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Introduction
In the Release 18 study item on network energy saving [1], the existing agreement in [2] categorizes the network energy saving (NES) techniques as the ones targeting optimization over time, frequency, spatial, and transmit power resources. Regarding the proposals and discussions during RAN1#110-bis-e that were summarized in [4], the agreement noted in the Chair notes [3] is as follows:
Agreement
The following are description of a potential energy saving techniques being discussed in RAN1. The benefits and performance impact of the candidate techniques are subject to further RAN1 evaluations, while RAN1 is discussing the following techniques may have potential impact to other WGs (FFS: RAN4 impact). The impact is not an exhaustive list nor represent definitive list of impacts to WGs and is subject to further changes as RAN1 progress work for the SI.
The description of the technique does not imply the technique will be automatically captured to the TR, but assumed to be the basis for the description in the TR if agreed. Note that this is only to be used as a starting point to finalized the TR in November.
· Note: further merging of techniques (e.g. #A-6 and #A-1) is not precluded.
· Time domain technique description available in: 
· Proposal #2-1H of R1-2210620 Section 3
· Proposal #2-2J of R1-2210620 Section 3
· Proposal #2-3H of R1-2210620 Section 3
· Proposal #2-4H of R1-2210620 Section 3
· Proposal #2-6J of R1-2210620 Section 3
· Frequency domain technique description available in: 
· Proposal #3-1I of R1-2210620 Section 3
· Proposal #3-2F of R1-2210620 Section 3
· Proposal #3-3F of R1-2210620 Section 3
· Spatial domain technique description available in: 
· Proposal #4-1J of R1-2210620 Section 3
· Proposal #4-2G of R1-2210620 Section 3
· Power domain technique description available in: 
· Proposal #5-1I of R1-2210620 Section 3
· Proposal #5-2H of R1-2210620 Section 3
· Proposal #5-3H of R1-2210620 Section 3
· Proposal #5-4H of R1-2210620 Section 3
· Proposal #5-5D of R1-2210620 Section 3

R1-2210744	Discussion Summary #5 for energy saving techniques of NW energy saving SI	Moderator (Intel Corporation)

Focusing on some of the techniques enumerated above, this contribution reviews the corresponding descriptions and additional information summarized in [4]. And, we provide further observations and proposals potentially to be captured in the TR for network energy saving (NES) techniques [5]. The following sections are organized according to the foregoing categorization of the techniques in different domains. The numbering in the summary in [4] are used to identify the techniques of interest.
Time Domain Techniques
Recalling the note from Chair notes [3] that “further merging of techniques (e.g. #A-6 and #A-1) is not precluded”, we start by reviewing the Techniques #A-1 and #A-6.
Technique #A-1: Adaptation of common signals and channels and Technique #A-6: Adaptation of SSB/SIB1
In Section 3 of [4], the Technique #A-1 is described as
Proposal #2-1H
· Technique #A-1 Adaptation of common signals and channels
· Adapting the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities. 
· Background:
· In Rel-15 NR, time-domain positions of transmitted SSBs within a half frame are semi-statically configured. Further, UE assumes a single periodicity for the transmitted SSBs. Transmission of common signal and channels or reception of random-access signals may make it difficult for gNBs (with very low or no traffic) to better utilize the increased inactivity periods for entering deeper sleep modes to save energy.
· Currently, SI update mechanism can adapt the parameters in the cell, such as those associated with downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the periodicity/availability of uplink random access resources. 
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:
· FFS

Similarly, the Technique #A-6 is described as
Proposal #2-6J
· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.
· Background:
· Current specification supports SSB/SIB1-less operation for intra-band CA, where UE retrieves system information and synchronization from another intra-band cell with SSB and SIB1.
· Potential impact to other WGS
· RAN2:
· The event trigger and higher-layer UE procedure of on-demand SSBs/SIB1
· Handling of transmissions of SIB1 if SIB1 transmission cycle is changed.
· System information enhancement to provide other carriers’ information and carrier selection principles for UE.
· For on-demand SSB/SIB, the introduction of uplink trigger signal may impact the procedure in which UE access the cell with on-demand SSB/SIB.
· For SIB-less carrier/cell, SIB1 enhanced to carry necessary SIB information for other cell, UE cell (re)selection procedures, and SSB/SI acquisition from an anchor cell.
· RAN3:
· RAN4:
· FFS
· 

