3GPP TSG-RAN WG3 #122                                          R3-237660 

13th - 17th Nov 2023, Chicago, USA 
Agenda item:
24.2
Source: 
ZTE
Title: 
Discussion on network energy saving 
Document for:
Discussion and Approval
1 Introduction
In this document, we provide discussion on remaining issues summarized in SOD[2], and the TP to BL CR of TS38.423 for the exchange of Cell DTX/DRX is provided in [1].
2 Discussion
2.1 Inter node beam activation
If an NG-RAN node providing basic coverage is aware of the reason for beam deactivation in a capacity booster cell, such as for energy-saving purposes, it would be better equipped to make a decision on whether to reactivate those beams. RAN3 also need to discuss how to encode the "energy saving" cause.
Proposal 1: Introduce a new cause "energy saving" for the deactivation of SSB for energy saving purposes over F1/Xn.

2.2 Paging enhancement 
RAN3 received the reply LS on paging enhancement from RAN2 in [3]. RAN2 responded to RAN3 that there is no RAN2 impact on RAN2, seen below:

Q1: Whether RAN3’s agreements have any impact on, or could be impacted by, TS 38. 304 clause 7 Paging, e.g., related to the following paragraph. 

TS 38.304 clause 7.1:

“In multi-beam operations, the UE assumes that the same paging message and the same Short Message are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message and Short Message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.”
RAN2's Answer:
No RAN2 impact is identified but it was understood that paging may fail as UE assumes same paging message to be sent on all beams. Regardless it is RAN2 understanding that UE behavior does not need to be changed, as the potential paging failure could be handled by NW implementation e.g. by paging on all the beams in subsequent paging.

Given that RAN2 would not change the UE’s behavior in monitoring paging beams, the behavior of the UE monitoring paging and the RAN paging is not coordinated. the UE continues to assume the transmission of the paging message on all beams, and monitor particularly on those by implementation, e.g the beams with higher RSRP. Limiting RAN paging on recommended beams could potentially result in paging failure. 

We assume that the probability of paging failure is low only for stationary UEs. This is because the channel environment tends to be relatively stable and the UE location remains fixed for those stationary UEs, therefore, the beams that the UE selecting to monitor are expected to include the recommended beam list used by the gNB.

However, the same assumption cannot be applied to mobile UEs. For mobile UEs, we believe that paging in restricted beams would increase the probability of paging failure. This, in turn, leading to RAN re-paging, could increase both the RAN energy consumption and latency. So, we do not support to transfer recommended SSB list in the Xn RAN PAGING message.

Proposal 2: It is not supported to transfer recommended SSB list in the Xn RAN PAGING message.
At the RAN3#119-e meeting, RAN3 inquired if SA2 had any concerns from the CN perspective regarding the mechanism of restricting paging on limited beams for UEs in RRC IDLE. During the RAN3#121 meeting, RAN3 received a reply LS from SA2. In the reply LS, SA2 asked RAN3 the validity of recommended beams stored in the AMF, seen below:

Q2: SA2 would like to ask about the validity condition of the potential “List of recommended beams” container that is stored in the AMF. What is the AMF condition to delete the stored "List of recommended beams"? 

From our viewpoint, the handling of recommended beams should differ from that of recommended cells for paging. The validity of recommended beams could also be more frequently changed than the recommended paging cells. The NG-RAN may change the beam configuration of cells, such as changing the coverage area of the beam. As a result, after a period of time, the recommended beams stored by the core network may no longer be valid/useful. There are several alternatives for handling it. For example, after the beam configuration of cells changes, the NG-RAN can notify the core network of which beams have changed or directly instruct the core network to delete the stored recommended beams associated with these cells. Alternatively, the NG-RAN can simply notify a timer to the core network, such as 48 hours. When the timer expires, the core network should delete the corresponding recommended beams. We suggest RAN3 to discuss these alternatives and notify SA2 once a conclusion has been reached.  

