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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 multi-carrier, from the perspective of RAN2.
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Motivation
As analysed in our accompanying paper [3], the DL common signals (incl. SSB, SIB1, OSI, paging) occupy a substantial amount of time domain resource (the symbol occupancy ratios for SSB, SIB1, and OSI & paging are 6.5%, 22.7% and ~6% respectively [3]). The cell cannot be switched off over these time domain resources (symbols), even when there is no user data transmitted. Therefore, the always-on DL common signals are a major obstacle for NES. For the multi-carrier scenario, if there is no cooperation among the carriers, each of them will have to broadcast its common signalling independently, leading to considerable energy consumption for each carrier.
Observation 1: In multi-carrier scenario, each carrier has independent DL common signaling (e.g. SSB, SIB1), which waste a substantial amount of time-domain resource (symbols) and energy.
In case that the load is idle or almost idle in one carrier, the most efficient way for NES is to shut down the carrier. However, in most cases (i.e. the low/medium/high load cases), the carrier cannot be shut down and a potential way for NES is to enable inter-carrier cooperation to reduce or even remove the DL common signalling on some carriers. Such mechanism requires synchronization among the carriers, assistance of broadcasting system information among carriers, etc.
Proposal 1: For multi-carrier scenario, RAN2 focuses on the techniques that reduces DL common signaling on multiple carriers by having assistant information from another carrier.
Candidate techniques
(1) SSB-less carrier with inter-band timing assistance
The main idea of this technique is to remove the SSBs on energy saving carriers if the timing (including synchronization and SFN) of these carriers can be derived from another carrier (e.g. anchor carrier). Note that such technique is already supported for the case that the SSB-less carrier and the anchor carrier are within the same frequency band. In Rel-18 this technique can be easily extended to the case that the SSB-less carrier and the anchor carrier are within different frequency bands, which is beneficial for gNB energy saving due to more opportunities for symbol shutdown on the RF module associated with the SSB-less frequency band. Initial evaluation shows that up to 30% energy saving gain can be achieved if SSB and the associated SIB1 are omitted on one carrier [4].
One possible deployment is based on the current CA framework, i.e. applying the SSB-less operation on SCell-specific carriers. For example, as shown in Fig. 1, carrier 1 is the anchor carrier and carriers 2/3 (which are SCell-specific carriers) are the SSB-less carriers, and UEs can derive the timing of carriers 2/3 from that of carrier 1. In this deployment, SIB1/OSI and paging can also be removed from SCell-specific carriers since UEs do not need to receive these in SCell. This requires minimum spec impact from RAN2, which only requires a new UE capability indicating the support of inter-Band SCell without SSB, as it is similar to the existing SSB-less SCell in intra-band CA. In addition, this is also easy to be extended to the non-CA case considering the case that not all UEs supporting CA, e.g., carrier 2 and carrier 3 serve the UEs as standalone carriers, and not configured as SCell.
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Fig. 1 SSB-less carrier with inter-band timing assistance
This technique requires synchronization between the anchor frequency band and the SSB-less frequency band. Generally, this can be guaranteed in case that frequency bands are close to each other, e.g. 800MHz frequency band and 900MHz frequency band.
Proposal 2: RAN2 to study the candidate technique of SSB-less carrier with inter-band timing synchronization, and identifies the potential RAN2 impact.
(2) Inter-carrier assistance for broadcast of system information
[bookmark: _Hlk109376400]The main idea of this technique is to enable one carrier to broadcast the system information of other carriers, so that these other carriers do not need to broadcast the system information and the energy consumption is reduced on these carriers. For example, as shown in Fig. 2, carrier 1 (the anchor carrier) helps carriers 2/3 (the ES carriers) to broadcast the system information, and on carriers 2/3 no system information is broadcast. For ES carriers, the energy consumption is reduced due to more opportunities for symbol shutdown. On the other hand, for the anchor carrier, the energy consumption is increased due to the broadcast of extra system information. However, the extra energy consumption on anchor carrier is very small compared with the reduced energy consumption on ES carriers. This is because, on the anchor carrier, the extra system information can be transmitted on the same time resource (symbols) as those for transmitting the system information of the anchor cell (i.e., the two kinds of system information can be transmitted on different RBs within the same time interval), so that no extra symbols need to be switched on for transmission of the extra system information (note that time-domain (symbol) shutdown saves much more energy compared with frequency-domain (RB) shutdown). When there are multiple carriers deployed in the same area, the anchor carrier can always be the same and all other carriers can benefit from omitting system information transmission, and in total the whole network can get energy saving gains. The initial evaluation shows that up to 20% energy saving gain (= gain on ES carrier – loss on anchor carrier) can be achieved for SIB1-less case [4].
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 Fig. 2 Inter-carrier assistance for broadcast of system information
In this technique, the UE can camp on the anchor carrier to receive paging and at the mean time it can acquire the system information of ES carrier. When the UE needs to access to the network, it can perform RACH on either anchor carrier or ES carrier, based on e.g. carrier signal quality. It is noted that this technique impacts mainly the idle state procedures.  
This technique can be deployed on both the legacy NR frequency bands (e.g. C-band) and the new frequency bands (e.g. U6G). The legacy UE can access the anchor carrier and, if needed, add the ES carrier as SCell; and the new UE can access to both the anchor carrier and the ES carrier. The anchor carrier and the ES carriers can be deployed on the same or different base stations.
This technique may impact the procedures of cell (re)selection, access, etc. RAN2 can study the corresponding enhancement to support this technique.
Proposal 3: RAN2 to study the candidate technique of inter-carrier assistance for broadcast of system information, and identify the potential enhancement to support this technique. 
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the NES techniques for multi-carrier case and made the following observations and proposals:
Observation 1: In multi-carrier scenario, each carrier has independent DL common signaling (e.g. SSB, SIB1), which waste a substantial amount of time-domain resource (symbols) and energy.
Proposal 1: For multi-carrier scenario, RAN2 focuses on the techniques that reduces DL common signaling on multiple carriers by having assistant information from another carrier.
Proposal 2: RAN2 to study the candidate technique of SSB-less carrier with inter-band timing synchronization, and identifies the potential RAN2 impact.
Proposal 3: RAN2 to study the candidate technique of inter-carrier assistance for broadcast of system information, and identify the potential enhancement to support this technique. 
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