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1. Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]A new work item on network energy saving was approved in RAN plenary #102 and revised as in [1]. The following objective has been agreed on adaptation of common signal/channel transmissions for Rel-19 NES:
	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


Analysis for adaptation schemes on respective common channels to be provided in the document. 
2. [bookmark: _Ref158130005]Adaptation of SSB
2.1 General discussion for SSB adaptation
The following agreement was achieved in the last meeting. In this section, we further discuss the related issue. For simplification, we refer to inactive UEs also by idle UEs. 
	Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)


SSB adaptation for PCell will inevitably impact the initial access and cell search procedure of legacy UEs. For example, a UE would assume 20ms periodicity of SSB for initial access, according to the current specification. Although it is observed that 40ms periodic SSB also works in some deployments, in general, the access rate is not well guaranteed if the periodicity is further increased. Obviously, new adaptation of SSB on top of current specification will not be able to be identified by legacy UEs, regardless of dynamically or statically. 
On the other hand, network energy savings features can be implemented in carriers without legacy UEs, or carriers that legacy UEs are handoverred from or barred based on network choice. In a worst case, legacy UEs who do not identify carriers with adaptive SSBs may just skip it for access, if the adaptation is to be performed and known by gNB. Rel-19 eNES should target to provide specification tools that allow sufficient flexibility for gNBs energy savings potential, whenever possible. Therefore, we consider that SSB adaptation can be supported for idle UEs or UEs in PCell from specification perspective. The design can be applied to RRC_connected UEs in PCell as well.
Furthermore, for UEs in SCell, the concern on legacy UE impact can be mitigated. For energy saving purpose, more enhancements are feasible and beneficial according to Rel-18 TR38.864. Note that today it is already possible to adapt SSB in time domain by RRC for SCell. Further enhancements in time domain fall into the following categories:
1) More efficient SSB configuration update, for controlling the SSB presence and absence (i.e. whether gNB is active or sleeping)
2) More efficient SSB-based measurement when SSB is present (i.e. duration that gNB is active).
Depending on SSB use cases, different adaptations can be flexibly adopted by gNB.  
Proposal 1: Specification supports SSB adaptation for idle/inactive/connected mode UEs, and UEs in PCell/SCell. 
· This does not restrict to apply a common adaptation scheme for all modes/serving cells. 

2.2 SSB adaptation scheme
The following mechanism for SSB adaptation was proposed in the last meeting. 
	Agreement
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded


The “always on” SSB-burst transmission pattern is defined in spec [2], the periodicity of SSB-burst and actual SSB blocks that are sent in a burst is indicated in SIB1/RRC configuration (i.e. ssb-periodicityServingCell and ssb-PositionsInBurst). 
Following the approach to efficiently control SSB configuration, more dynamic adaptation is needed. At least for the scenario that legacy UEs are not concerned, gNB may choose to use a relatively longer SSB periodicity as default, to keep network energy consumption in low level while maintain certain access capability. The default long-period SSB is not only used for UEs in idle mode, but also can be useful in case that a PCell for one UE is configured as SCell for another UE – apparently, SSB for SCell with longer periodicity is already supported and thus the other UE could benefit from this, if it is a legacy UE. Certainly, this adaptation can also be applicable to RRC connected UEs in PCell.
Then in order to further facilitate the access of UEs to PCell, without removal of the default SSB, to additionally uses and configures a new “mutable” SSB pattern can be considered. The “mutable” SSB pattern can be dynamically disabled/enabled depending on the NES needs of the cell. The “mutable” SSB pattern can mute SSB-bursts or SSB within a burst. So, we propose, 
Proposal 2: [bookmark: _Ref162613989]Support the following methods for UE in Idle/inactive mode and PCell for UE in connected mode:
· Two SSB configurations to be configured in SIB1, of which gNB can dynamically disable/enable one.

In CA scenarios, SSB is required for measurement, T/F synchronization, and activation procedure on SCell. In current spec, SSB patterns in an SSB burst within a period is fixed, gNB will keep in the wake-up state to transmit SSB regardless of whether there is data transmission service requirement on SCell, which is unfavourable for network power consumption saving. 
To provide gNB with more sleeping opportunities, following the approach 2) above, one potential scheme is that when there is no data on SCell, SSBs can be muted. When burst traffic arrives on SCell, SSB with much shorter period or of compact pattern can be adjusted by dynamic indication to quickly activate the SCell. After the SCell activation is completed, SSB with longer period (e.g., 20ms or larger) can be sent, as illustrated in Figure 1. Compared to using SSB with normal period to activate an SCell, additional NW energy saving gain is obtained due to the reason that, as the SCell activation is accelerated, the data can be sent earlier, and the NW can get into the sleep mode earlier. 
[image: ]
[bookmark: _Hlk162373358]Figure 1  An example for SSB adaptation on SCell.
Besides dense periodicities which are already supported (e.g., 5ms), new periodicities which are less than 5ms can be considered to boost the acceleration of SCell activation. In current spec, the transmission of an SSB burst is confined in a half frame (5ms) and the actual transmission window within is less than 5ms, which varies depending on the frequency band and SCS, i.e., from less than 2ms (e.g., SCS=15kHz, sub-3GHz) to more than 4ms but less than 5ms (e.g., SCS=120kHz, FR2). The new periodicity can thus be defined, with details to be considered under different bands and SCSs.
Proposal 3: Support new SSB burst periodicity of values of less than 5ms for SCell SSB transmission.
Furthermore, the gaps between two adjacent SS/PBCH blocks in an SSB burst can be squeezed and the candidate SS/PBCH blocks can be adaptive to the number of SSB beams, leading to an even narrower transmission window. In Figure 2, an example of compact SSB pattern is illustrated, where the SCS is 120 kHz and the number of SSB beams is assumed as 32. This compact pattern of SSB can be used for SCell activation to finish the synchronization and measurements in a shorter time.
[image: ]
Figure 2  An example of new SSB burst with compact SSB pattern

