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1. Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]A new work item on network energy saving was approved in RAN#102 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


In this paper, we discuss the details of adaptation of common signal/channel transmissions from the following aspects: Common considerations for the impact of legacy UEs; Adaptation of SSB, PRACH and Paging in single and multi-carrier scenario.
2. [bookmark: _Ref158127237]Common consideration for adaptation in time domain
There could be some common consideration for the design of SSB adaptation and PRACH adaptation in time domain. In this section, we discuss this aspect from a generalized point of view.
During Rel-18 NES SI [2], an energy consumption model for BS was setup and used for the evaluations of different NES techniques. Upon the evaluation, a scheme that mutes the transmission/reception occasions in a certain period can obtain NES gain for both Cat 1 and Cat 2 BS, as the example shown in Figure 1. Specifically, about 0.3%~25.4% and 14.4%~24.9% NES gain can be achieved by muting the SSB transmission occasion and PRACH reception occasion, respectively. Thus, muting/re-enabling the transmission/reception occasions (TO/RO as depicted in the figure) for common signal/channel in a certain period shall be treated as the scheme for adaption in single carrier scenario.[image: C:\Users\j00781913\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\83BAD3BB.tmp]
[bookmark: _Ref157189107]Figure 1  An example for muting/re-enabling the transmission/reception occasions in a certain period 
Obsevation 1: [bookmark: _Hlk157867401]Muting the transmission/reception occasion in a certain period can obtain NES gain for both Cat 1 and Cat 2 BS. Based on the evaluation results in TR 38.864, about 0.3%~25.4% and 14.4%~24.9% NES gain can be achieved by muting the SSB transmission occasion and PRACH reception occasion, respectively.
Proposal 1: Support muting/re-enabling the transmission/reception occasions for common signal/channel in a certain period in a single carrier scenario.
Also, the impact of legacy UE needs to be avoided as is captured in WID. The simplest way is to define/have two RO/TO patterns, one is static and follow legacy specifications (hence can be understood and used by legacy UEs as well as Rel-19 UEs) while the other is adaptable (mutable) that can be understood by Rel-19 UEs. Figure 2 shows an example of the overlapping two patterns.
[image: C:\Users\j00781913\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\6FD53880.tmp]
[bookmark: _Ref157782791]Figure 2  An example for default configuration and adaptable configuration

Obsevation 2: To avoid the impact to legacy UEs, two RO/TO patterns can be used: one is static and follows legacy specifications (hence can be understood and used by legacy UEs and Rel-19 UEs) and the other is adaptable (mutable) and can be understood by Rel-19 UEs. 

Based on the above analysis, we next discuss how to achieve muting/re-enabling the TOs/ROs while avoid the impact for legacy UE by each specific common signals/channels (for single carrier, which can also be applicable for CA).
3. [bookmark: _Ref158130005]Adaptation of SSB
Among the concerned common signals/channels, SSB differs from RACH and Paging due to its multiple and critical functions used for CA SCell, for example, for measurement and SCell activation. Some enhancements may be particularly beneficial for SCell but may not be directly used for PCell, for example, enlarging the SCell SSB periodicity could be easier for SCell, however it may increase the access latency too much to be applied on PCell, noting that the current specification allows a UE to assume 20 ms SSB periodicity for initial access. Therefore, for SSB adaptation, separate consideration for single carrier and multi-carrier scenario, or for PCell and SCell, is needed.  
Proposal 2: Adaptation of SSB should consider both single carrier scenario and multiple carrier/CA scenario. 
3.1 Single carrier SSB adaptation
The “always on” SSB-burst transmission pattern is defined in TS 38.213 [4], 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). 
To achieve adaptation of SSB without impact to legacy UEs, the gNB configures an always-on SSB pattern using legacy SIB1/RRC configuration for legacy UEs, and additionally configures a new mutable SSB pattern for Rel-19 UE. The mutable SSB pattern can be dynamically disable/enable depending on the NES needs of the cell. The mutable SSB pattern can mute SSB-bursts or SSBs within a burst. RAN1 can study how to avoid overlapping in time between the new mutable SSB patterns and always-on SSB patterns, and dynamic disable/enable of the additional mutable SSB pattern are needed to be studied and specified. 
Proposal 3: For SSB, support the following methods in single carrier scenario:
- Default always-on SSB pattern for legacy UE with additional mutable SSB pattern for Rel-19 UE. The gNB can dynamically disable/enable the additional mutable SSB pattern.
- For further study:
- The dynamic disable/enable of the additional mutable SSB pattern. 
- How the Rel-19 UE determines mutable SSB-burst transmission occasions in time and avoid overlapping with always-on SSB patterns.  
3.2 SSB adaptation for CA
In multi-carrier scenario, SSB is required for measurement, T/F synchronization, and activation procedure on SCell ‎[3]. 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, 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 can be adjusted by dynamic indication to quickly activate the SCell. In this scheme, gNB can flexibly select appropriate SSB to transmit based on different requirements, as illustrated in Figure 3. Furthermore, in some scenarios, especially with FR2 band, gNB needs to transmit multiple rounds of SSB during activation procedure to enable UE to perform beam management for better transmission quality, which usually takes up a very long time. Therefore, to speed the SCell activation procedure, more compact SSB pattern can be transmitted to improve user experience. In this way, gNB can complete data transmission earlier and has more time to keep the dormant state. The measurement window time of the UE can also be reduced, which is also beneficial for UE power saving.
[image: ]
Figure 3  An example for SSB adaptation on SCell
Proposal 4: Support more compact SSB pattern in time domain for SCell activation in multi-carrier scenario.

