3 can study the network energy saving issues without involvement from other WG case by case.



In last RAN1#117b meeting, the following agreements on NES techniques were reached [2]. 
	Cell DTX/DRX
· The inter-node exchange of the cell DTX/DRX (if defined by RAN1/RAN2) is considered necessary.  
· FFS about the exact periodic/semi-static cell DTX/DRX information dependent on other groups. 
· FFS about the dynamic cell DTX/DRX exchange, a flag indicating the BS DTX pattern identical to the BS DRX pattern.
Cell NES states
· WA: The inter-node exchange on the NES states or more granular cells status information if defined by RAN1/RAN2 is needed if the benefits are confirmed. The detailed NES state or more granular information is pending to other groups. 
· FFS about the F1 impact. 
Enhanced cell on/off
· RAN3 considers that inter-node beam activation is needed, i.e. to request a neighbouring NG-RAN node to switch on beam(s) which has been deactivated.   
To be continued at the next meeting, taking into account of progress in RAN1/RAN2: 
· Further work on cell DTX/DRX, if possible
· work on the pCR for the inter-node beam activation
· the increased autonomy in the DU for energy saving; measurement relaxation; paging enhancements; handover enhancement; RRC inactive enhancement; etc.



In this paper, we further discuss the candidate NES techniques, and finalize the SI.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Beam activation
In last RAN3#117b meeting, it was agreed to support inter-node beam activation, and the following text for pCR was discussed (based on companies input in R3-225953): 
	6.x.1	inter-node Beam activation 
This mechanism allows an NG-RAN node to request a neighbouring NG-RAN node to switch on certain SSB beams which have been deactivated. The SSB beams to be activated can be determined based on OAM configuration or via NG-RAN node implementation, by considering SSB measurement reports from UE, or SSB load etc. This is beneficial for at least the overlaid scenario, where a capacity-layer cell switches off light-loaded SSB beams for energy saving purpose (e.g., via setting SSB Coverage State as 0). With this mechanism, the coverage-layer cell can request the re-activation of those beams e.g., in case that many UEs come into these SSB beam areas and the coverage-layer cell cannot provide sufficient capacity any more.



[bookmark: _Hlk118194259]During the discussion, there were comments whether the SSB beam activation is limited to the cell switched-on case. In our understanding, the SSB beam activation can be performed independently of the cell on/off state.  When the cell is switched off, the SSB beam activation naturally implies the cell activation; when the cell is switched on, the SSB beams can be de-activated/activated locally or requested by neighbours. Therefore, it is sensible to separate the SSB beam activation from cell activation, and the highlighted sentence can be removed. In addition, the SSB beam activation request/response can reuse the Cell Activation procedure or use a new procedure, and the details can be left to the normative phase. 
The revised TP on inter-node beam activation is shown in Annex.
Proposal 1: Agree the TP on SSB beam activation, not limited to the cell switched-on case. 
2.2 Cell DTX/DRX
In last RAN1#110b meeting, the cell DTX/DRX were discussed, with the following conclusion [3]. 
	Proposal #2-4H
· Technique #A-4: Adaptation of DTX/DRX
· With DTX/DRX, gNB has the opportunity to be inactive. During the inactive duration, gNB does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels, and may have no transmission/reception or only keep limited transmission/reception.
· Enhancement of UE C-DRX where DRX cycles or offsets configured for UEs in connected mode or idle/inactive mode can be aligned, potentially provide longer inactivity periods at the gNB and reduce gNB’s activities (e.g. SSB, CG PUSCH, RO, etc.) outside UE DRX active time.
· gNB entering into inactive state for a period of time along with the possible indication of network adaptation of DTX/DRX. 
· Background:
· In case of DTX/DRX the BS can go to inactive state with different time granularities. Currently C-DRX is configured per UE, and the DTX period for one UE may be active time for the other UE, depending on scheduler. In this case, gNB has to schedule different UEs on different time periods, and the time left for its inactivity will be limited. The alignment of the DRX cycles or offsets for the UEs can be done only via RRC re-configuration. Potential DTX/DTX enhancements to increase inactive time for gNB can be studied.
· Since UE may monitor certain channels/signals from BS when outside DRX active time, there may be corresponding restriction to BS activity time. 
· Potential impact to other WGS
· RAN2/RAN3:
· gNB DTX/DRX patterns/parameters definition and potential gNB DTX/DRX patterns exchange across neighbor gNBs.
· RAN4:


