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1
Introduction

Since green future is one of the important goals to pursue, we may study how to save network energy for mobile communication system.  In RAN#95e plenary meeting (March, 2022), “New SI: Study on network energy savings for NR” was approved to be a new study item for the future NR releases [1].  In RAN#98e plenary meeting (December 2022), “New WID: Network Energy Savings for NR” was approved to be a new working item for 5G NR [2].  According to the WID, RAN1 needs to specify the following 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.

3. Specify the following techniques in spatial and power domains

· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]

· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]

· Note: Above objectives are only for UE specific channels/signals

· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements


For this working item, RAN1 launched the first meeting in RAN1 #112 meeting [3], and the corresponding issues were keep on discussion during RAN1 #112bis meeting [4] and RAN1 #113 meeting [5]. The following agreements related to beam management (BM) enhancement and transmission configuration indication (TCI) enhancement in spatial and power domains were made in the previous meeting [5]: 
	Agreement (RAN1 #113)
· Downselect one of the following for BM enhancements in RAN1#114

· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving

· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
· Case 3: No further work on BM enhancements
Agreement (RAN1 #113)
· Downselect one of the following for TCI configuration enhancement in RAN1#114

· Method 1: Configure multiple candidate CSI-RS resources as reference signal for QCL information or for spatial relation information, and switch one of them based on L1/L2 signaling

· Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling

· Method 3: No further work on TCI configuration enhancement


This contribution aims to share our opinions on BM enhancement and TCI enhancement in spatial and power domains.
2
Discussion
Several companies show that more than 50% power consumption is associated with the network.  Especially when the traffic load is not heavy (e.g. idle or light traffic load), network energy consumption would be a significant issue to be solved.  
If the NES spatial and power domain adaption is performed via semi-static manner, traffic arrival, traffic buffer status, and the channel condition cannot be tracked timely; therefore, it may cause transmission delay or performance reduction due to semi-static manner.  In order to achieve better network energy saving gain, NES spatial and power domain adaption should be performed dynamically depending on its real-time status and/or traffic load.
Beam Failure Detection (BFD) Enhancement

For the conventional system, gNB configures the transmission power in a semi-static manner and configures UE with reference signal for beam failure detection (e.g. SSB or CSI-RS).  For the conventional beam failure detection procedure, UE detects a beam failure instance if the quality of the reference signal for beam failure detection is worse than a threshold.  If UE detects a number of beam failure instances and the number of beam failure instances reaches a configured value while the timer is not expired, UE declares beam failure, as shown in Figure 1.
For the NES system, gNB may configure the transmission power in a dynamic manner.  It may cause inaccuracy if UE follows the legacy behaviour, comparing the quality of the reference signal for beam failure detection and a conventional threshold.  Therefore, BFD enhancement must be considered.  In the previous meeting [5], it was agreed that BM enhancements should be downselected from the following cases: Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving, Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values, and Case 3: No further work on BM enhancements.
First of all, we suggest that Case 3 should be precluded because it may cause severe inaccuracy issue without any BM enhancement.  Secondly, for Case 2, UE is provided a candidate set of hypothetical power offset values and be indicated to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated power offset values.  Case 2 may cause additional feedback overhead and UE complexity for processing beam failure detection.  Thirdly, Case 1 can be seen as a compromise solution between Case 2 and Case 3.  For Case 1, UE performs beam failure detection according to a scaling threshold which is suitable for power adaptation.
Observation 1:
· For BM enhancements, 
· Case 3 should be precluded because it may cause severe inaccuracy issue without any BM enhancement.
· Case 2 may cause additional feedback overhead and UE complexity for processing beam failure detection.

· Case 1 can be seen as a compromise solution between Case 2 and Case 3.
Proposal 1:
· For BM enhancements, at least support Case 1:

· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving
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Figure 1: An example of beam failure
Transmission Configuration Indicator (TCI) Enhancement
For the conventional system, gNB configures the spatial element adaption in a semi-static manner, and each TCI state contains parameters for QCL relationship between one or two downlink reference signal (e.g. SSB or CSI-RS).  Hence, QCL relationship is also changed in a semi-static manner.  
However, for the NES system, gNB may configure the spatial element adaption in a dynamic manner.  Therefore, TCI enhancement should be considered for supporting dynamic adaption on the spatial element.  In the previous meeting [5], it was agreed that TCI enhancements should be downselected from the following methods: Method 1: Configure multiple candidate CSI-RS resources as reference signal for QCL information or for spatial relation information, and switch one of them based on L1/L2 signaling, Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling, and Method 3: No further work on TCI configuration enhancement
First of all, we suggest that Method 3 should be precluded because it may cause severe inaccuracy issue without supporting dynamic changing on the spatial element.  Secondly, for Method 2, UE is provided multiple candidate set of TCI state(s) and switch one of them based on L1/L2 signaling, which may cause additional overhead for carrying the multiple candidate set of TCI state(s).  Thirdly, Method 1 can be obtaining the TCI state according to the CSI-RS resources, which should be at least supported for TCI enhancement.
Observation 2:
· For TCI enhancements, 
· Method 3 should be precluded because it may cause severe inaccuracy issue without supporting dynamic changing on the spatial element
· Method 2, may cause additional overhead for carrying the multiple candidate set of TCI state(s)
Proposal 2:
· For TCI enhancements, at least support Method 1
3
Conclusions

In RAN#98e plenary meeting (December 2022), “New WID: Network Energy Savings for NR” was approved to be a new working item for 5G NR [2].  This contribution aims to share our opinions on BM enhancement and TCI enhancement in spatial and power domains. 

Observation 1:
· For BM enhancements, 
· Case 3 should be precluded because it may cause severe inaccuracy issue without any BM enhancement.
· Case 2 may cause additional feedback overhead and UE complexity for processing beam failure detection.

· Case 1 can be seen as a compromise solution between Case 2 and Case 3.
Observation 2:
· For TCI enhancements, 
· Method 3 should be precluded because it may cause severe inaccuracy issue without supporting dynamic changing on the spatial element
· Method 2, may cause additional overhead for carrying the multiple candidate set of TCI state(s)
Proposal 1:
· For BM enhancements, at least support Case 1:

· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving

Proposal 2:
· For TCI enhancements, at least support Method 1
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