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Introduction
As specified in the SID [1], RAN2 should study and identify techniques to improve network energy savings as follows:
	3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 


This contribution discusses UE’s signalling assistance for network energy saving (NES).

Discussion
Principle
When gNB turns off its functionalities for NW energy saving, a UE may need to request the gNB to wake up and activate more NW functionalities to provide services to the UE considering UE’s required services and QoS. For instance, if a UE requires high data rate or high-priority data transmission or low-latency data transmission, gNB needs to know such information for termination of the NW energy saving operation. If a UE does not requires high data rate, high-priority data transmission nor low-latency data transmission, this information also needs to be delivered to the gNB for NW energy saving.
Observation 1. NES should be determined based on UE’s required data rate and served traffic characteristics.
1.1 Potential Assistance Information
As information to report, we may consider a number of components. For better discussion, we can categorize those components as follows:
· Category 0: Existing UAI Message
· Preferred BW, preferred CC, preferred DRX configuration, preferred MIMO layers, etc.
· Category 1. UE’s Network Energy Saving Preference
· 1a. UE is ok with NW energy saving.
· 1b. UE is not ok with NW energy saving.
· 1c. Detail resources that NW can temporarily turn off, e.g. periodicity of network energy saving mode, which resource can be turned off from the UE perspectives, Cell ID, BWP ID, CG/SPS, CSI-RS/SRS/PRS, PDCCH monitoring, etc.
· Category 2. Real-time Traffic Status
· 2a. Buffer size (data volume) of logical channels, QoS flows, or radio bearers
· 2b. Presence of data (with high priority, or of configured services (logical channels))
· 2c. Expected data volume in the near future 
· 2d. Required data rate in the near future 
· Category 3. Long-term Traffic Characteristics
· 3a. Service priority
· 3b. Delay tolerance
· 3c. Required data rate
· 3d. Required reliability level
· 3e. Traffic type (GBR/non-GBR, URLLC/eMBB)
· 3f. Packet size, packet arrival pattern (periodicity)
· Category 4. UE-specific Information
· 4a. Coverage (measurement)
· 4b. UE mobility status
· 4c. Location
· Category 5. Additional UE Preference
· 5a. Preferred SSB
· 5b. Preferred resources type (UL CG/DG, SPS/DG)
Category 0 report is already defined in Rel-17 UE Assistance Information. We see as a baseline, the existing UAI message without enhancements can be used.
Proposal 1. RAN2 to agree that Rel-15/16/17 UE Assistance Information can be used without enhancements for NW energy saving, e.g. preferred BW, preferred CC, preferred DRX configuration, etc.
Category 1 report is simple and straightforward to gNB. However, it may not be clear how UE can decide 1a/1b/1c. It may rely on UE implementation, however this report without explicit rule/requirement makes it less efficient for network’s final decision. 
For Category 2, UEs may know the real-time traffic status better than the gNB, especially for uplink. It is clear that this information is useful for NW energy saving. 2a and 2b are similar with contents and triggering of BSR, thus we may consider to reuse the BSR mechanism. Only new triggering condition may be needed. For 2c and 2d, UE has to calculate/decide the traffic status in the future. It may be left up to UE implementation, e.g. internal communication with its application processor or using artificial intelligence. Similar to Category 1 report, either requirement or accuracy level may be needed.
Proposal 2. RAN2 to study UE’s assistance signalling to report the following information
- UE’s NW energy saving status (e.g. UE is ok/not ok with NW energy saving)
- Real-time traffic status (e.g. buffer size, presence of data, expected data volume/data rate)
Category 3, long-term characteristics are all QoS-related information which gNB already knows based on CN signalling. This category is not need to be reported by the UE. 
Proposal. 3 RAN2 not to consider UE’s assistance signalling to report the following information
- Long-term traffic characteristics overlapped with QoS information delivered from CN.
Category 4 report may be useful when gNB decides NW sleep operation. However, existing mechanisms already support, i.e. measurement report and UE location report. It seems that no enhancement is expected.
Proposal 4. RAN2 to agree that existing measurement report and UE location information without enhancements can be used for NW energy saving.

