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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The Work Item for Network Energy Savings was completed in RAN1#114 fulfilling its stated objectives [1]. These completed objectives were a subset of the recommendations [2] from the Study Item that were presented in December 2022 at RAN#98. In RAN#101, companies were quite unanimous in their support for a new WI in Rel-19 for further enhancements of network energy savings. In RAN#102, a new WID was agreed for NES Rel-19 [3]. The objectives of the work item are the following:
1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, SCell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.
2. Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105
3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
In this contribution, we review and provide our views on the third objective of the WID scope and propose potential solutions.


Discussion 
On the time adaptation and signaling
The third WID objective addresses procedures and solutions for the adaptation of common signal/channel transmissions (SSB, PRACH, paging channel) for the purpose of network energy savings. Specifically, the WID refers to the time domain adaptation.
In the study phase [TR 38.864, Clause 6.1.1] the proposed technique A-1 adapts the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SIB/RACH/paging/cell common PDCCH. 
Technique A-1-3 proposed in the study phase, i.e. configuration/adaptation of longer periodicity of common signals and/or uplink random access opportunities, is the best match for the third objective of the WID.
Simulations results showed that that together with longer SIB/RACH/RO monitoring periodicities, depending on the traffic load, the BS energy saving gain can be 53.6%~7.1% and 83.6%~3.4%, respectively, compared to a baseline with 20ms SSB periodicity. 
In the same simulations, the latency/access delay/UE power consumption increases proportionally as the periodicity of SSB/SIB increases compared to a corresponding baseline. 
Observation 1: During the study phase, most companies reported that the energy saving gain generally increases as the SSB/SIB periodicity becomes larger and decreases as the traffic load increases or the number of SSBs increases.
The results imply that one independent factor that impacts energy savings is the traffic load in a cell.
To minimize the impact on the latency/access delay and UE power consumption is preferable that SSB periodicity is shorter for medium and high traffic, and longer for zero or light traffic when cells can benefit for longer sleep periods.
Observation 2: Traffic load seems to be an independent variable that could trigger time adaptation of common signal periodicity to achieve energy gains at gNB.
Therefore, the traffic change may influence how fast in time the time adaptation is necessary. 
Another observation taken from the study phase is concerning the potential impact on the legacy UEs, which is one of the main restrictions from the WID’s objective 3.
“The scheme does not affect the UPT for empty load case. When traffic occurs and load increases, the UPT also significantly decreases. The latency/access delay/UE power consumption increases proportionally as the periodicity of SSB/SIB increases compared to a corresponding baseline.”
Observation 3: Only for the empty load case the configuration/adaptation of longer periodicity of common signals and/or uplink random access opportunities does not affect the UPT, the latency or the UE power consumption.
In Rel 18 NES one solution to minimize the impact on the legacy device is to allow Rel 18 UE capable of NES cell DTX/DRX to select a cell, which is barred for legacy UEs non NES cell DTX/DRX capable. The procedure is defined in TS 38.331, Clause 5.2.2.4. More precisely, if cellBarred in MIB is set to barred, the legacy UEs (<R18) should consider cell barred and reselect a different cell.
UE capable of NES cell DTX/DRX should acquire SIB1 to determine the cell barring status when the
cellBarred in MIB is set to barred and only if cellBarredNES is absent in the acquired SIB1 considers the cell barred in accordance with TS 38.304.
Observation 4: Rel 18 UEs capable of NES cell DTX/DRX may select a cell which is barred for legacy UEs.
Such operation may allow a cell to enter deep sleep or implement NES methods without affecting legacy UEs, when legacy UEs have the possibility to reselect a neighbor cell. From this aspect it is expected that Rel 19 UEs capable of NES cell DTX/DRX to be backward compatible with Rel 18 UEs capable of NES cell DTX/DRX
Proposal 1: Support or extend Rel 18 cell barring initial access approach for Rel 19 UEs capable of NES cell DTX/DRX.
For the third objective of the WID, it is important to understand whether the existing configurations of common signal transmissions would require static, semi-static or dynamic time adaptation. 
In the study phase [TR 38.864] the companies reported results based on statically adapting SSB periodicity, Paging periodicity, RACH occasion periodicity and static skipping one or more SSB/SIB1 transmissions.
Observation 5: During the study phase, the simulations and results were provided only for the static adaptation of time periodicity of SSB, RACH occasions and Paging periodicity. 
Therefore, priority should be given to static and semi-static time adaptation solutions until new evidence is provided on the NES gain and feasibility of the dynamic time adaptation solutions.
Proposal 2: Prioritize the static and the semi-static solutions for the time adaptation of signals and channels.
As specified in TS 38.331, the UE in RRC_IDLE and RRC_INACTIVE shall ensure having a valid version of (at least) the MIB, SIB1 and other SIBs depending on the configuration and capability. When system information changes occur, gNB informs the UEs about the SI modification.