Proposal 4: Support new compact SSB bursts for SCell SSB transmission.

2.3 Indication method for SSB adaptation
	Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration


As previously mentioned, for now, once gNB wants to disable/release/change one configuration in SIB1, only SI change can be used by gNB. SI change takes effect by modification period. Currently, the modification period is 2/4/8 times of the DRX cycle, which means that the process can last for hundreds of milliseconds, or even several seconds. Thus, the latency is quite large. 
Obsevation 1: To enable/disable/change one configuration in SIB1, SI change causes hundreds of milliseconds or even several seconds’ latency.
Based on the above analysis, a new indication method with low latency should be introduced. This can be L1/L2 signalling, and can be a new one or based on an existing signalling, depending on the target use case and UE modes. For example, for idle UEs, detection complexity of such signalling should be taken into account.
Proposal 5: L1/L2 signalling can be enhanced for dynamic indication of SSB adaptation.
· FFS: Same or different, new or existing signalling can be used for the above, considering UE modes, detection complexity, and spec impact.

3. [bookmark: _Ref158130007]Adaptation of PRACH
[bookmark: _Hlk157864451]In RAN1#116 meeting, the following PRACH adaptation mechanism are considered for further study. 
	Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded


The gNB can configure additional PRACH resources for Rel-19 UE in addition to PRACH resources for legacy UEs (which are resources with long periodicity to save NE and guarantee minimum QoS for legacy UEs). When gNB wants to save energy, it can disable/mute the additional PRACH resources. Conversely, when gNB wants to exist NES mode it can enable/unmute the additional PRACH resources.
For configuring additional PRACH resources, a PRACH configuration (e.g. like RACH-configCommon) can be additionally configured in SIB1. This actually enable gNB to adapt PRACH with full flexibility. For example, gNB can adapt periodicity and/or time-domain occasion density of PRACH. In addition, it does not introduce any non-existing PRACH resource patterns which reduces the workload of new PRACH patterns design and implementation of new PRACH patterns. The enable/disable of these newly configured PRACH resources in SIB1 does not trigger an SI change and can be dynamic i.e., using L1/L2 signalling. 
One of the issues that comes with that is how to understand the association relationship between SSB and PRACH resources when both additional PRACH resources and PRACH resource for legacy UEs are used for NES-capable UEs. The straightforward way is the two kinds of PRACH resources are separately associated with the SSB as in the legacy manner. This way was applied when 2 step RACH was configured, and can be reused for PRACH adaptation. When 2 step RACH and 4 step RACH are both configured, separate PRACH resources are configured and each is associated with SSB independently.
Proposal 6: For PRACH, support the following methods:
· Default “always on” PRACH resources (e.g. PRACH with long periodicity) configuration following legacy procedures (e.g. for legacy UEs), with additional PRACH resources (e.g. PRACH with short periodicity) separately configured (e.g. in SIB1 only for Rel-19 UEs). The gNB can dynamically disable/enable the additional PRACH resources. 
· The default PRACH resources and the additional PRACH resources are separately associated with SSB and each association follow the legacy method.
The similar indication mechanism for SSB adaptation for UE in Idle/inactive mode and PCell for UE in connected mode can also be applied for PRACH adaptation. For example, if group common DCI is adopted for indication of SSB adaptation, i.e. it can be detected by IDLE/Inactive/Connected UE, reusing that also for PRACH adaptation indication would be beneficial. We will give our proposal in the next section.