It can be noted that the above techniques share a common motivation, namely, due to the “always-on” common signals that force the gNB to wake-up and enter a high energy state more often than needed, i.e. even in the absence of user traffic. Specifically, when the common signal period is too short, gNBs would be prevented from deactivating and activating many hardware components, i.e. to effectively enter and leave energy saving states. 
In order to maximize the inactive period of a gNB, other signals may be multiplexed close to the SSBs. Therefore, hereafter we focus on the SSB periodicity (periodicity for SSB bursts). Note that the possible SSB periodicities defined in the standard [8] presently are {5 ms, 10 ms, 20 ms, 40 ms, 80 ms and 160 ms}. For gNBs with no UEs to serve, the possibility to go into deeper sleep modes increases with larger SSB periods. For the illustration in Figure 1, the energy consumption with SSB-only (4 SSBs per burst) transmission is calculated based on the values defined for evaluation, for Cat 1 under the ‘Set 1 FR1’ configuration in [5], and applying a further scaling to bandwidth because SSBs do not occupy the whole band. By changing the SSB period from 20 ms to 160 ms, not only the transmissions are sparser but also the gNB is able to reach a deeper sleep state, resulting in a combined gain of 46.8% in energy saving: specifically, from 3800 units to 2021 units of relative energy over 100 seconds.  
[bookmark: _GoBack][image: ]
[bookmark: _Ref115437231]Figure 1: On the left, power consumption for SSB periodicity of 20 ms. On the right, power consumption for SSB periodicity of 160 ms. The total energy consumption is 46.8% lesser for 160 ms period compared to the 20 ms period.
Observation 1: At zero load and SSB-only transmission (4 SSBs per burst), by changing the SSB period from 20 ms to 160 ms, the gNB is able to reach a deeper sleep state, resulting in a combined gain of 46.8% in energy saving: specifically, from 3800 units to 2021 units of relative energy over 100 seconds, for Cat 1 under the ‘Set 1 FR1’ configuration in TR 38.864
Based on several such observations and proposals, the Technique #A-1 as summarized in [4] targets the transmission of always-on downlink common signals and channels (e.g., SSB/SI/paging/cell common PDCCH) to be as less often as possible, mainly so that gNBs with very low or no data traffic would get more opportunities to enter energy-saving states or sleep modes. Reviewing the summary in [4], there are two basic approaches for this: (1) enabling large periodicities for the common signals and (2) on-demand transmission of the common signals triggered by the UEs, e.g., via UL wake-up signals (WUS). While giving NES benefits, such approaches also raise several concerns, including initial access performance in general and on legacy UE support, as also reported in our contribution from RAN2#119-bis-e R2-2210235 [6]. 
Limitations due to Initial Access Constraints 
It is preferred to select a cell based on stored information according to TS 38.304 [7]. As also noted in [6], however, if no suitable cell can be found based on the stored information then an Initial Cell Selection (ICS) procedure is needed, where the UE needs to scan the frequency positions on the synchronization raster. Specifically, on each frequency position, the UE will first try to detect the PSS, and if detected, it will decode further periodic signals and information (SSS, MIB, SIB-1). This implies a tradeoff between ICS and network energy saving, specifically through PSS periodicity: larger PSS periods result in the longer the ICS procedure, meanwhile improving energy savings. 
Note that such a tradeoff between ICS performance and NES applies not only to the extended periodicity approach but also to the on-demand SSB approach, since a UE trigger in the form of an UL-WUS or RACH-based UE trigger would need prior DL synchronization in lieu of SSB [13], [14]. For example, introducing a signal in lieu of SSB was proposed in [13], in the form of a light/relaxed version of SSB or the discovery reference signal (DRS), specifically intended for synchronization prior to the uplink cell wake up signal (WUS). A “light SSB” (one in which SSB carries no or minimal info, such as PSS for example) was also proposed in [14], for an “adaptive and on-demand SSB”, where the gNB transmits this “light SSB” and if there are UEs monitoring this “light SSB” and trying to access the network, UEs react by transmitting an uplink trigger signal. Upon reception of this uplink trigger signal, gNB starts transmitting the full-blown SSB. Such light pre-SSB signals transmitted gNBs, especially in combination with on-demand SSB (via WUS-based or RACH-based UE trigger), can provide noticeable energy saving. However, again, the NES gain can come by sacrificing the ICS performance.