The handling of the validity condition for recommended beams stored at CN significantly impacts the probability of paging failure. Due to time constraints, we suggest not pursuing CN paging enhancements in Release 18.

Proposal 3: The handling of the validity condition for recommended beams stored at CN significantly impacts the probability of paging failure, RAN3 should discuss potential solutions to address the issue of increased paging failure probability, and response our conclusion to SA2.

Proposal 4: CN paging enhancement is not pursued in Rel-18.
2.3 Cell DTX/DRX 
RAN2 has discussed whether the configuration of cell DTX/DRX should be per cell or per MAC entity, and at RAN2#123 bis meeting, RAN2 achieved the following agreement:

->Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:

-A maximum of two cell DTX/DRX patterns can be configured per MAC entity 

-The two configured patterns are aligned, 

The start and slot offset are common for the two patterns.

one periodicity is an integer multiple of the other.

Since , RAN2 has agreed the cell DRX/DRX is configured per serving cell, so it is proposed that to exchange the Cell DTX/DRX configuration over Xn with per cell granularity.

Proposal 5 : Exchange the Cell DTX/DRX configuration over Xn with per cell granularity. 

According to following RAN2's agreements, seen below:

->Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)

->On-duration and Cycle parameters are common between cell DTX and DRX, when both are configured.  FFS if we have different start offset configuration for cell DTX and cell DRX

->Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured 

-> Standalone cell DRX configuration is possible to configure. 
Since separate DTX and DRX configuration will be supported, this implies these features can be independently enabled. 

Observation1 : The features of Cell DTX and DRX can be independently enabled.  
However, based on the above RAN2's agreements, the On-duration ,Cycle parameters, Start offset and slot offset configuration are common between cell DTX and DRX, when both are configured. Furthermore, RAN2 has agreed to merge the CELL DTX/DRX into one common configuration IE, that is the CellDTXDRX-Config IE. The encoding detail of this IE is provided in Annex in this contribution, and there is a type indiaction "cellDTXDRXconfigType-r18 ENUMERATED {dtx, drx, dtxdrx}" to indicate the configuration is for Cell DTX, cell DRX, or both.

Observation2 : RAN2 has agreed to merge the CELL DTX/DRX into one common configuration IE, namely the CellDTXDRX-Config IE. A type indication within this IE is to indicate the configuration for Cell DTX, Cell DRX, or both. 
RAN1 agreed with the dynamic activation and deactivation of cell DTX/DRX via group-common L1 signalling. Consequently, UE-specific RRC signalling or group-common L1 signalling can be used to inform a single UE or a group of UEs about the activation/deactivation status of cell DTX/DRX. RAN2 supports the dynamic activation and deactivation of cell DTX/DRX. At RAN2#123bis, RAN2 also agreed the explicit activation/deactivation in RRC once DRX/DRX is configured, seen below:

->Introduce explicit activation/deactivation in RRC once DTX/DRX is configured (i.e. not for dynamic activation/deactivation). This reverses previous agreement on implicit activation.

Furthermore, based on the current CellDTXDRX-Config IE defined by RAN2 (seen annex), a explicit explicit activation/deactivation is already defined, So we think there is no need to introduce additional activation/deactivation indication over Xn interface, if CellDTXDRX-Config would be exchanged over XnAP.We assume RAN3 can use this activation/deactivation in CellDTXDRX-Config for the exchange of dynamic activation and deactivation status of the cell DTX/DRX.  
Observation 3: Based on the current CellDTXDRX-Config IE defined by RAN2, a explicit activation/deactivation is already defined, Therefore, there is no necessity to introduce an additional activation/deactivation indication over the Xn interface, provided that the CellDTXDRX-Config is exchanged over XnAP.
RAN3 should define the cell DTX-DRX configuration IE over the RAN3 interfaces based on RAN2's definition. We prefer to define it as a RAN2 container, which can be carried within the existing Served Cell Information NR IE, and the Xn setup and NG-RAN node configuration update procedures are used for the exchange of cell DTX-DRX configuration. We give the following proposal.

