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Introduction
As one of the objectives in SON/MDT WID, the inter-system inter-RAT energy saving was discussed in last meeting, and the following agreements were made:
· A cell state indication, triggered at change of cell status, should be sent from the NG-RAN node to the eNB to indicate the status of the concerned cell for energy saving purpose.
· A cell activation request should be sent from eNB to NG-RAN node to request a previously switched-off cell/s to be re-activated. 
· A cell activation response should be sent from NG-RAN node to eNB to indicate that one or more cell(s) previously switched-off has (have) been activated.
· Enhance Inter-System SON Information message on S1AP and NGAP to support inter-system Energy Savings.
Per TR37.816, in case of the NR capacity booster cells switched off, the NG-RAN node should send a cell state indication of concerned cell, e.g., deactivate, to the eNB node that provides basic coverage. Therefore, in current stage there is only two cell states for energy saving operation. Due to the switching off operation may result in no 5G signal in a certain region, operators prefer to adopt other energy saving solution, e.g., channel shutdown, symbol shutdown, during light traffic to trade off the user’s experience and power consumption. The intention of this paper is to introduce a new cell status for inter-RAT inter-system energy saving, and gives some analysis on its impact on F1/S1/NG interface.
Discussion
As per TR37.816, one of the typical scenario for inter-RAT inter-system energy saving is that the gNB connects with 5GC to provide boost capacity, the LTE eNB connects with EPC to provide basic coverage. In certain scenarios such as shopping malls, stadiums, and office buildings, there are no or less service requirements at fixed periods. The NR capacity booster cells may be switched off to save the energy of the base stations. Obviously, switching off a cell is a straight and efficient method to reduce the power consumption for a base station. In 5G initial deployment phase, due to only one frequency is commonly deployed in network to provide basic coverage for NR, switching off operation will result in 5G logo , one of the key user experiences , disappeared in screen. Therefore, how to trade off the user’s experience and power consumption is an important issue to address.
Observation: How to trade off the user’s experience and power consumption is an important issue to address.
Currently, some implementation solutions for energy saving, e.g., RF channel shutdown, symbol shutdown, reducing Tx power, were provided to achieve the reduction for power consumption. Some solutions or their combined solutions have only a small effect on the coverage performance . For example, as illustrated in Figure 1, to reduce the total Tx power while keeping SSB Tx power in off-peak hour can significantly reduce the power consumption of AAU. In addition, according to the link budget result in table 1, the variation of cell-edge downlink throughput could be ignored. Therefore, switching off cell is not the only way to reduce the power consumption for 5G base station in off-peak hour.
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Figure 1 power consumption comparison for different Tx power
Table 1 downlink link budget for different Tx power
	
	NR2100
4T4R 4*40W
	NR2100
4T4R 4*60W
	NR2100
4T4R 4*80W

	ISD(m)
	400m
	400m
	400m

	Carrier bandwidth (MHz)
	40MHz
	40MHz
	40MHz

	UE Rx #receivers
	4
	4
	4

	UE power (dBm)
	23
	23
	23

	Antenna+
Beamforming gain(dBi)
	17
	17
	17

	Cell load
	50%
	50%
	50%

	Penetration Loss(dB)
	21
	21
	21

	Cell-edge downlink
Throughput(Mbps)
	63Mbps
	63.33Mbps
	63.49Mbps



The essence of energy saving solution is to switch off some radio resources of a concern cell. Given that the NR cell capacity is significantly reduced in case the energy saving features enabled, 4G network can be configured with some RRM policies to not handover or redirection UEs to 5G SA network. Therefore, based on the above requirements, a new cell state “low power consumption” shall be introduced in Rel-17 inter-RAT inter-system energy saving.
Proposal 1: It is proposed to introduce a new cell state “low power consumption” in Rel-17 inter-RAT inter-system energy saving.
To support inter-system inter-RAT energy saving, it is need to introduce cell status information in the existing Inter-System SON Information Report message in S1AP and NGAP interfaces. Once this state received, the eNB can decide the corresponding inter-RAT mobility strategy to the NR node. 
Proposal 2: To support inter-system inter-RAT energy saving, it is need to introduce cell status information in the existing Inter-System SON Information Report message in S1AP and NGAP interfaces.
In CU/DU split architecture, it is need to indicate the cell status in GNB-DU CONFIGURATION UPDATE message. In existing F1 message, the following IEs are used to indicate the active cells in DU.
	Cells Status List
	
	0..1
	
	Complete list of active cells
	YES

	> Cells Status Item
	
	0 .. <maxCellingNBDU>
	
	
	EACH

	>> NR CGI
	M
	
	9.3.1.12
	
	-

	>>Service Status
	M
	
	9.3.1.68
	
	-



In order to support the new cell status, the low power consumption status shall be contained in Service Status IE. 
Proposal 3: In order to support the new cell status, the low power consumption status shall be contained in Service Status IE. 
Proposal
Based on the above analysis, we have the following proposal:
Proposal 1: It is proposed to introduce a new cell state “low power consumption” in Rel-17 inter-RAT inter-system energy saving.
Proposal 2: To support inter-system inter-RAT energy saving, it is need to introduce cell status information in the existing Inter-System SON Information Report message in S1AP and NGAP interfaces.
Proposal 3: In order to support the new cell status, the low power consumption status shall be contained in Service Status IE. 
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