4. Adaptation of Paging
	Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
· Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2


For now, the UE knows paging time-domain occasions (DRX periodicity, PF/PO position) through the configuration in SIB1/RRC messages, and obtain the specific PDCCH monitor occasion through the actual SSB blocks sent in one SSB-burst and corresponding search space configuration. For example, nAndPagingFrameOffset configures the number of total paging frames in paging cycle, ns configures number of paging occasions per paging frame. Similar to what has been discussed for SSB and PRACH part, the gNB can configure an “always on” paging pattern (e.g. paging pattern with low PF/PO density) (e.g. for legacy UEs) while additionally configures an “mutable” paging pattern (e.g. paging pattern with high PF/PO density) for other UEs (e.g. Rel-19 UEs) to achieve adaptation decisions in a dynamic and known way. The “mutable” paging pattern can be dynamically changed depending on the NES needs of the cell. The configuration of additional “mutable” paging pattern, e.g. including DRX period configuration and PF/PO density configuration, can be configured in SIB1.
Proposal 7: [bookmark: _Ref157193066]Support the following methods for paging adaptation:
· Configure one “always on” paging pattern (e.g. paging pattern with low PF/PO density) following legacy procedures (e.g. for legacy UE), and additionally configure “mutable” paging pattern (e.g. paging pattern with high PF/PO density) (e.g. for Rel-19 UE). The gNB can dynamically disable/enable the “mutable” paging pattern.
· Additional paging configuration, e.g. including DRX period configuration and PF/PO density configuration, to be configured in SIB1.
As can be seen, the indication method for adaptation of SSB, PRACH and Paging has commonality in terms of requirements of low latency, low detection complexity and being detectable for UEs in idle mode. We propose,
Proposal 8: Aim to adopt a common signaling indication for adaptation of SSB, PRACH and Paging.
· This does not mean they are adapted together.
In the last meeting, compact paging was discussed. Compact paging occasion patterns requires changing PF/PO calculation equation, as shown in section 7 of TS 38.304. As also studied and identified in TR 38.864, the relevant specification impact is mainly on RAN2. Therefore, following the agreement made in the last meeting, it is suggested that RAN2 to continue the discussion of further details for compact paging occasion patterns.

5. Conclusions
The following observations and proposals are provided.
Proposal 1: Specification supports SSB adaptation for idle/inactive/connected mode UEs, and UEs in PCell/SCell. 
· This does not restrict to apply a common adaptation scheme for all modes/serving cells. 
Proposal 2: Support the following methods for UE in Idle/inactive mode and PCell for UE in connected mode:
· Two SSB configurations to be configured in SIB1, of which gNB can dynamically disable/enable one. 
Proposal 3: Support new SSB burst periodicity of values of less than 5ms for SCell SSB transmission. 
Proposal 4: Support new compact SSB bursts for SCell SSB transmission.
Proposal 5: L1/L2 signalling can be enhanced for dynamic indication of SSB adaptation.
· FFS: Same or different, new or existing signalling can be used for the above, considering UE modes, detection complexity, and spec impact.
Proposal 6: For PRACH, support the following methods:
· Default “always on” PRACH resources (e.g. PRACH with long periodicity) configuration following legacy procedures (e.g. for legacy UEs), with additional PRACH resources (e.g. PRACH with short periodicity) separately configured (e.g. in SIB1 only for Rel-19 UEs). The gNB can dynamically disable/enable the additional PRACH resources. 
· The default PRACH resources and the additional PRACH resources are separately associated with SSB and each association follow the legacy method.
Proposal 7: Support the following methods for paging adaptation:
· Configure one “always on” paging pattern (e.g. paging pattern with low PF/PO density) following legacy procedures (e.g. for legacy UE), and additionally configure “mutable” paging pattern (e.g. paging pattern with high PF/PO density) (e.g. for Rel-19 UE). The gNB can dynamically disable/enable the “mutable” paging pattern.
· Additional paging configuration, e.g. including DRX period configuration and PF/PO density configuration, to be configured in SIB1.
Proposal 8: Aim to adopt a common signaling indication for adaptation of SSB, PRACH and Paging.
· This does not mean they are adapted together.
Obsevation 1: To enable/disable/change one configuration in SIB1, SI change causes hundreds of milliseconds or even several seconds’ latency.

6. References
[1] [bookmark: _Ref157193138]RP-234065, “New WID: Enhancements of network energy savings for NR”, Ericsson (Moderator), RAN#102, December 11th-15th, 2023.
[2] [bookmark: _Ref157863129]3GPP TS 38.213, “Physical layer procedures for control”, V18.1.0, December, 2023.
image1.png
e CSl report
SCell activation command (SCell activation completed)

CSIRS

scell T I I : I I I
Y

no SSB Compact SSB OR SSB w. dense periodicity SSB w. longer period
(L1/L3 meas. and T/F sync.)





image2.png
20ms SSB period
A

15ms (o 558 transmission) ]

o T T T T T T T T

™™ 3 a ™S X6

(I TN [ [ TN [ NN [ T NN | Y [ [ N [ [

Rel-15 SSB pattern with 32 SSB beams
SSBHO  SSBHL

2 ms SSB period ‘

1okHz | slot0 | Slot1 I Slot 2 [ Slot 3 [ Slot 4 I Slot5 | I

SSBHO  SSBH1 Rel-19 SSB pattern with 32 SSB beams