Observation 2: The trade-off between network energy saving (NES) gains and initial access performance applies not only to the extended periodicity approach of NES but also to the on-demand SSB transmission approach due to the need for prior DL synchronization.
 While the above limitation on ICS is general, there are additional limitations specifically from perspective of legacy UEs: note from the specification in Section 4 of TS 38.213 [10] that 
“for initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames”. 
This implies that the transmission of SSBs are typically set to every 20 ms, which is the periodicity that a UE assumes when it first tries to perform initial access, as also noted by [11], [12]. With this assumption of 20 ms SSB burst periodicity, a legacy UE performing initial access would search for SSBs on a given frequency position in the synchronization raster for a certain time window and switch to another frequency position if not successful. Having a larger SSB periodicity than 20 ms (up to 160 ms) is only practical for cells that are not expected to be a coverage layer for new UEs entering the network. Otherwise, cells transmitting larger SSB periods than 20 ms may be missed by a legacy UE performing initial cell search.  As a consequence, even though the specification in [8] does allow SSB periodicity to be configured up to 160 ms, many cells would be constrained to setting the SSB periodicity to 20 ms. 
Observation 3: Since legacy UEs performing initial access would expect SSB burst transmissions with 20 ms periodicity, either many cells would be constrained to setting the SSB periodicity to 20 ms or cells transmitting larger SSB periods than 20 ms may be missed by legacy UE performing initial cell search.
Proposal 1: The impact of larger SSB periodicities on the initial access of UEs must be studied in detail both from the perspective of legacy UEs and NES-aware UEs (Rel-18 and beyond).
In line with the foregoing observations and proposals, some information recorded in Section 4 of [4] are noted below for reference:
· In ‘additional considerations/aspects including impact on legacy UEs’ of Technique #A-1:
· The legacy UEs may not operate in the cell with this technique. Legacy UEs may not recognize the adaptation of common signal and channel; e.g., initial access of legacy UEs expecting 20 ms SSB periodicity might fail with an increased SSB periodicity.
· The reduction common channel/signals, providing longer inactivity at the gNB, might have impact to the UE normal access to the network, such as initial access, measurements, RRM, mobility, and legacy UE network access.

· In ‘additional considerations/aspects including impact on legacy UEs’ for Technique #A-6
· Impact on legacy UEs: legacy UEs might not recognize such a technique.
· Legacy UE unable to camp or perform initial access on cell with long periods of inactivity


In addition to evaluating the impact on initial access, techniques to overcome this limitation also should be evaluated. Otherwise, the practical applicability of NES techniques will be hindered. Basically, new techniques are needed in order to maximize energy saving gains, thanks to increased gNB inactivity, while attaining acceptable initial cell-search performance.
Proposal 2: Investigate techniques which increase gNB inactivity as much as possible while attaining acceptable initial cell-search performance.
Since the ‘Technique #A-6 Adaptation of SSB/SIB1’ is a specific case of ‘Technique #A-1 Adaptation of common signals and channels’, we propose to make either of the following changes: 
· Merge Technique #A-6 under Technique #A-1. 
· Or modify the title of  Technique #A-6 to On-demand SSB/SIB1 transmission

