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Introduction
In RAN#94 meeting, a new study item “Study on network energy savings for NR” [1] was approved for Rel-18, with the following objectives:
	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


During RAN1#109 meeting, the candidate techniques for the time/frequency/spatial/power domain energy saving and the potential UE assistance information were initially discussed, and the agreement was captured in [2]. 
In this paper, we discuss the network energy saving (NES) techniques for single carrier, from the perspective of RAN2.
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Motivation
Today the NR carriers are deployed in a standalone manner widely. In the legacy design, energy saving can be achieved by switching off the cell when the load of the cell is very low, e.g. below 5%. Typically, the cell switching on/off operation is performed on the time scale of minutes or longer. Such semi-static approach has limitations, for example i) every time the cell is switched on/off, all idle UEs in the cell need to find another cell to camp on, which may lead to unnecessary mobility back and forth; and ii) when the cell is switched on/off, the neighbouring cells may have to boost the power to compensate for the coverage hole, which will increase the energy consumption of these neighbouring cells.
One component of BS energy consumption is from the DL common signals which are sent periodically. Among the DL common signals, SSB has a default periodicity of 20ms for initial access; SIB1, OSI and paging can be configured with adaptive periodicities, but the periodicities are often set to small values to guarantee a certain access delay. Table I shows an example of the overhead of DL common signals. It can be seen that these common signals occupy a substantial amount of time-domain resource. In the idle and low load case, the BS energy consumption comes mainly from the transmission of DL common signals, especially the transmission of SSB and SIB1 (the amount of OSI & paging is very small in the idle and low load case). For example, more than 30% of BS energy consumption comes from the broadcast of SSB and SIB1 in the low load case [3]. Therefore, the enhancement to reduce the transmission of DL common signals is desirable for NES, especially for NES in the idle and low load case.
Table I．Time-domain resource occupancy of DL common signals
	
	SSB
	SIB1
	OSI & paging
	Total

	Time-domain (symbol) ratio
	6.5%
	22.7%
	~6%
	~34.2%

	· System parameters: FR1, SCS 30kHz, 8 beam, frame structure = 7D:1S:2U, SSB/SIB1 periodicity = 20ms, SSB/CORESET multiplexing pattern 1
· Ratio of OSI & paging varies with the network config. The value ~6% is an estimated value for the low/medium load case.