The UE receives indications about SI modifications and/or PWS notifications using Short Message transmitted with P-RNTI over DCI (TS 38.331, Clause 6.5). Repetitions of SI change indication may occur within preceding modification period or within preceding eDRX acquisition period. As per TS 38.331, Clause 5.2.2.22, UEs in RRC_IDLE or in RRC_INACTIVE while SDT procedure is not ongoing shall monitor for SI change in its own paging occasion(s) that the UE monitors as specified in TS 38.304.
Once a UE is aware of the SI change, it should reacquire SIB1 and apply the SI acquisition procedure by sending a SI request (a MSG1 repetition) on dedicated PRACH resources signaled in SIB1. 
If in RRC_IDLE or in RRC_INACTIVE or in RRC_CONNECTED while T311 is running if the UE is unable to acquire MIB or SIB1 the UE shall perform cell reselection. [TS 38.331, Clause 5.2.2.5].
For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation. 
A UE monitors PDCCH with CRC scrambled by SI-RNTI [TS 38.212, Clause 7.3.1.2.1]. The System information indicator field (1 bit) of the PDCCH signals whether the message concerns SIB1 or SI message (carrying other SIB information including posSIB). 
The SIB1 information may be provided to UE via DedicatedSIB1 during the reconfiguration process [TS 38.331].
Observation 6: SIB other than SIB1 may be provided to UEs via SI request procedure. SIB1 information may be provided only during the reconfiguration process. 
From the scope of objective 3 of the WID, gNB should be able to implement an adaptive transmission of the SSB, PRACH occasions and Paging occasions. Potentially, such adaptation may provide energy savings. 
If gNB is adapting its transmission periods of system signals/channels it should be able to inform UEs about the modifications. Such changes may impact SIB1 for instance SchedulingInfo related fields. It also may require the adaptation of SIB1 transmissions as well. If the existing solutions are reused, gNB using paging informs UEs in RRC IDLE or RRC INACTIVE states of the changes [TS 38.304, Clause 7.1]. The changes in the system information may be notified by the network using a Short Message. When such message about the system information changes is received, the UE should be able to acquire or re-acquire the concerned system information like the existing procedures.
Proposal 3: Reuse or extend the existing signaling to inform UEs about the time adaptation of SSB, SIB1, PRACH and Paging transmissions. 

SSB
Cell Defining SSB (an SSB with an RMSI associated information) provides or is used for cell (re-)selection and initial access with synchronization in time and frequency, frame timing, PCI, SFN, SCS, initial BWP, CORESET# 0 information, SIB1 related information, cell baring status, PRACH occasions, downlink CSI EPRE and RRM measurements (including signal strength, QCL related information).
PSS together with SSS provides cell ID, and symbol synchronization. PBCH via MIB’s associated DMRS provides the LSB of the SSB index (via DMRS sequence and respectively PBCH payload). The SSB index is used for RRM, CSI-RS measurements to assess link quality, and for the link recovery procedures.
In the case when SSB is not associated with an RMSI, PBCH indicates that there is no associated SIB1, in which case the UE may be pointed to another frequency from where to search for an SSB that is associated with a SIB1 as well as a frequency range where the UE may assume no SSB associated with SIB1 is present.
As specified in TS 38.213, Clause 4.1, for a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined according to the SCS of SS/PBCH blocks, where index 0 corresponds to the first symbol of the first slot in a half-frame. 
For instance, for 15kHz SCS there are 4 SSB transmissions in a half-frame for carrier frequencies smaller than or equal to 3 GHz (symbol indexes of , , and 8 SSB transmissions ( for carrier frequencies larger than 3GHz.
[image: ]
Figure 1, SCS=15kHz, SSB Case A for carrier frequencies less or equal to 3GHz
For the initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames. Thus, the SSB burst is confined in a 5ms window with a typical periodicity of 20ms, which can be increased up to 160ms.
[image: ]
Figure 2, SSB time distribution, 20 ms periodicity, SSB burst within 5ms

A UE can be provided a periodicity of the half frames for reception of the SS/PBCH blocks for the serving cell per serving cell by ssb-periodicityServingCell as a part of the IE servingCellConfigCommon. The IE contains parameters which a UE would typically acquire from SSB, MIB or SIBs when accessing the cell from RRC IDLE state.
In TR 38.864 most companies provided simulations that show gains in energy savings in with respect to the reference of 20ms SSB period for transmissions of SSB with increased periodicity values in the set of {40ms, 80ms, 160ms}. Companies reported very little saving gain (around 5% or less) for medium traffic load with the most gain for zero traffic or low traffic load. These results suggest that one way to increase the energy saving for a cell is to increase SSB periodicity. 
