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1. Introduction
In Release-18 a new study item was defined to investigate energy saving on the network side [1]. During RAN2#119-e several solutions and accompanying methods were presented and discussed. They were also categorized as follows:Solution groups:
1. Adaption of MIB/SSB/SIB 
			- partial/simplified SSB
2. Increase of SSB/SIB periodicity 
3. On demand SSB/SIB1 (FFS if there are enhancements for other SIBs)
			- FFS for on-demand MIB
4. Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell 
5. Handover/Fast PCell change for NES
			- CHO or new configuration
			- group HO
6. Resource adaptation (frequency and time domain)
			- Including PRACH, SRS, PUSCH, PUCCH resources and periodicities 
			- cell DTX/DRX  
			- measurement 
			- reference signal type and configuration of reference signal pattern for connected mode
			- BWP adaptation
7. Any Cell activation/re-activation or UE wake up request signal (connected/idle)
8. Paging enhancements (includes paging-less solutions)
9. Cell selection/reselection (ie. cell prioritization also including legacy UEs)

Things to study 
1. Study group configuration and signalling for transitions for different solutions
			- pre-configuration and L1/L2 signaling to trigger change of configuration
2. Identify/capture RAN2 impact to legacy for the different solutions 
3. Awareness of the NES states at the UE side for the different solutions
4. Aim to minimize DL signalling for NES
5. Consider UE complexity and energy consumption
6. UE assistance information for the specific network energy technique, it’s benefits and impact to UE/NW 


Furthermore, a post meeting e-mail discussion [2] was conducted to clarify the understanding and company views on these different solutions, as well as providing a first direction on priorities.  The following proposal was put forward as an outcome of the discussion:



Proposal: RAN2 will continue studying the following aspects:
1)       Common signals related:
1-1)  SSB/SIB/Paging-less (multi-carrier case is studied first)
1-2)  On-demand SSB/SIB1 (e.g., triggered by WUS)
1-3)  Extended SSB/SIB1 periodicity
2)       Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3)      Cell selection/reselection.

In the aforementioned discussion there were three widespread main concerns that affect several solutions:
· Legacy UE support
· Initial access performance
· Coverage holes / mobility gaps. 
This contribution provides a technical view on the solutions being discussed in RAN2 and the issues above. 
2. Legacy UE support and backward compatibility
The SI description in “Study on network energy savings for NR” [1] contains the following note:Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.

Some clarifications are needed in light of the concerns regarding the backward compatibility of Network Energy Saving (NES) techniques and this observation from the SI description. 5G NR introduces several new services, some of them which need to be supported over decades like IoT and vehicular communication. Therefore, one can expect that NR networks will need to support legacy UEs for the foreseeable future. 

[bookmark: _Toc115430447]Legacy UEs (Rel-15, Rel-16, Rel-17) shall be supported by 5G NR networks in the foreseeable future. 
[bookmark: _GoBack]At the same time, the NES gains will likely be severely limited if no new mechanism is introduced. In order to maximize the important energy savings while accommodating legacy UE access and support, the networks shall be deployed in a way which guarantees the coverage and mobility of legacy UEs while allowing energy savings in all other layers. This concept is illustrated in Figure 1 which shows that the network can adapt for NES by reducing consumption SCells (multi-carrier deployment) and/or small cells (heterogeneous deployment). The important aspect for UE legacy support is that a mobility and coverage layer/carrier should be available at all times (shown in green in Figure 1). The capacity of this layer should be enough for low traffic and at any time the network can adapt back to provide higher capacity.
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[bookmark: _Ref115373707]Figure 1 – On the left, a multi-carrier deployment with frequencies F1, F2 and F3 is adapted to only keep F1 fully active at low loads. On the right, only macrocells are kept fully active at low load periods. In order to support legacy UEs a coverage and mobility layer can be defined with backward compatible carriers. Network energy savings can be applied aggressively to Scells or small cells. 