Proposal 6: For XnAP, introduce a cell DTX-DRX configuration IE( as a container refer to RAN2 definition) into the existing Served Cell Information NR IE. The Xn setup and NG-RAN node configuration update procedures are used for the exchange of cell DTX/DRX configuration.The corresponding XnAP TP for cell DTX/DRX is provided in [1].
The impact on the F1 interface remains somewhat unclear at this time. RAN3 has not concluded whether the CU or DU determines the Cell DTX/DRX parameters configuration. Since cell DTX/DRX can be viewed as lower-layer parameters of the cell, from this perspective, it would seem more appropriate for the DU to determine the cell DRX/DTX configuration. However, if the network desires to maintain consistent or coordinated Cell DTX/DRX configurations for several adjacent cells within a certain area scope, it could also be reasonable for the CU to decide on the configuration. Additionally, it is unclear which node should decide the activation or deactivation of the cell DRX/DTX, or whether both nodes can make this decision. RAN3 can discuss the impact on the F1AP only after conclusions have been reached on these issues.

Proposal 7: RAN3 should discuss whether the CU or DU is responsible for determining the configuration of cell DRX/DTX, and which node should decide the activation or deactivation of the cell DRX/DTX, or if both nodes can make this decision. RAN3 discusses the impact on the F1AP after conclusions have been reached on these issues.
2.4 NES state coordination 

In the previous RAN3 meetings, it has been discussed and assumed that the exchange on the NES state or more granular cells status information is needed. However, RAN3 did not continue the discussion on this topic, as some companies believe that RAN1/RAN2 should first define the NES state.

	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. 
On the exchange NES state over network interfaces, RAN3 can further work pending on other group decision at normative phase. 


Currently, SA1 has nearly completed the study on "Energy Efficiency as a Service Criteria" in TR 22.882 for Rel-19. Energy efficiency as a service criteria allows services to be delivered with diverse energy efficiency and energy consumption policies. 

The term "energy state" is defined in TR22.882 as the state of a cell, network element, and/or network function with respect to energy. According to the definition, for example, by shutting down certain equipment, such as symbol shutdown, carrier shutdown, or channel shutdown, the cell can enter an energy state and provide a certain capacity. By shutting down more or less equipment, the cell can enter another energy state and provide a different cell capacity accordingly. In line with the cell load, a predefined list of energy states supported by the cell can be configured for verticals and operators (e.g., energy state 1, energy state 2, energy state 3, …). Each state is associated with a respective cell capacity and energy efficiency/consumption.  

Based on the study of “Energy Efficiency as a Service Criteria” in TR 22.882, the requirement for different energy states has been captured into Service requirements for the 5G system in TS22.261 (V19.4.0, 2023-09), as shown below.

	6.15a.3
Support of different energy states
6.15a.3.1
Description
Different energy states is beneficial for verticals and operators to save energy according to different working status of telecommunication equipment and manufacturing. 
6.15a.3.2
Requirements
The 5G system shall support different energy states of network elements and network functions. 

5G system shall support dynamic changes of energy states of network elements and network functions.

NOTE 4: This requirement also includes the condition when providing network elements or functions to an authorised 3rd party, the dynamic changes can be based on pre-configured policy (the time of changing energy states, which energy state map to which level of load, etc.)

The 5G system shall support different charging mechanisms based on the different energy states of network elements and network functions.




Therefore, we think that RAN3 can discuss the NES/energy state coordination between inter-nodes in the Rel-19 phase.

Proposal 8: RAN3 discusses the NES/energy state coordination between inter-nodes in the Rel-19 phase.
3 Conclusion

For inter-node beam activation, there is following proposal.

Proposal 1: Introduce a new cause "energy saving" for the deactivation of SSB for energy saving purposes over F1/Xn.

For paging enhancement, there are following proposals.