Thus, for the very low traffic scenarios or during the sleep periods the SSB transmissions can be less frequent at the price of increased latency. 
[bookmark: _Hlk158801869]In our view, an R19 cell should have the option to change SSB periodicity when the legacy devices are little or no impacted, for instance, in the cell overlapping scenarios or the CA when a SCell could provide services for UE capable of cell NES DTX/DRX.
Proposal 4: Support the static or semi-static change of SSB’s transmission periodicity and the corresponding signaling of the change to UEs.  
[bookmark: OLE_LINK11]The indication of the new SSB transmission occasions may be achieved via RRC signaling in SIB1 for instance or via a modified DCI Format 2-9, which now is used for activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells for one or more UEs, and/or for providing NES-mode indication of the primary cell for one or more UEs. Another possibility may be to use a modified DCI Format 1_0 with CRC scrambled by SI-RNTI.

PRACH
During the study phase of NES [TR 38.864] companies showed that by cutting down the receiving occasions at gNB additional energy saving can be achieved at the expense of increased latency. The simulations provided the gain for empty load scenarios with respect to 10 ms RACH periodicity. The gain generally increases as PRACH periodicity increases for the same number of SSBs.  
WID specifies that in Rel 19 the adaptation in time of RACH occasions should be considered.
Random access preambles can only be transmitted in the time resources obtained from Tables 6.3.3.2-2 to 6.3.3.2-4 TS 38.211 and depends on FR1 or FR2 and the spectrum type. The configuration index in these tables is given by the higher layer parameter prach-ConfigurationIndex, or by msgA-PRACH-ConfigurationIndex if configured.
PRACH slots have periodicities from 10ms up to 160 ms, Table 6.3.3.2-3 (FR1) and Table 6.3.3.2-4 (FR2).
The PRACH slots are in the index frame given by the formula , [TS 38.212, Clause 6.3.3.2] where x is the configuration period {1,2,4,8,16}. The PRACH slots are in a subframe (indicated by the Subframe number) while the number of slots is indicated by the Number of PRACH slots within a subframe (none, one or two).  For instance, in Table 6.3.3.2-3, if PRACH configuration 76 is selected, the period x=2, i.e. 20ms, thus in the odd frames, one PRACH slot will be in each of the subframes 2,3,4,7,8,9.
Note that in the above tables for FR2 the column of the subframe number is replaced with the column of slot number, where a slot duration corresponds to 60 kHz SCS.
To reduce receiving time (or occasions) at gNB, a simple approach can be adding to the PRACH table new PRACH occasions, where a new single PRACH occasion would correspond to a larger number of consecutive subframes (increased period x) for instance {2,3,4,5,6} subframes, where all the PRACH occasions are in the first subframe of this sequence of subframes. Grouping the PRACH occasions closer in time would allow gNB longer sleep periods.
Proposal 5: If SS/PBCH blocks periodicities are increased beyond the Rel 18 specs consider PRACH configurations with larger periods.
As specified in TS 38.213, for Type-1 random access procedure and Type-2 random access procedure, a UE is provided a number  of SS/PBCH block indexes associated with one PRACH occasion. If N<1, one SS/PBCH block index is mapped to 1⁄N consecutive valid PRACH occasions.
ssb-perRACH-Occasion ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
This implied association is [TS 38.213] “such that the index of SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains the index of SS/PBCH blocks from the value of higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1 and/or in ServingCellConfigCommon.”
“An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions.”
We note that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec, which corresponds to the present largest SSB period and PRACH slots periodicity. As we observed in this paper, increasing SSB periodicity may be beneficial for the gNB energy sensing.  Therefore, for larger SSB periodicity and PRACH slot periodicity the pattern of the association between SS/PBCH and PRACH occasions may also be increased.
Proposal 6: Consider larger periods of association pattern between PRACH occasions and SS/PBCH blocks if their periodicities are increased beyond the Rel 18 specs. 

Paging Channel
Paging procedure is used to transmit information to a UE in RRC_IDLE or RRC_INACTIVE state [TS 38.331, Clause 5.3.2]. The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle.
The network initiates the paging procedure by transmitting the Paging message at the UE's paging occasion as specified in TS 38.304 [20]. The network may address multiple UEs within a Paging message by including one PagingRecord for each UE. The network may also include one or multiple TMGI(s) in the Paging message to page UEs for specific MBS multicast session(s).
For each SSB there are several paging occasions (nrofPDCCH-MonitoringOccasionPerSSB-InPO)
The number of PDCCH monitoring occasions corresponding to an SSB within a Paging Occasion (PO), specified in TS 38.304, clause 7.1.
The maximum number of paging occasions per paging frame is 4. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO.
The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
where T=DRX cycle of UE. If UE does not operate in DRX (eDRX) mode, T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information.
