3GPP TSG RAN WG1 #109-e


R1-2205070
e-Meeting, May 9th – May 20th, 2022
Source: 
Rakuten Mobile Inc.
Title:
Potential Techniques of Network Energy Savings 
Agenda:
9.7.2
Document for:
Discussion
1 Background
  In RAN#94, a study item on network energy savings for NR was approved [1].  According to the SID, objectives w.r.t network energy saving techniques are as follows.
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2 Discussion on Network Energy saving Techniques
2.1 Dynamic Antenna Array Rx/Tx port/Antenna/Panel/Beam adaptation including ON/OFF 

During low or medium load scenarios gNB Antenna port Rx/Tx can be reduced to effectively reduce the energy consumption of the Radio Unit.
Also, there would be two types of implementation of Dynamic Antenna Array Rx/Tx adaptations.
1) Predetermined fixed reconfigurations. i,e 64T64R to 32T32R.
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Figure 1.
Such configurations are relatively easy to implement on the gNB side and CSI-RS configuration for accurate channel estimation can be acquired through RRC-Reconfiguration.
However, CSI-RS enhancements would be required if such reconfigurations need to be done for each subframe/TTI.

Such, configuration changes may also have impact of L1-RSRP measurements and may trigger RLF.

Proposal 1: Study impacts of changing Massive MIMO antenna configurations on UE performance and investigate solutions to improve channel estimation 
2) Antenna Array Rx/Tx Dynamic configuration based on User distribution and energy optimisation 


Figure 2.

Dynamically changing the massive MIMO Rx/Tx Array configuration based on user distribution and energy optimisation is more challenging in terms of Radio HW implementation and accurate channel estimation from UE.
However, such configuration will further improve energy efficiency through accurate beamforming as well as for optimisation of Antenna Power amplifiers.
Proposal 2: Investigate Energy savings through utilization of non-uniform and dynamic antenna array reconfigurations including the challenges such as channel estimation and UE service degradation.

3) Massive MIMO Power Amplifier efficiency improvement through dynamic Array configuration. 

Another use case of Dynamic Rx/Tx On Off is optimisation of Power Amplifier efficiency.
As, indicated in [2], Adaptation of the antenna array configuration according to the traffic load can reduce power consumption and improve PA energy efficiency.
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Fig. 3. Different investigated array types A, E, F, K, L with 256, 128 and 64

elements, supporting 64, 32 and 16 ports (el = antenna elements, p = ports)
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Fig. 4. Power consumption of different array architectures for different traffic

load
Proposal 3: Investigate Energy savings through Antenna Power amplifier efficiency improvement by modifying antenna array configuration.
2.2 Wake up signal /DTX for gNB

There has not been much discussion on “Zero Traffic” energy savings techniques when there is no CA/DC (single carrier scenario).
DRX,DTX and Wake Up signal (WUS) have been extensively studies and discussed for UE energy savings, similar techniques can be used to save energy at the network side.

WUS in the uplink would be completely new feature and hence it would not be backward compatible but can be consider for new bands or FR2 scenarios.
Proposal 4: Study and investigate Network energy savings by utilizing UE like DTX and low power wake up signal to Turn on dormant cell, such study should in FR2 frequencies.

2.3 Dynamic SSB periodicity.
SSB signals are transmitted by gNB even in no traffic, frequent SSB transmission reduces time domain sleep duration of cell especially in case of FR2 where upto 64 SSB’s need to be transmitted.
As per [3] active symbols carrying SSB/SIB1/paging signals with 64 beams may reach 40%, resulting in large static power consumption even if there is no traffic.
Proposal 5: Investigate methods to increase SSB periodicity without degrading user performance.

3 Network Energy savings through additional UE assistance information 
Information about UE traffic type, Location, time criticality, traffic volume, coverage, mobility, service type, information availability is critical to network energy efficiency.

All the information from UEs can be gathered to activate, de-activate or modify various energy savings techniques.
One example would be, if gNB know that UE is downloading a file in such a case gNB can allocate maximum PRB’s for short period of time to complete file download. Hence, saving power in time domain as symbol ON time can be reduced.
However, if user is watching a video in such a case there is a possibility that use may not watch whole video and hence just need to buffer it for short duration.
In such a case, gNB do not need to activate all carrier’s or Rx/Tx and user may be allocated few PRB’s enough to buffer video for a few seconds.

Proposal 6: Study and investigate how UE assistance information can be utilized to activate, deactivate, or modify energy savings methods.

4 Conclusion

Proposal 1: Study impacts of changing Massive MIMO antenna configurations on UE performance and investigate solutions to improve channel estimation.

Proposal 2: Investigate Energy savings through utilization of non-uniform and dynamic antenna array reconfigurations including the challenges such as channel estimation and UE service degradation.

Proposal 3: Investigate Energy savings through Antenna Power amplifier efficiency improvement by modifying antenna array configuration.
Proposal 4: Study and investigate Network energy savings by utilizing UE like DTX and low power wake up signal to Turn on dormant cell, such study should in FR2 frequencies.

Proposal 5: Investigate methods to increase SSB periodicity without degrading user performance.

Proposal 6: Study and investigate how UE assistance information can be utilized to activate, deactivate, or modify energy savings methods.
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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.
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