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Introduction
In RAN#94-e meeting, the new study item on network energy savings for NR was updated [1].
In this contribution, we share our views on the evaluation methodology and power model of the network energy saving.
Discussion

Traffic model
For network operation, proper traffic adaptation would be essential for energy saving. The SID mentions that:
	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.


Thus, a key aspect is to investigate how network is able to adapt its operation to the changing of the network traffic load. Although the traffic is essentially generated for UE(s), the network level traffic model is important to reflect the traffic load change in the network level. Thus the traffic model for network energy saving should be able to simulate below situations:
· UE level traffic load changing in time domain
· Cell level traffic load changing in time domain
· Cell level traffic load imbalance among multiple carriers and neighbor cells
Considering that, FTP model 3 can be starting point. For more complexed scenarios with traffic load changing, multiple data flows from network side can be considered. Each flow can be defined by a set of parameters of packet payload and mean inter-arrival time. In addition, it needs to be studied whether to simulate both DL and UL traffic simultaneous. Because from the network side, it is more typical case that DL and UL traffic may both exist for different UEs. So how the network may adapt to the traffic is important for network energy saving.
Proposal 1: To evaluate network energy saving, FTP model 3 with multiple data flows with different sets of parameters of packet payload and mean inter-arrival time can be considered. Furthermore, whether to support simultaneous DL and UL traffic needs to be studied.


KPI
As a general metric defining the energy efficiency of the network, bit/J could be a more unified metric for study. However, this would require a more complete, detailed and accurate power model that reflects all the possible factors of base station operation, which may further break down into factors that are dynamically linked to data transmission/reception and also static factors all the time, even when data transmission/reception is not ongoing, as mentioned by the SID [1]. Thus an absolute metric value of energy efficiency may require more efforts to converge and calibrate.
To facilitate the study, the KPI design principle could refer to and be similar with the study of UE power saving. A relative network energy saving gain compared with baseline scheme can be the main performance metric. This can largely reduce the efforts on calibrating. To pursue network energy saving gain properly without sacrificing the system performance in other aspects, some highlighted metrics need to be also reported and benchmarked, e.g. service/scheduling delay, user throughput, spectrum efficiency, UE power consumption and so on. 
Proposal 2: To evaluate network energy saving gain, the gain compared with a baseline reference case/scheme should be the main performance metric. In addition, the system and UE performance should also be benchmarked and compared, e.g. service/scheduling delay, user throughput, spectrum efficiency, UE power saving and so on. 

Power model
Base station power model framework shall be adapted from the UE power consumption model in [2] with proper modification to suit base station side.
Power states of non-sleep mode
For base station power consumption, baseline should be ‘per slot power state’ similar to UE power consumption model. For each kind of slot, the power values should be defined accordingly with necessary scaling:
· Similar with UE power model, differentiation between FR 1/2 is needed due to likely different PA and RF modules equipped.
· For both FR1 and FR2, power scaling as per the number of Tx/Rx chains should be supported. However, the scaling range should be larger than UE power model, especially for the DL Tx chains, given that the antenna elements/panels scale is much larger than UE side. The scaling is useful for evaluating adaptation for both FR1 massive MIMO and FR2 beam operation.
· Although antenna virtualization is transparent to UE, the number of antenna elements/panels has direct impact to gNB power consumption. Thus, it needs to be clarified whether the number of antenna elements/panels should be explicitly reflected in the power model.
· In each slot, from the system perspective, it is important to look at the operation with both Tx and Rx for energy saving study. For UE power saving, the UL Tx power model is separated from Rx and is  optionally added only when Rx is active. In addition, its study in SI/WI mainly focused on DL. For the network side power model, following points needs to be clarified:
· Whether Tx is active only when Rx is active. Our view is independent operation like only Rx or only Tx are possible.
· How to take into account TDD slot format with both DL and UL symbols to ‘per slot power state’. Note that the part of the energy consumption per slot should be scalable based on the number of DL and UL symbols.
· In frequency domain, similar with UE power model, base station side scaling based on bandwidth should be supported with a limited set of system bandwidths and CC numbers. Our view is potential new cell operation is applied to new capable UE but the legacy UEs are banned are within the scope. For such operation, in order to keep backward compatibility for legacy UEs, multiple carrier operations are quite important, similar to NCT (New Carrier Type) in LTE small cell enhancement [3].
· In power domain, it needs to clarify the energy consumption is linked to the maximum transmission power of Active Antenna Unit (AAU) or operating transmission power. It means RF part is full transmission with Tx power adjustment by the baseband or RF part is also adjusted with Tx power. For the latter case, the impact on the transition time and phase coherence among the different RF power may be some discussion. 
· As gNB is responsible for scheduling and other high layer processing, which are much more burden than UE side, the power model needs to take this into account. As the high layer calculation may be continuing in some slots even when gNB is not transmitting/receiving, power consumption of this part can be averaged and spread in each slot of non-sleep mode. Thus this may lead to that the basic power consumption stage is raised. In practice, it may be related to the number of active UEs and total bearers/flows. But in the power model, simplified handling is desirable.
· Similar to UE power model, as discussed below, power sates should be considered.
In summary, regarding the base station power model, the following proposal is highlighted:
Proposal 3: The base station power model for non-sleep mode should be based on per slot power state, which is differentiated between FR1 and FR2 and scalable based on number of Tx/Rx chains (explicit or implicit scaling on antenna elements/panels should be clarified), number of DL and/or UL symbols, system bandwidths, number of CCs, and possibly Tx PSD. High layer processing energy consumption should be taken into account for baseline per slot power state.