Proposal 3: Since the ‘Technique #A-6 Adaptation of SSB/SIB1’ is a specific case of ‘Technique #A-1 Adaptation of common signals and channels’, we propose to make either of the following changes: 
· Merge Technique #A-6 under Technique #A-1. 
· Or modify the title of  Technique #A-6 to On-demand SSB/SIB1 transmission
Furthermore, with regards to the FFS note under RAN4 impact, we propose to replace it with the following bullets noting the foregoing impact on initial access:
· The UE network access performance requirements may get impacted by adaptation of common control and broadcast channels.
· The UE measurement performance based on SSB may be affected.
Proposal 4: Include under RAN4 impact the following:
· The UE network access performance requirements may get impacted by adaptation of common control and broadcast channels.
· The UE measurement performance based on SSB may be affected.
The reason a UE may fail to detect cells with large SSB periods during initial cell selection is the mismatch between the assumption that PSS is present every 2 frames and the actual SSB transmission period. Therefore, the simplest way to make sure that initial cell selection can work with larger periods would be to change the default assumed period, for example to the maximum period of 160 ms. Note, however, that such assumption would then be applied for every scanned Global Synchronization Channel Number (GSCN) in spite of whether a PSS is actually transmitted or not. Compared to a legacy UE which assumes 20 ms SSB periodicity, a UE assuming 160 ms period would have to spend 8x more time on each frequency in order to acquire enough samples to evaluate whether a PSS is present or not. As each band has typically thousands of GSCNs and year after year the UEs have to implement more and more bands the total time taken for a full RF scan during initial cell selection would become prohibitive.
Observation 4: Compared to a legacy UE which assumes 20 ms SSB periodicity, a UE assuming 160 ms period would have to spend 8x more time on each frequency in order to acquire enough samples to evaluate whether a PSS is present or not.
Improved Cell Search with a System Presence Indication
One way to solve the above discussed issue is to introduce a new signal with the purpose of indicating the presence of the cellular network to the UEs, i.e., a system presence indicator (SPI). The concept is to have the SPI signal represent a group of frequency positions in the synchronization raster so that the UEs detecting it knows the presence of a network and can limit further search for a regular SSB (needed for completing initial cell selection) within the group of frequency positions. In the time domain the SPI does not need to abide the existing 20 ms limitation and therefore it can be transmitted much more sparsely. Since new UEs will first search for SPI instead of SSB, the regular SSBs that would follow the SPI can also be transmitted with larger periodicities or on-demand via a UE trigger, potentially providing NES gains. 
An example depicted in Figure 2 demonstrates the potential SSB frequency raster positions being grouped in blocks of 10. If an SPI is transmitted representing the block 772, it can mean that a regular SSB would be transmitted  at least within one of the Global Synchronization Channel Numbers (GSCN) 7720-7729. Specifically, as an SPI is broadcast by a gNB, a UE searching for SPIs and detecting one should proceed by searching for SSBs only in the channels within the block represented by the SPI. 
[image: ]
[bookmark: _Ref115326155]Figure 2: Example of grouping the channels on the synchronization raster in blocks of up to 10 frequencies (GSCN). The SPI corresponds to all GSCNs of the block.
Altogether, the SPI can be configured such that a UE needs to perform detection in a small subset of representative channels in the synchronization raster followed by detection of regular SSB within a limited block represented by the SPI. Such a mechanism can increase the probability that a cell will be found by the UEs more quickly, because the first step of SPI searching is done block by block following which the UE can limit its search for SSBs within that block to complete the initial access procedure. More importantly, such an improved and faster initial access process can greatly alleviate the above discussed initial access limitation associated with the network energy saving techniques via extension of SSB burst periodicity or on-demand SSB transmission through a UE request/trigger, e.g., an UL-WUS. 
As the SPI is not subject to the 20 ms limitation, UEs compatible with Rel-18 and beyond can operate with a much larger default SPI periodicity, such as 160 ms. 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. Arguably, the 8x penalty of changing from a 20 ms period to a 160 ms could be compensated by an 8x speed-up on ICS. 
Proposal 5: Improve the UE initial access such that the initial access would not be impacted due to the NES techniques adapting SSB periodicity or via on-demand SSB transmission.
Proposal 6: Define a System Presence Indicator (SPI) that indicates to the UEs the presence of gNBs transmitting SSBs within a block of frequencies.  

In line with the foregoing observations and proposals, some information recorded in Section 4 of [4] are noted below for reference:
· In ‘potential specification impact’ of Technique #A-1:
· Enabling UEs to adapt to the varying periodicity or transmission pattern of the common signals or channels; e.g., specification enabling UEs to enhance initial access performance to counter the impact due to increased SSBs/SIB1 periodicity.
· 


· In ‘potential specification impact’ of Technique #A-6:
· Specification enabling UEs capable of performing initial access with on-demand SSBs/SIB1 transmission, e.g., defining simplified DL signals preceding a UE trigger to aid initial access and discovery of cells in lieu of regular SSBs
· 


· As an optional method of adaptation of Technique #A-1:
· Option 9) Simplified DL signals in lieu of SSBs or prior to SSBs to improve the initial access performance significantly while letting the periodicity of transmission be large enough for NES, e.g., simplified DL signals that indicate the presence of gNBs transmitting SSBs within a limited block of frequency positions.

· As an optional methods to be used together with Technique #A-6:
· Option 5) Simplified DL signals in lieu of SSBs providing necessary synchronization prior to the UE trigger for on-demand SSBs/SIB1 and potentially enhancing initial access performance altogether significantly, e.g., simplified DL signals that indicate the presence of gNBs transmitting SSBs within a limited block of frequency positions.