The definition of a mobility and coverage layer (F1/macrocells) serves two purposes: 1) guaranteeing legacy UE support and access and 2) relieving other layers (carriers) from such a task. In this way new mechanisms for network energy saving can be applied e.g. to SCells in multicarrier scenario or small cells in heterogeneous networks. Carriers on NES mode do not need to be discoverable by legacy UEs. 
[bookmark: _Toc115430455]Legacy UEs should be mainly supported by providing at all times a coverage and mobility layer with backward compatible carriers.
[bookmark: _Toc115430448]Carriers on NES mode do not need to be discoverable by legacy UEs.
Furthermore, the network may adapt to the traffic by operating some cells on a Network Energy Saving mode during night (or other periods of low traffic) and providing full capacity and backward compatibility during the day (or other periods of high traffic). Referring to the example of Figure 1 this would mean F2, F3 and small cells would be at NES mode during night and operating normally (in a backward compatible way) during the day. In this way, also legacy UEs can benefit from peak capacity during the times when such large capacity is needed.
[bookmark: _Toc115430449]The network can adapt SCells and small cells to operate as a backward compatible carrier during daytime (or high traffic) and energy saving carrier during night (or low traffic).
Such a deployment framework should provide the foundation to fulfill both objectives: energy savings and support for legacy UEs. RAN2 should investigate mechanisms (cell selection / reselection) to direct the traffic to the desired layer when the network adapts the energy saving mode. 
[bookmark: _Toc115430456]RAN2 should investigate mechanisms (cell selection / reselection) to direct the traffic to the desired layer when the network adapts the energy saving mode.

3. Always-on common signals 
A fundamental lesson of many years of trying to reduce energy consumption at the UE side is that the minimum periodicity at which the UE has to wake up plays a major role in UE power consumption. A similar observation on network side comes from the experience with LTE where frequent PSS/SSSs and even more frequent CRSs turned out to be showstoppers for eNB energy savings. Such learnings have been applied to 5G NR design, which does not include CRS and the PSS/SSS period is by default 4x longer than in LTE. 
In essence, common periodic signals (also often referred as always-on signals) force the gNB to periodically wake-up, enter a high energy state before sleeping again, even in the absence of user traffic. Activating or de-activating hardware components takes time and energy is also consumed and wasted during the process. If the always-on signal period is too short, the gNB will not be able to turn off many hardware components. If the period is long enough more components can be turned off leading to reduced energy consumption. In fact, the smallest period of active periodic common signals defines the energy consumption at idle and very low loads.
[bookmark: _Toc115430450]The smallest period of active periodic common signals defines the energy consumption at idle and very low loads
This observation is further illustrated in Figure 2. Here, the energy consumption with SSB only transmission is calculated based on the values defined by RAN1 for evaluation in the SI [3] as working assumption for Cat 1 under the ‘Set 1 FR1’ configuration, and applying a further scaling to bandwidth because SSBs do not occupy the whole band. When changing the SSB period from 20ms to 160ms, not only the transmissions are sparser but also the gNB is able to reach a deeper sleep state. Both effects lead to a combined gain of 50% energy saving with this change.  
[image: ]
[bookmark: _Ref115338318]Figure 2 – Energy consumption with SSB only transmission. On the left, power consumption for SSB periodicity of 20ms. On the right, power consumption for SSB periodicity of 160ms. The total energy consumption is 50% smaller for 160ms period compared to the 20ms period.
In light of such large energy saving gains and the explanation above, it should be clear that 3GPP should seek for means to have SSBs transmitted less often than the default 20ms. The 2 main approaches in time domain are extended SSB periodicity (“Solution 2” on previous RAN2 discussions) and SSB/SIB on-demand (“Solution 3&7” in previous RAN2 discussions). The similarities, advantages and disadvantages of both approaches are discussed next. 
The discussion on Extended SSB periodicity can be seen in 2 different levels:
a) No new SSB periodicities are defined, but 3GPP aims at improving support for larger SSB periodicities (40ms, 80ms, 160ms)
b) New SSB periodicities are defined beyond 160ms 
The main advantage of pre-existing periodicities is that legacy UEs can still be supported. For example, a legacy UE can camp on a cell with 160ms SSB period. However, there can be impact on initial access, measurement performance and UE power consumption. Such issues can be addressed in order to provide future better support for larger SSB periodicities. Even larger SSB periodicities could in principle bring larger energy saving gains, but no degree of backward compatibility. This is summarized in Figure 3. 

