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Introduction
The Rel-18 SI “Study on network energy savings for NR” [1] was approved in RAN#94 meeting, with the following objective for network energy saving (NES) techniques:
	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


Some candidate techniques for time/frequency/spatial/power-domain energy saving were identified and initially discussed in RAN1#109 meeting, and the agreement was captured in [2]. 
In this paper, we discuss the time-domain NES techniques from the perspective of RAN3.
Discussions
The time-domain NES techniques aim at reducing the time of base station transmission/reception so that the base station has more time to sleep. As discussed in [3], the DL common signals (e.g. SSB, SIB1) occupy a substantial amount of time-domain resource (symbols) and the base station has to be switched on during these time-domain resource even there is no user data. Therefore, an important direction for NES is to reduce the transmission of DL common signals in the low and medium load case. And this has been agreed by last RAN1#109 meeting as follows. 
	Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE; 
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/ reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.

<<Skip the irrelevant>>



Next, we discuss some candidate techniques to reduce the common signal transmission of SSB and SIB1, and the potential CSI-RS. 
Dynamic adaption of SSB periodicity
The gNB can adapt its SSB periodicity according to system load for the purpose of NES. As illustrated in Fig. 1, when the system load is low, the gNB can decide to increase the SSB periodicity to save energy; with the increase of system load, the gNB can switch back to the normal SSB periodicity operation. 
Currently, when the SSB periodicity is updated, the gNB will signal the Measurement Timing Configuration (including the SSB periodicity) to its neighboring nodes used for UE measurement configuration. However, it can be observed that more dynamic adaption in time scale of subframe/slot/symbol level will be further studied in RAN1.
From RAN3’s perspective, it can be further studied whether and how to indicate the dynamic SSB periodicity to its neighbor nodes. For example, a fixed long SSB burst periodicity for coarse neighbor cell measurement and a dynamic SSB burst periodicity for finer measurement are signaled respectively. 
[image: ]
Fig. 1 Adaption of the SSB periodicity
In addition, the CSI-RS based neighbor cell measurement is already supported by the Xn interface. RAN1 has agreed to further more dynamic periodic CSI-RS transmission as indicated in [b] above. RAN3 can further study the adapting transmission of periodic CSI-RS, and its impacts of the network interface, on top of the current CSI- RS MTC Configuration List over the Xn interface. 

Proposal 1: RAN3 to study the technique of dynamic adaption of SSB periodicity, and the adaption of periodic CSI-RS, and its impact on network interfaces.
Mixed SSB periodicities
The main idea is to enlarge the periodicity of some SSB(s) in an SSB burst when this SSB area(s) becomes idle or almost idle, while keeping the the periodicity of other SSB(s) as 20ms. Such operation can reduce the amount of SSB transmission and thereby the base station can be switched off during the time (symbols) of the omitted SSBs. 
An example is shown in Fig. 2, where a cell has four SSB beams; normally all these SSB beams sweep with periodicity of 20ms; in case that the SSB beams 2 and 3 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 retains to be 20ms. 
[bookmark: _GoBack]This exact SSB beam specific periodicity can be decided by the gNB, taken the UE measurement, or UE assistance information, or even neighbor cell information into account. Some potential enhancement may be needed to support efficient operation of this technique. From RAN3’s perspective, at least the following aspects can be considered:
· Whether and how to indicate the mixed SSB periodicities over Xn, for facilitating the SMTC measurements at the peer node. 
· Whether the peer node can request the adaption of SSB periodicity for e.g. measurement. 
· Potential assistance information for deciding the mixed SSB periodicities at the base station, including the information collected locally (indicated over F1) and those from neighboring nodes (indicated over Xn), and even from the UE. 
· Potential impact over F1. 
Proposal 2: RAN3 to study the technique of mixed SSB periodicities, with focus on the necessary configuration and assistance information transferred over Xn and F1.
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Fig. 2 Mixed SSB periodicities
Cell activation with UL WUS
This technique is to enable the UE to send a UL WUS signal to waken up one or more sleeping cells, as shown in Fig. 3. Specifically, in the idle and almost idle case, a cell only transmits a light/simplified version of SSB with a long periodicity (e.g. 160 ms) 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. The UL WUS signal can be cell specific or cell-group specific.
The exact design of the WUS signal and related UE procedures would be within the scope of RAN1 and RAN2. In RAN3, the following issues can be studied. 
· Depending on the RAN1 design, study if inter-node coordination mechanism is needed for deciding which cell to switch on, in case of cell-group specific UL WUS.
· Potential paging impacts to trigger the UL WUS transmission.
· Potential impact over F1 interface. 
Proposal 3: RAN3 to study the technique of cell activation with UL WUS, with focus on the potential enhancement for the cell-group specific UL WUS case.
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Fig. 3 UL WUS based cell activation
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the time-domain NES techniques and made the following proposals:
Proposal 1: RAN3 to study the technique of dynamic adaption of SSB periodicity, and the adaption of periodic CSI-RS, and its impact on network interfaces.
Proposal 2: RAN3 to study the technique of mixed SSB periodicities, with focus on the necessary configuration and assistance information transferred over Xn and F1.
Proposal 3: RAN3 to study the technique of cell activation with UL WUS, with focus on the potential enhancement for the cell-group specific UL WUS case.
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