Power states of sleep modes
In UE power model, three sleep modes were defined to formulate the UE power state when transmission/reception is not ongoing. In our view, some extension from that can be adopted for the base station power state definition. On the other hand, more investigation is also needed on how to adapt the model. The Table.1 provides our more detailed thinking.
Table 1. gNB power states of sleep modes
	
	UE power model
	gNB power model

	Deep sleep
	Not require UE to maintain accurate synchronization.
	It can be discussed whether a similar mode needs to be defined for some idle slots, considering:
· Less chance for gNB to have real idle slots than UE;
· Some static operation and background processing are still needed for gNB even transmission/reception is not ongoing
If the evaluation contains similar to "Long-term on/off schemes for energy saving" or "semi-static on/off schemes" in LTE small cell enhancement [3], such models may be necessary. But we think the focus is rather dynamic on/off schemes in this SI.

	Light sleep
	Limited modules are active to maintain synchronization but not ready for transmitting or receiving immediately
	Similar mode could be useful, in which gNB only maintains its own clock for DL but not for the UL for the individual UEs. Also certain static operation and background processing should be assumed.

	Micro sleep
	UE can immediately transit to active mode and start to transmit/receive signal. So basically, all the necessary modules are on.
	Similar operation but with possibly different assumption of background processing of high layer and physical layer including transmitting preparation and received signaling processing for all the active UEs in the entire cell. In additional, even when there is no traffic ongoing, periodic preparation and transmitting signal is still needed, e.g. SIBx, SSB/CSI-RS and detection/processing of SRS, SR, PRACH. 
Hence, perhaps these consumptions can be averaged to each possible micro sleep slot. Similar discussion can be applied for light and deep sleep, depending on the assumed gNB operation in these modes.



Regarding the transition time and transition energy defined for the sleep modes, it is better to investigate and clarify whether for base station the transition time and energy are related to base station operation parameters in non-sleep mode, e.g. system bandwidth, number of Tx/Rx chains and so on.
Based on the analysis and comparison in Table.1,
Proposal 4: UE sleep modes can be considered to be extended to gNB power model but with the below aspects to investigate particularly:
· Whether deep sleep mode is defined for gNB i.e. what time scale of the evaluation are carried out.
· At least, gNB static operation and background processing are different assumptions from the UE power model for defining sleep modes. These aspects should be taken into account by both definition itself and also the power value.


Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: To evaluate network energy saving, FTP model 3 with multiple data flows with different sets of parameters of packet payload and mean inter-arrival time can be considered. Furthermore, whether to support simultaneous DL and UL traffic needs to be studied.
Proposal 2: To evaluate network energy saving gain, the gain compared with a baseline reference case/scheme should be the main performance metric. In addition, the system and UE performance should also be benchmarked and compared, e.g. service/scheduling delay, user throughput, spectrum efficiency, UE power saving and so on. 
Proposal 3: The base station power model for non-sleep mode should be based on per slot power state, which is differentiated between FR1 and FR2 and scalable based on number of Tx/Rx chains (explicit or implicit scaling on antenna elements/panels should be clarified), number of DL and/or UL symbols, system bandwidths, number of CCs, and possibly Tx PSD. High layer processing energy consumption should be taken into account for baseline per slot power state.
Proposal 4: UE sleep modes can be considered to be extended to gNB power model but with the below aspects to investigate particularly:
· Whether deep sleep mode is defined for gNB i.e. what time scale of the evaluation are carried out.
· At least, gNB static operation and background processing are different assumptions from the UE power model for defining sleep modes. These aspects should be taken into account by both definition itself and also the power value.
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Appendix: 
The objectives of SID RP-213554 are quoted below:

1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

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. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.

Note 2: the study of energy savings specifically for IAB is not part of the scope.

The study should coordinate with RAN4 as needed.
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