Proposal 2: It is not supported to transfer recommended SSB list in the Xn RAN PAGING message.
Proposal 3: The handling of the validity condition for recommended beams stored at CN significantly impacts the probability of paging failure, RAN3 should discuss potential solutions to address the issue of increased paging failure probability, and response our conclusion to SA2.

Proposal 4: CN paging enhancement is not pursued in Rel-18.
For cell DTX/DRX, there are following proposals and observations.

Proposal 5 : Exchange the Cell DTX/DRX configuration over Xn with per cell granularity. 

Observation1 : The features of Cell DTX and DRX can be independently enabled.  
Observation2 : RAN2 has agreed to merge the CELL DTX/DRX into one common configuration IE, namely the CellDTXDRX-Config IE. A type indication within this IE is to indicate the configuration for Cell DTX, Cell DRX, or both. 

Observation 3: Based on the current CellDTXDRX-Config IE defined by RAN2, a explicit activation/deactivation is already defined, Therefore, there is no necessity to introduce an additional activation/deactivation indication over the Xn interface, provided that the CellDTXDRX-Config is exchanged over XnAP.

Proposal 6: For XnAP, introduce a cell DTX-DRX configuration IE( as a container refer to RAN2 definition) into the existing Served Cell Information NR IE. The Xn setup and NG-RAN node configuration update procedures are used for the exchange of cell DTX/DRX configuration.The corresponding XnAP TP for cell DTX/DRX is provided in [1].
Proposal 7: RAN3 should discuss whether the CU or DU is responsible for determining the configuration of cell DRX/DTX, and which node should decide the activation or deactivation of the cell DRX/DTX, or if both nodes can make this decision. RAN3 discusses the impact on the F1AP after conclusions have been reached on these issues.
For NES/energy state coordination between inter-nodes, there is following proposal.

Proposal 8: RAN3 discusses the NES/energy state coordination between inter-nodes in the Rel-19 phase.
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Annex : Cell DTX/DRX parameters defined by RAN2 in running CR
--------------------------------------------------quoted from RAN2 running CR--------------------------

CellDTXDRX-Config
The IE CellDTXDRX-Config is used to configure cell DTX/DRX related parameters. Cell DTX is configured only when C-DRX is configured. 

CellDTXDRX-Config information element

-- ASN1START

-- TAG-CELLDTXDRX-CONFIG-START

CellDTXDRX-Config-r18 ::=                  SEQUENCE {

    cellDTXDRX-onDurationTimer-r18             CHOICE {

                                            subMilliSeconds INTEGER (1..31),

                                            milliSeconds    ENUMERATED {

                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,

                                                ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,

                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }

                                            }                                            OPTIONAL,  -- Need M
    cellDTXDRX-CycleStartOffset-r18        CHOICE {

        ms10                                INTEGER(0..9),

        ms20                                INTEGER(0..19),

        ms32                                INTEGER(0..31),

        ms40                                INTEGER(0..39),

        ms60                                INTEGER(0..59),

        ms64                                INTEGER(0..63),

        ms70                                INTEGER(0..69),

        ms80                                INTEGER(0..79),

        ms128                               INTEGER(0..127),

        ms160                               INTEGER(0..159),

        ms256                               INTEGER(0..255),

        ms320                               INTEGER(0..319),

        ms512                               INTEGER(0..511),

        ms640                               INTEGER(0..639),

        ms1024                              INTEGER(0..1023),

        ms1280                              INTEGER(0..1279),

        ms2048                              INTEGER(0..2047),

        ms2560                              INTEGER(0..2559),

        ms5120                              INTEGER(0..5119),

        ms10240                             INTEGER(0..10239)

    }                                                                                    OPTIONAL,  -- Need M
    cellDTXDRX-SlotOffset-r18              INTEGER (0..31)                                  OPTIONAL,  -- Need M
    cellDTXDRXconfigType-r18           ENUMERATED {dtx, drx, dtxdrx},
    cellDTXDRXactivationStatus-r18          ENUMERATED {activated, deactivated}

}
---------------------------------------------------------------------------------------------------------------------------------------