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID:
If the UE operates in eDRX as specified in clause 7.4:
-	5G-S-TMSI mod 4096
else:
-	5G-S-TMSI mod 1024
Parameters Ns, nAndPagingFrameOffset, nrofPDCCH-MonitoringOccasionPerSSB-InPO, and the length of default DRX Cycle are signaled in SIB1. The values of N and PF_offset are derived from the parameter nAndPagingFrameOffset as defined in TS 38.331. The parameter firstPDCCH-MonitoringOccasionOfPO is signalled in SIB1 for paging in the BWP configured by initialDownlinkBWP. For paging in a DL BWP other than the BWP configured by initialDownlinkBWP, the parameter first-PDCCH-MonitoringOccasionOfPO is signaled in the corresponding BWP configuration.
The values for paging cycle period (T) are defined in TS 38.331:
PagingCycle ::= ENUMERATED {rf32, rf64, rf128, rf256}
In Rel 17 more values were added:
ExtendedPagingCycle-r17 ::= ENUMERATED {rf256, rf512, rf1024, spare1}
Which allows extending the period up to 1024 frames =10.240s duration.
Observation 6: The existing specs allow paging cycles up to 10.240s.
The number of paging frames in a paging cycle (N) can have values in {1,2,4,8,16} dependent on the subcarrier spacing (SCS) values, while the number of the PO per paging frame (Ns) has values {4,2,1}.
Observation 7: The existing paging configuration values allow large paging periods that could accommodate the gNB sleeping patterns.
During the study phase only few results were reported regarding paging adaptation. One company reported potential gains from reduced paging occasions when the paging load is increased and the number of SSB increases. There were no reports on adapting paging configurations, there were no reports on non-zero traffic load. For zero loads and low paging loads 0.2% the energy saving gain was minor around 5% when using a reduced density of PF. The only substantial energy saving reported was for scenarios with zero load and higher paging load (2%). 
Observation 8: Changing the existing paging patterns may provide little or negligible energy gain in most scenarios.
Nevertheless, if larger SSB periodicity values are added to improve the energy gain, some additional paging configurations may be necessary. For instance, the range of nrofPDCCH-MonitoringOccasionPerSSB-InPO, which takes values of (2...4) can be extended to (2...8). Thus, changes in SSB time distribution may require some changes of paging configuration as an implicit consequence. Based on the reported results in the study phase, we conclude that there is not enough evidence to justify independent adaptation in time of paging. The only justified configuration changes of paging are those resulting from changing of other signals/channels such SSB.
Proposal 7: RAN1 should prioritize the time adaptation of the paging as an effect of other signal/channel changes (such SSB) over independent paging time adaptation.
 
Conclusions
[bookmark: _Ref129681832]Observation 1: During the study phase, most companies reported that the energy saving gain generally increases as the SSB/SIB periodicity becomes larger and decreases as the traffic load increases or the number of SSBs increases.
Observation 2: Traffic load seems to be one independent variable that could trigger time adaptation of common signal periodicity to achieve energy gains at gNB.
Observation 3: Only for the empty load case the configuration/adaptation of longer periodicity of common signals and/or uplink random access opportunities does not affect the UPT, the latency or the UE power consumption.
Observation 4: Rel 18 UEs capable of NES cell DTX/DRX may select a cell which is barred for legacy UEs.
Proposal 1: Support or extend Rel 18 cell barring initial access approach for Rel 19 UEs capable of NES cell DTX/DRX.
Observation 5: During the study phase, the simulations and results were provided only for the static adaptation of time periodicity of SSB, RACH occasions and Paging periodicity. 
Proposal 2: Prioritize the static and the semi-static solutions for the time adaptation of signals and channels.
Observation 6: SIB other than SIB1 may be provided to UEs via SI request procedure. SIB1 information may be provided only during the reconfiguration process. 
Proposal 3: Reuse or extend the existing signaling to inform UEs about the time adaptation of SSB, SIB1, PRACH and Paging transmissions. 
Proposal 4: Support the static or semi-static change of SSB’s transmission periodicity and the corresponding signaling of the change to UEs.  
Proposal 5: If SS/PBCH blocks periodicities are increased beyond the Rel 18 specs consider PRACH configurations with larger periods.
Proposal 6: Consider larger periods of association pattern between PRACH occasions and SS/PBCH blocks if their periodicities are increased beyond the Rel 18 specs. 
Observation 6: The existing specs allow paging cycles up to 10.240s.
Observation 7: The existing paging configuration values allow large paging periods that could accommodate the gNB sleeping patterns.
Observation 8: Changing the existing paging patterns may provide little or negligible energy gain in most scenarios.
Proposal 7: RAN1 should prioritize the time adaptation of the paging as an effect of other signal/channel changes (such SSB) over independent paging time adaptation.
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