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1 Introduction

RAN#98 has agreed the WI to specify the techniques to improve the network energy savings as RP-223540.
There are two RAN3 related objectives:

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.
……
6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].
In the paper we discuss the potential interface impact for network energy saving. 

2 Discussion
Cell DTX/DRX

Cell DTX/DRX is one of the main techniques in time domain for NES. There are four examples on cell DTX/DRX behavior during non-active periods:
-
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 inter-node exchange of cell DTX/DRX can provide the information to assist its own cell policy setting. With inter-node exchange, the node takes it as the information to set the transmission power. For example, when the neighbour cells are in non-active periods (e.g. without any transmission, reference signal only, or periodical inactive), the node can lower down its transmission power to realize ES purpose due to low interference from neighbour cells. The node also can decide its cell DTX/DRX configuration based on the received configurations. To alleviate the interference, one possible way is to select the different time periods with neighbours to do transmission or reception. In addition, it can contribute to the SON decision. The node can select the suitable target cell according to the cell DTX/DRX configuration and status of the UE. If the measurement results of one cell is good but the cell DTX/DRX periodicity does not match the status (e.g. service requirements) of the UE, the node may not select such cell as the target one in LB or MO decision setting to secure the UE performance.

The detailed design for cell DTX/DRX will be specified in RAN1 and RAN2. From RAN3 perspective, the metrics to be exchanged should wait for the progress of other WGs.
Proposal 1: The inter-node information exchange on cell DTX/DRX depends on the progress of other WGs.
Inter-node beam activation
The cell can deactivate the SSB beam and inform the neighbour via NG-RAN node configuration update procedure. The existing mechanism supports the neighbour node to activate the cell in energy saving state by cell activation request. To be more granular, beam activation should be supported to maintain the performance. After the node deactivating one SSB beam, if the load of neighbour cell goes to higher and it needs to offload the UEs to the energy-saving beam, this neighbour node can request the node to activate the beam that are deactivated before. In such case, the energy saving strategy can be flexibly changed based on the network status. The existing cell activation procedure can be the baseline.
Proposal 2: The existing cell activation can be the baseline for inter-node beam activation procedure. 

Paging enhancements

The current paging scheme is to send paging information in every beams until the paging is successful. For low mobility or stationary UEs, the locations for them are nearly unchanged with short time into RRC inactive/idle states. So there is high possibility to page them successfully with the corresponding beam based on the previous location info. It can effectively reduce the energy consumption due to multiple paging attempts. However, when UE goes to inactive/idle states, gNB DU would release the UE context. There is no stored information to provide reference to reduce the number of paging attempts. Hence, enhancement is required to reduce the energy consumption for paging attempts.
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Figure 1: Paging is transmitted by all the SSB beams in current network

For the UE in inactive state, gNB DU can provide the location info (e.g. beam info) to gNB CU when releasing the UE context. After UE falling into the inactive state, if paging is required, gNB CU can send the paging message with the location info. And then, gNB DU pages the UE via the beam based on received location info.  The similar scheme can be applied for UE in idle state. When releasing the UE context, RAN can offer such location info to AMF. And then, when paging, AMF can send the paging message along with the location info. gNB or gNB DU can page UE via the corresponding beam.
With such scheme, the paging may be successful through one attempt. It effectively reduces the energy consumption for paging via all beams. It can be foreseen that there is spec impact for F1 and NG.
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Figure 2: Paging is transmitted by the specific SSB beam(s)

Proposal 3: Support to transfer the finer location information of low mobility or stationary UEs via F1 and NG to provide reference info for paging enhancement. 

3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals.
Proposal 1: The inter-node information exchange on cell DTX/DRX depends on the progress of other WGs.
Proposal 2: The existing cell activation can be the baseline for inter-node beam activation procedure. 

Proposal 3: Support to transfer the finer location information of low mobility or stationary UEs via F1 and NG to provide reference info for paging enhancement. 
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