[image: ]
[bookmark: _Ref115344162]Figure 3 – SSB periodicity classified regarding energy saving gain and backward-compatibility 

SSB/SIB on-demand can be seen as the limit case of increasing the SSB periodicity, where the period has been increased so much that a regular SSB period must be restored before the carrier can be used again. In fact, in SSB/SIB on-demand the same issues shall be analyzed as in larger SSB periodicities: impact on initial access, measurement performance and UE power consumption. In addition to that, there may be some extra challenge to address paging as an SSB is not always present to maintain cell synchronization. 
In order to trigger SSB/SIB on-demand a UE needs to send an uplink wake-up signal (UL-WUS). As described in [2] a new DL synchronization signal may be defined such that the UE knows where to send an UL-WUS. This means that for this solution the always-on signal of smallest periodicity is not the PSS in SSB but such new DL synchronization signal needed before the UL-WUS. Therefore, the maximum energy saving of an SSB/SIB on-demand solution is defined by the periodicity of the corresponding DL synchronization signal.
[bookmark: _Toc115430451]The maximum energy saving of an SSB/SIB on-demand solution is defined by the periodicity of the DL synchronization signal needed before the corresponding uplink wake-up signal (UL-WUS).
The concept of UL-WUS has been mostly discussed in the context of activating SSB/SIB on-demand. Still, the same concept of an UL-WUS can be used for example to change periodicity from a large value (e.g. 160ms) to a regular value (20ms). 
[bookmark: _Toc115430457]An uplink wake-up signal (UL-WUS) can also be used to change SSB periodicity from a large value (e.g. 160ms) to a regular value (20ms).

4. Initial Cell Selection
There has been many concerns regarding initial access performance on the post RAN2#119-e mail discussion [2]. This section discusses why initial access is so tightly interrelated to network energy saving and how potential issues can be handled. 
As described in TS 38.304 [4], it is preferred to select a cell based on stored information. However, if no suitable cell can be found based on the stored information then an Initial Cell Selection (ICS) procedure is needed. An ICS procedure may involve a full scan on all RF channels in the supported NR bands. Therefore, this is a lengthy procedure which should not be triggered more often than needed and whose total time should be kept in check. During ICS the UE needs to scan the frequency positions on the synchronization raster. On each frequency position the UE will first try to detect the PSS. If a PSS is detected, the UE will decode further periodic signals and information to decide if the cell is a suitable cell (SSS, MIB, SIB-1). So here is the first strong link between ICS and network energy saving: the longer the PSS period, the longer the ICS procedure. But as previously observed, a longer PSS period also means larger energy savings. Therefore, there is a fundamental trade-off between the initial access performance and network energy savings since both depend on PSS periodicity. This is valid both for extended SSB periodicity as well as SSB on-demand with regard to the DL synchronization needed preceding the UL-WUS.
[bookmark: _Toc115430452]There is a fundamental trade-off between initial access performance and network energy savings since both depend on synchronization signal periodicity.
But there is more to it. In order to keep the total time for ICS in check, the following assumption is specified on TS 38.213 (section 4.1):
“For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames.”
Therefore any change on PSS periodicity beyond 20ms may affect initial access from legacy UEs. 
[bookmark: _Toc115430453]Any change to PSS periodicity beyond 20ms may affect initial access from legacy UEs.
Therefore, in order to support legacy UEs with full performance a coverage layer with backward compatible carrier is essential, as previously shown in Figure 1. This layer, however, creates a lower bound on total energy consumption and does not support single carrier deployment. 
Considering Observations 6 and 7, new mechanisms with well-designed forward compatibility are needed to enable larger network energy savings and even support single carrier deployments (single layer) without compromising on the initial access performance. Because of that, we put forward the following proposal: 
[bookmark: _Toc115430458]3GPP shall investigate mechanisms which allow long periodicity of synchronization signals while attaining acceptable initial access performance. 
One such a mechanism is proposed in more detail in our accompanying contribution [5]. In essence, it consists in defining System Presence Indicator (SPI) which can speed up initial access performance by a significant factor. As the SPI is not subject to the 20ms limitation, UEs compatible with Rel-18 and beyond can be made to operate with a much larger default SPI periodicity, such as 160ms. In this way, the performance gain in ICS can be transformed into a network energy saving gain. Or conversely, large energy savings are enabled without the need to sacrifice initial access performance. The 8x penalty of changing from a 20ms period to a 160ms is compensated by an 8x speed-up on ICS. 
A final observation on the proposed SPI is that it may also be used as the downlink synchronization signal for UL-WUS.
[bookmark: _Toc115430459]Define a System Presence Indicator (SPI) to serve both as a speed up of Initial Cell Search as well as the downlink synchronization signal for uplink wake-up signal (UL-WUS)