In last RAN2#119b meeting, four examples of cell DTX/DRX were discussed, with the following conclusion [4]. 
	•	Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX / DRX OFF duration.
•	Example 2: gNB is expected to turn off its transmission / reception only for data traffic during Cell DTX / DRX OFF duration (i.e. gNB will still transmit / receive reference signals).
•	Example 3: gNB is expected to turn off its dynamic transmission / reception during Cell DTX / DRX OFF duration (i.e. gNB is expected to still perform periodic transmission / reception, including SPS, CG-PUSCH, SR, RACH, and SRS).
•	Example 4: gNB is expected to only transmit reference signals (e.g. CSI-RS for measurement).
=>	RAN2 assumes that the options above are possible for gNB DTX/DRX behavior and discuss UE RAN2 behavior/impact during the DTX/DRX. 


Potential four DTX/DRX examples 
As indicated in [5], in Example 1, neither the data traffic nor the reference signal is transmitted/received during the cell DTX/DRX OFF duration. In this case, the exchange of detailed cell DTX/DRX information (e.g. duration, periodicity and starting slot of OFF state) is beneficial for energy saving, resource scheduling, measurement configuration, interference management and mobility optimization at neighbouring NG-RAN nodes. In Examples 2, 3 and 4, the data traffic is suspended but the necessary signals and channels are still transmitted/ received. The DTX/DRX exchange is also beneficial. At this stage, it is not clear for RAN3 which the above example(s) would be agreed. All the details can be studied during nominal phase.  
The periodic and dynamic DTX/DRX 
As indicated below in [5], RAN2 will further study the periodic cell DTX/DRX, and the dynamic L1/L2 signaling. 
	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 RRC signalling. 
<Skip the irrelevant>
The Cell DTX mode/configuration can also be indicated to the UE via dynamic L1/L2 signalling. The dynamic L1/L2 signalling at least supports UE dedicated indication. Whether UE group common signalling is also supported will be further studied. 
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism will be studied. 
Editor's note: FFS details of alignment, including UE transmission/reception behavior during DTX.



In the periodic case, the cell DTX/DRX pattern is fixed and can be configured to UEs by RRC signaling. While, in the L1/L2 signaling case, though the exchange of the exact cell DTX/DRX pattern need to consider the large backhaul latency, we consider it beneficial as well considering that the network energy state may not be dynamically changed. For example, , the Cell DTX/DRX can happen during the low system load period e.g., during night time. 
The DTX/DRX configurations
There were also some discussions on the configuration and signaling of DTX/DRX in other groups. Typically, whether the joint or separate configuration of DTX/DRX modes is needed. For the joint DTX/DRX mode, there will have a common configuration, similar to the UE CDRX controlling the DL PDCCH/PDSCH/PUCCH/PUSCH signals. For the separate DTX/DRX modes, the Cell DRX mode can possibly control the UE UL PRACH/periodic CSI report/periodic SRS etc. Also, other groups will further discuss whether multiple DTX/DRX configurations are allowed with one activated. RAN3 can further decide the details following progress of other groups. 
Based on the above analysis, we have the following proposal, and attach the TP on Cell DTX/DRX in Annex.
Proposal 2: Depending on the other group decision, the cell DTX/DRX information includes the DTX/DRX cycle, on-duration and start offset etc, and the joint or separate DTX and DRX configuration could be exchanged.  
2.3 UL WUS
As indicated in [5], RAN1 is further studying the UL wakeup signal as follows.
	· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.
· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
· FFS