Triggering of Assistance Information 
Triggering conditions of the assistance information depends on the criteria and exact information. In any case, we may consider the following trigging options:
< Baseline UAI-like triggering >
- Applicable for all categories.
	- If the UE did not transmit an assistance information message (e.g. UAI) with the specific information since its configuration; or 
- If the current assistance information is different from one indicated in the last transmission and a prohibit timer is not running:
	- initiate a transmission of the assistance information (e.g. UAI) message.



< State mismatch-based triggering >
- Applicable for Category 0, 1 and 5.
In this triggering, mismatch between NW status and UE preference triggers the assistance information.
	- If the current assistance information on preference is different from the current configuration, initiate a transmission of the assistance information.



< Threshold-based triggering >
- Applicable for quantitative object, e.g. Category 2, 4, data volume for selected logical channels
	- If the quantity is larger than (or smaller than) a configured threshold, initiate a transmission of the assistance information.



< Presence/priority-based triggering >
- Applicable for uplink data, i.e. 2b
	- If new data of the subset of (or all) logical channels of the MAC entity arrives and there was no data for the logical channel, initiate a transmission of the assistance information.
- If there is no buffered data of the subset of (or all) logical channels of the MAC entity, initiate a transmission of the assistance information.


In any case, triggering condition of the assistance information should be studied to make it efficient. Hence, it would be desirable to study appropriate triggering condition for each assistance information which RAN2 agrees to study.
Proposal 5. RAN2 to study triggering condition for each assistance information.

Conclusion
In this contribution, potential candidates of assistance information are categorized for study as follows:
< Potential candidates of assistance information from UE side >
· Category 0: Existing UAI Message
· Preferred BW, preferred CC, preferred DRX configuration, preferred MIMO layers, etc.
· Category 1. UE’s Network Energy Saving Preference
· 1a. UE is ok with NW energy saving.
· 1b. UE is not ok with NW energy saving.
· 1c. Detail resources that NW can temporarily turn off, e.g. periodicity of network energy saving mode, which resource can be turned off from the UE perspectives, Cell ID, BWP ID, CG/SPS, CSI-RS/SRS/PRS, PDCCH monitoring, etc.
· Category 2. Real-time Traffic Status
· 2a. Buffer size (data volume) of logical channels, QoS flows, or radio bearers
· 2b. Presence of data (with high priority, or of configured services (logical channels))
· 2c. Expected data volume in the near future 
· 2d. Required data rate in the near future 
· Category 3. Long-term Traffic Characteristics
· 3a. Service priority
· 3b. Delay tolerance
· 3c. Required data rate
· 3d. Required reliability level
· 3e. Traffic type (GBR/non-GBR, URLLC/eMBB)
· 3f. Packet size, packet arrival pattern (periodicity)
· Category 4. UE-specific Information
· 4a. Coverage (measurement)
· 4b. UE mobility status
· 4c. Location
· Category 5. Additional UE Preference
· 5a. Preferred SSB
· 5b. Preferred resources type (UL CG/DG, SPS/DG)
RAN2 is requested to discuss and agree to the following observation and proposals:
Observation 1. NES should be determined based on UE’s required data rate and served traffic characteristics.
Proposal 1. RAN2 to agree that Rel-15/16/17 UE Assistance Information can be used without enhancements for NW energy saving, e.g. preferred BW, preferred CC, preferred DRX configuration, etc.
Proposal 2. RAN2 to study UE’s assistance signaling to report the following information
- UE’s NW energy saving status (e.g. UE is ok/not ok with NW energy saving)
- Real-time traffic status (e.g. buffer size, presence of data, expected data volume/data rate)
Proposal. 3 RAN2 not to consider UE’s assistance signaling to report the following information
- Long-term traffic characteristics overlapped with QoS information delivered from CN.
Proposal 4. RAN2 to agree that existing measurement report and UE location information without enhancements can be used for NW energy saving.
Proposal 5. RAN2 to study triggering condition for each assistance information.