Considering again the example with comparing SSB periodicities of 160 ms and 20 ms, let us now focus on a UE that has to do detect the PSS by scanning over  possible frequency positions. Also consider the proposed approach of improved initial access by having an SPI signaled prior to the SSBs, by grouping the  frequency positions in groups containing  positions; namely, the UE searches for detecting an SPI over the  possibilities followed by PSS detection (and rest of the initial access procedure) over the  possible positions. Recalling from Observation 3 that the conventional approach would result in 8x more time taken on average for PSS detection, lets us look at an example to assess how much improvement can the achieved with the proposed approach. Assume that the SPI periodicity is same as the SSB periodicity denoted by . While the conventional approach would lead to a PSS detection time proportional to , it can be verified that the proposed approach with SPI and the two stages would have it proportional to . Then, for ,  = 1000 and , we can get 93.74% reduction in PSS detection time, i.e., from  = 160000  to . Note that this is even far lesser time taken than the conventional approach with  that would have   = 20000. The results are tabulated in Table 1.
[bookmark: _Ref118717903]Table 1: Time spent for PSS detection over = 1000 possible GSCN frequency positions. Improvement with proposed SPI signalling in mitigating the degradation caused by increased SSB periodicity for NES can be noted.
	Default SSB period assumed by UEs, 
	Relative network energy consumption in zero load (see Figure 1)
	Relative time spent for ICS (PSS detection) by a UE on average

	
	
	Conventional ICS
	Proposed SPI with periodicity 
(per group of  GSCN positions)

	Baseline: 20 ms
	100%
	100%
	6.33%

	Increased: 160 ms
	46.8%
	800%
	50.08%



Observation 5: An example demonstrates that improving the UE initial access via the proposed SPI (System Presence Indicator) signaling prior to SSBs can compensate for the degradation caused by increased SSB periodicity for network energy saving: 93.74% reduction in time spent for PSS detection over = 1000 possible GSCN frequency positions with SSB periodicity set to 160 ms.
[bookmark: _Ref114845438]Technique #A-3: Wake up signal (WUS) for gNB
In Section 3 of [4], the Technique #A-3 is described as
Proposal #2-3H
· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.
· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
· FFS


Note that the possibility of an UL-WUS signal discussed in the context of on-demand SSB/SIB1 transmission can be generally interpreted as for the purpose of waking up gNBs from a dormant power state/energy saving state (e.g., SSB-less/SIB1-less/SSB relaxed state) as noted in [4].
It is worth reiterating that the proposed SPI signal in previous section can also serve as the downlink synchronization signal needed for an UL-WUS. For this purpose, the SPI may even be transmitted only on a limited set of representative gNBs and cells (while others can be in sleep states) as the purpose is a first step to indicate the presence of a network rather than complete initial access including full cell identification. Then in a second step, initial access can be completed via SSBs transmitted by more gNBs that the UEs would want to access, on-demand via UL-WUS.
Observation 6: A System Presence Indicator (SPI) defined for the speed up of Initial Cell Search can serve as the downlink synchronization signal for uplink wake-up signal (UL-WUS).
The concept of UL-WUS has been mostly discussed in the context of activating SSB/SIB1 on-demand. Still, the same concept of an UL-WUS can be used for example to change SSB/SIB1 periodicity from a large value (e.g. 160 ms) to a regular value (20 ms). 
Proposal 7:	An uplink wake-up signal (UL-WUS) can also be used to change SSB periodicity from a large value (e.g. 160 ms) to a regular value (20 ms).

In line with the foregoing observations and proposals, some information recorded in Section 4 of [4] are noted below for reference:
· In ‘additional aspects of waking up gNB’:
· DL synchronization needed for the UL WUS transmission may be obtained via the simplified DL signals in lieu of SSBs defined in technique #A-1 to aid initial access.
· The WUS in UL can also be used to change SSB periodicity from a large value (e.g. 160 ms) to a regular value (20 ms).
· 


Frequency Domain Techniques
Technique #B-1: Multi-carrier energy savings enhancements
In Section 3 of [4], the Technique #B-1 is described as
Proposal #3-1I
· Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less Scell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less Scell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less Scell operation may be investigated.
· Inter-band CA with SSB-less carriers/Scell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less Scell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less Scell.
· Dynamic UE-group Pcell switching
· To reduce network power consumption, a common primary cell may be dynamically indicated for a group of UEs. 
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less Scell:
· RACH procedures in SSB-less Scell
· 
· Impact on procedure for dynamic Pcell switching
· RAN3:
· RAN4:
· FFS
· 