Observation 1: The DL common signals occupy a substantial amount of time-domain resource. In idle and low load case, the BS energy consumption comes mainly from the transmission of DL common signals.  
Proposal 1: The NES techniques to reduce the transmission of DL common signals shall be studied.
NES Techniques for single carrier
(1) Cell waken-up mechanism with UL WUS
One candidate mechanism is to enable the UE to send a UL WUS signal to waken up a sleeping cell, as shown in Fig. 1. Specifically, for a cell in the idle and ultra-low load case, the transmission of SSB and SIB1 can be reduced, e.g. the cell only transmits a light/simplified version of SSB with a long periodicity (e.g. 160 ms) for cell discovery and measurement and does not transmit SIB1. When a UE needs to acquire SSB and SIB1, e.g. when entering the coverage of the cell, it can send a UL WUS signal in specific occasions to trigger the normal transmission of SSB and SIB1.
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Fig. 1 Cell waken-up mechanism
This mechanism applies to (a) the carrier deployed for coverage layer in a standalone manner, and (b) the carrier deployed for capacity layer in a standalone manner with other carriers deployed for coverage layer in the same area, as shown in Fig. 2. Since the UL WUS signal is new to UEs, in scenario (a) it is appropriate to apply the mechanism at newly deployed frequency bands, where UEs have to anyway upgrade to support the new frequency bands as well as the new WUS signal; in scenario (b) it is also feasible to apply the mechanism at the new frequency bands where the UEs support UL WUS, and to deploy the coverage layer carrier at legacy NR frequency bands where legacy UEs can stay.
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Fig. 2 Applicable scenarios for the cell waken-up mechanism
There are a few aspects to be studied from perspective of both RAN1 and RAN2 as listed below:
a) WUS signal. The detailed physical layer design for the signal, e.g. the sequence used for the signal and the candidate time/frequency location for sending the signal, is within the scope of RAN1. Other aspects, e.g. which information to be carried in the signal and how to indicate the candidate time/frequency location for sending WUS signals, should be studied in RAN2.
b) Triggering conditions for cell waken-up. RAN2 can study the potential mechanisms to reduce the probability of WUS false/missed alarms and avoid the unnecessary re-transmission of WUS signals.
c) Mechanisms to reduce the access latency, e.g. how to reduce the waiting time for UE obtaining the broadcast signals after the WUS signal is sent. This can be studied in both RAN1 and RAN2. Especially, RAN2 can study e.g. the enhancement to cell search and (re)selection. 
Proposal 2: The cell waken-up mechanism shall be considered in RAN2 study, with focus on e.g. the information to carry in the UL WUS signal, the indication of candidate time/frequency location for sending UL WUS signals, potential enhancement to support efficient cell waken-up and low access latency.
(2) mixed SSB periodicities and cell DTX
[bookmark: _Hlk109984496]Another two candidate techniques, the mixed SSB periodicities (as shown in Fig. 3) and the cell DTX (as shown in Fig. 4), can be studied in RAN2 as well.
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Fig. 3 Mixed SSB periodicities
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Fig. 4 Cell DTX
The first one is to enable different periodicities for individual SSB within an SSB burst in a cell. For example (Fig. 3), a cell has four SSB beams; normally all these SSB beams sweep with periodicity of 20ms; in case two of these SSB beams become idle with no or few served UEs, the periodicity of these two SSB beams can be prolonged to e.g. 160ms while the periodicity of the other two SSB beams remains 20ms. This technique can reduce the amount of SSBs and thereby reduce the energy consumption. The following aspects of this technique can be studied in RAN2:
· Currently, only one SSB periodicity is indicated in SIB1 and UEs may use this parameter for the purpose of e.g. rate matching. If mixed SSB periodicities are adopted, whether multiple SSB periodicities need to be indicated in SIB1 for e.g. facilitating more efficient rate matching.
· Potential UE assistance information, e.g. the mobility information and traffic information, to assisting the cell in deciding the periodicity of SSBs. For example, if the mobility information shows that some UE is moving toward as SSB area in which the associated SSB beam is swept in a long periodicity, the BS can resume the normal SSB periodicity in this area for potential UE measurement.
The second one is to enable cell DTX by aligning UEs’ C-DRX patterns. For example (Fig. 4), the UEs are configured with the same C-DRX pattern such that the UEs enter sleep mode with the same periodicity and start transmission and reception at the same time, and then the cell can be switched off during the sleep duration of UEs. The following aspect of this technique can be studied in RAN2:
· Currently, the C-DRX is configured per UE. If the cell wants to dynamically adapt the C-DRX configuration, a large signalling overhead occurs. New mechanisms to support dynamic C-DRX/DTX configuration, e.g. cell-specific adaption of C-DRX configuration, need to be studied.
· The potential impact to UE needs to be analysed, e.g. whether the DL perceived throughput of UEs will be reduced due to the alignment of C-DRX patterns, whether the diverse QoS requirements of UEs can be guaranteed if the UEs are configured with the same C-DRX patterns, etc.
Proposal 3: Whether any enhancements of the mixed SSB periodicities and cell DTX are needed can be discussed in RAN2.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the network energy saving techniques for single carrier and made the following observations and proposals:
Observation 1: The DL common signals occupy a substantial amount of time-domain resource. In idle and low load case, the BS energy consumption comes mainly from the transmission of DL common signals.  
Proposal 1: The NES techniques to reduce the transmission of DL common signals shall be studied.
Proposal 2: The cell waken-up mechanism shall be considered in RAN2 study, with focus on e.g. the information to carry in the UL WUS signal, the indication of candidate time/frequency location for sending UL WUS signals, potential enhancement to support efficient cell waken-up and low access latency.
Proposal 3: Whether any enhancements of the mixed SSB periodicities and cell DTX are needed can be discussed in RAN2.
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