This technique is to enable the UE to send a UL WUS signal to waken up one or more sleeping cells, as shown in Fig. 1. Specifically, in the idle and almost idle case, a cell only transmits a light/simplified version of SSB with a long periodicity (e.g. 160 ms) and does not transmit SIB1. When a UE needs to acquire SSB and SIB1, e.g. when entering the coverage of the cell, it can send a UL WUS signal in specific occasions to trigger the normal transmission of SSB and SIB1. The UL WUS signal can be cell specific or cell-group specific.
The exact design of the WUS signal and related UE procedures would be within the scope of RAN1 and RAN2. Though the following issues can be studied. 
· Exchange of WUS configuration across neighboring NG-RAN node;
· Inter-node coordination for deciding which cell to switch on, in case a cell-group specific UL WUS is received.
· Potential impact over F1 interface. 
Proposal 3:  Inter-node coordination for UL WUS is needed for deciding which cell to switch on (see the TP in the annex).
[image: ]
Fig. 1 UL WUS based cell activation
2.4 NES states
At previous meeting, there is a working assumption on the NES states or more granular cells status. 
	· WA: The inter-node exchange on the NES states or more granular cells status information if defined by RAN1/RAN2 is needed if the benefits are confirmed. The detailed NES state or more granular information is pending to other groups. 



According to [6], the NES states are coupled with or merged into the Cell DTX/DRX technique. For example, one NES state is that the UE does not transmit/receive any signal/channel, while another NES state is that the UE only transmits/receives a particular set of signal/channel. In addition, in the agreed TP in R1-2210793, the different power state in terms of deep sleep/light sleep/micro sleep etc are defined in the modelling and evaluation mythology, but not mentioned as a potential technique. Then this WA can be merged into the cell DTX/DRX technique. 
Proposal 4: The WA on the NES states or more granular cell states is not needed, and the NES states/more granular cell states can be further discussed together with the Cell DTX/DRX technique, or during normative phase. 
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: _Toc423020280]Based on the discussion in this paper, we reach the following proposals.
Proposal 1: Agree the TP on SSB beam activation, is not limited to the cell switched-on case.
Proposal 2: Depending on the other group decision, the cell DTX/DRX information includes the DTX/DRX cycle, on-duration and start offset etc, and the joint or separate DTX and DRX configuration could be exchanged.
Proposal 3:  Inter-node coordination for UL WUS is needed for deciding which cell to switch on (see the TP in the annex).
Proposal 4: The WA on the NES states or more granular cell states is not needed, and the NES states/more granular cell states can be further discussed together with the Cell DTX/DRX technique, or during normative phase. 
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Annex. TP for TR 38.864 (based on v0.3.0 and R3-226398)
-----------------Start of the Changes------------------
[bookmark: _GoBack]6.1.aa	Cell DTX/DRX
6.1.aa.6	Impacts on network interfaces
The cell DTX/DRX information is considered necessary to be exchanged and coordinated between neighbour gNBs. The gNB can use the received cell DTX/DTX information to determine its own cell DTX/DRX configuration for network energy saving purpose.  The cell DTX/DRX information may include 
DTX/DRX cycle, on-duration and start offset etc. In addition, the joint or separate cell DTX/DRX configuration could be exchanged, where the joint cell DTX/DTX may control all UE UL/DL transmissions, while the separate cell DRX controls UE UL transmissions only. The details can be studied at the normative phase.  
Editor’s note: The details of cell DTX/DRX is finally up to RAN1 and RAN2.


----------------------Next Changes-----------------------

6.1.b	UL WUS
6.1.b.z	Impacts on network interfaces
This technique is to exchange 
the UL WUS configuration information across neighbouring gNBs to facilitate the UL WUS reception sent by the UE. Specifically, the gNB can signal its specific WUS configuration to its neighbouring cells when the cell is in idle or dormant state. Based on the detected UL WUS sent by the UE, the cell can decide to transit to normal transmission state e.g., with the common signal’s transmission including SSB/SIB1 etc. 

----------------------Next Changes-----------------------
6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions.
6.x.1	Inter-node Beam Activation
This mechanism allows an NG-RAN node to request a neighbouring NG-RAN node to switch on certain SSB beams which have been deactivated. The SSB beams to be activated can be determined based on OAM configuration or via NG-RAN node implementation, e.g., by considering the SSB beam measurement reports from UE and SSB load etc. This is beneficial for at least the overlaid scenario, where a capacity-layer cell might switch off lightly-loaded SSB beams for energy saving purposes (e.g., via setting SSB Coverage State as 0). With this mechanism, the coverage-layer cell can request the re-activation of those SSB beams e.g., in case many UEs come into these SSB beam areas and the coverage-layer cell cannot provide sufficient capacity any more.

-----------------End of the Changes--------------------
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