As indicated earlier, any time-domain technique modifying the initial access requirements/assumptions from the perspective of the legacy UEs would impact their initial access performance and in turn UE power consumption. As we elaborate in Section 2 in [6], the impact on legacy UEs’ performance could be alleviated via multi-carrier energy saving techniques. Specifically, defining a mobility and coverage layer in the form of a carrier supporting backward compatibility 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.
Observation 7: Multi-carrier energy saving enhancements focusing on NES only on specific carriers can guarantee legacy UE support on other carriers dedicated for backward compatibility serving as a coverage and mobility layer.

In line with the foregoing observations and proposals, some information recorded in Section 4 of [4] are noted below for reference:
· In ‘additional considerations/aspects (including any impact to legacy UEs, if any)’:
· Reserve carriers dedicated for backward compatibility serving as a coverage and mobility layer and supporting legacy UEs so that other carriers on NES mode need not be discoverable.


[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494465620]Conclusion
Based on the topics discussed in the previous sections, the following observations and proposals have been made in this contribution:
Observation 1: At zero load and SSB-only transmission (4 SSBs per burst), by changing the SSB period from 20 ms to 160 ms, the gNB is able to reach a deeper sleep state, resulting in a combined gain of 46.8% in energy saving: specifically, from 3800 units to 2021 units of relative energy over 100 seconds, for Cat 1 under the ‘Set 1 FR1’ configuration in TR 38.864 
Observation 2: The trade-off between network energy saving (NES) gains and initial access performance applies not only to the extended periodicity approach of NES but also to the on-demand SSB transmission approach due to the need for prior DL synchronization.
Observation 3: Since legacy UEs performing initial access would expect SSB burst transmissions with 20 ms periodicity, either many cells would be constrained to setting the SSB periodicity to 20 ms or cells transmitting larger SSB periods than 20 ms may be missed by legacy UE performing initial cell search.
Observation 4: Compared to a legacy UE which assumes 20 ms SSB periodicity, a UE assuming 160 ms period would have to spend 8x more time on each frequency in order to acquire enough samples to evaluate whether a PSS is present or not.
Observation 5: An example demonstrates that improving the UE initial access via the proposed SPI (System Presence Indicator) signaling prior to SSBs can compensate for the degradation caused by increased SSB periodicity for network energy saving: 93.74% reduction in time spent for PSS detection over = 1000 possible GSCN frequency positions with SSB periodicity set to 160 ms.
Observation 6: A System Presence Indicator (SPI) defined for the speed up of Initial Cell Search can serve as the downlink synchronization signal for uplink wake-up signal (UL-WUS).
Observation 7: Multi-carrier energy saving enhancements focusing on NES only on specific carriers can guarantee legacy UE support on other carriers dedicated for backward compatibility serving as a coverage and mobility layer.

Proposal 1: The impact of larger SSB periodicities on the initial access of UEs must be studied in detail both from the perspective of legacy UEs and NES-aware UEs (Rel-18 and beyond).
Proposal 2: Investigate techniques which increase gNB inactivity as much as possible while attaining acceptable initial cell-search performance.
Proposal 3: Since the ‘Technique #A-6 Adaptation of SSB/SIB1’ is a specific case of ‘Technique #A-1 Adaptation of common signals and channels’, we propose to make either of the following changes: 
· Merge Technique #A-6 under Technique #A-1. 
· Or modify the title of  Technique #A-6 to On-demand SSB/SIB1 transmission
Proposal 4: Include under RAN4 impact the following:
· The UE network access performance requirements may get impacted by adaptation of common control and broadcast channels.
· The UE measurement performance based on SSB may be affected.
Proposal 5: Improve the UE initial access such that the initial access would not be impacted due to the NES techniques adapting SSB periodicity or via on-demand SSB transmission.
Proposal 6: Define a System Presence Indicator (SPI) that indicates to the UEs the presence of gNBs transmitting SSBs within a block of frequencies.  
Proposal 7:	An uplink wake-up signal (UL-WUS) can also be used to change SSB periodicity from a large value (e.g. 160 ms) to a regular value (20 ms).
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