5. SSB periodicity and pre-paging synchronization
In Rel-17, in order to introduce the Paging Early Indication (PEI) feature the pre-paging timeline and UE power consumption were widely discussed. Some detailed analysis can be found in [6] and [7]. Such analysis is based on 20 ms SSB periods and concludes that depending on SINR and assumptions a UE needs 1-3 SSBs before it can decode legacy paging or DCI-based PEI (which was standardized in Rel-17). This timeline is illustrated in Figure 4, which also includes expected energy saving states at gNB based on Cat 1 transition times from the working assumption in [3].
Before PEI occasion and paging, a UE configured for power saving should be typically in a deep sleep state. However, during this 1-3 SSB synchronization the UE will switch between an active state and light sleep. The longer this pre-paging synchronization, the more UE battery is consumed because the consumption in light sleep is significantly higher than in deep sleep. According to the model in TR 38.840 the UE may not be able to keep synchronization on deep sleep. Therefore, in this case the UE needs to maintain light sleep during this 1-3 SSB pre-paging synchronization even if there is an extended period between SSBs. As a consequence, if the SSB period is increased for the sake of network energy saving the UE power consumption will increase as the UE will spend less time in deep sleep. This situation is illustrated in Figure 5.
[bookmark: _Toc115430454]If the SSB period is increased for the sake of network energy saving, the UE power consumption may increase as the UE will spend less time in deep sleep.
[image: ]
[bookmark: _Ref110425473]Figure 4 – The UE needs to wake-up way before the paging occasion to synchronize to the network. In bad SINR conditions this may take 3 SSB burst sets to synchronize. The default SSB period of 20ms gives little chance for the gNB to apply better energy saving states. 

[image: ]
[bookmark: _Ref110425560]Figure 5 – When the SSB period is increased to give the gNB the chance to reach better energy saving states, the power consumption of the UE is increased because the UE spends a larger amount of time of the DRX cycle in light sleep instead of deep sleep. 
Naturally, it would be of little use to just move energy consumption from the network to UEs or the other way around. The design needs to be changed so that both sides can benefit from energy saving. A possible solution to the above problem is to enhance the pre PO/PEI synchronization so that the UE can receive multiple SSBs before PEI, even if the SSB periodicity is increased to save energy in the network. This proposal is illustrated in Figure 6 and capture in Proposal 1. Using this mechanism both the network and UE energy consumption can be improved compared to a Rel-17 scenario. 
[bookmark: _Toc115430460]RAN2 should investigate the usage of denser SSB / synchronization prior to PO/PEI to maximize energy saving on both network and UE sides.



[image: ]
[bookmark: _Ref110425624]Figure 6 – Proposed scheme which benefits largely both the network and UEs. The sparser SSB period is compensated by concentrated repeated SSBs just prior to PO/PEI. Both sides may thus save a considerable amount of energy. 
6. Conclusion
We have made the following observations and proposals in this contribution:
Observation 1:	Legacy UEs (Rel-15, Rel-16, Rel-17) shall be supported by 5G NR networks in the foreseeable future.
Observation 2:	Carriers on NES mode do not need to be discoverable by legacy UEs.
Observation 3:	The network can adapt SCells and small cells to operate as a backward compatible carrier during daytime (or high traffic) and energy saving carrier during night (or low traffic).
Observation 4:	The smallest period of active periodic common signals defines the energy consumption at idle and very low loads
Observation 5:	The maximum energy saving of an SSB/SIB on-demand solution is defined by the periodicity of the DL synchronization signal needed before the corresponding uplink wake-up signal (UL-WUS).
Observation 6:	There is a fundamental trade-off between initial access performance and network energy savings since both depend on synchronization signal periodicity.
Observation 7:	Any change to PSS periodicity beyond 20ms may affect initial access from legacy UEs.
Observation 8:	If the SSB period is increased for the sake of network energy saving, the UE power consumption may increase as the UE will spend less time in deep sleep.

Proposal 1:	Legacy UEs should be mainly supported by providing at all times a coverage and mobility layer with backward compatible carriers.
Proposal 2:	RAN2 should investigate mechanisms (cell selection / reselection) to direct the traffic to the desired layer when the network adapts the energy saving mode.
Proposal 3:	An uplink wake-up signal (UL-WUS) can also be used to change SSB periodicity from a large value (e.g. 160ms) to a regular value (20ms).
Proposal 4:	3GPP shall investigate mechanisms which allow long periodicity of synchronization signals while attaining acceptable initial access performance.
Proposal 5:	Define a System Presence Indicator (SPI) to serve both as a speed up of Initial Cell Search as well as the downlink synchronization signal for uplink wake-up signal (UL-WUS)
Proposal 6:	RAN2 should investigate the usage of denser SSB / synchronization prior to PO/PEI to maximize energy saving on both network and UE sides.
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