4. [bookmark: _Ref158130007]Adaptation of PRACH in time domain
[bookmark: _Hlk157864451]From TS 38.211 [5], the UE knows the PRACH time-domain resources (periodicity, sub-frame, slot and OFDM symbol it used) through the PRACH configuration index (i.e., prach-ConfigurationIndex, or by msgA-PRACH-ConfigurationIndex) that exist in SIB1/RRC messages. In ‎[2] (technique A-1-5), it was found that, the NES gain generally increases as PRACH periodicity increases for the same number of SSBs. Hence, the gNB can configure an always-on PRACH pattern for legacy UEs with long periodicity and additionally, and configure a new mutable PRACH pattern for Rel-19 UE. This makes adaptation decision more dynamic and known by the Rel-19 UEs by new signalling designs and at the same time do not impact legacy UEs. Currently, up to 256 PRACH time-domain configurations are supported [5], which, in our view, covers a wide, comprehensive choice of PRACH pattern (PRACH period, and the location of a receiving occasion in a period). Thus, the mutable PRACH pattern can be adapted by changing the PRACH configuration index, or enabling/disabling an individual PRACH configuration.
Proposal 5: For PRACH, support the following methods for adaptation:
- Default PRACH always-on occasions patterns for legacy UE following legacy procedures with additional PRACH occasion patterns for Rel-19 UEs. The gNB can dynamically disable/enable the additional mutable PRACH patterns.

5. Adaptation of Paging
The UE knows paging time-domain occasions (DRX periodicity, PF/PO position) through the configuration in SIB1/RRC messages, and obtains the specific PDCCH monitoring occasion through the actual SSB blocks sent in one SSB-burst and corresponding search space configuration. Moreover, for RRC_IDLE/RRC_INACTIVE UEs, it determines the corresponding PF/PO based on the UE_ID and the calculation formula in [6]. 
Similar to what has been discussed in Sections ‎4 and ‎5, the gNB can configure an always-on paging pattern for legacy UEs, and configure an adaptable paging pattern for Rel-19 UEs to achieve adaptation decisions in a dynamic and known way by the Rel-19 UEs, using new signalling designs, while not impacting legacy UEs. The adaptable paging pattern can be dynamically changed depending on the NES needs of the cell. The adaptable paging pattern can be adapted by changing the DRX period, PF/PO density or PF/PO calculation formula in [6].
Proposal 6: [bookmark: _Ref157193066]For paging, support the following methods for adaptation:
- Configure always-on paging pattern for legacy UE following legacy procedures, and additionally configure adaptable paging pattern for Rel-19 UE. The gNB can dynamically adapt the adaptable paging pattern by changing the DRX period, PF/PO density or PF/PO calculation formula in TS 38.304.

6. Conclusions
The following observations and proposals are provided.
Obsevation 1: Muting the transmission/reception occasion in a certain period can obtain NES gain for both Cat 1 and Cat 2 BS. Based on the evaluation results in TR 38.864, about 0.3%~25.4% and 14.4%~24.9% NES gain can be achieved by muting the SSB transmission occasion and PRACH reception occasion, respectively.
Obsevation 2: To avoid the impact to legacy UEs, two RO/TO patterns can be used: one is static and follows legacy specifications (hence can be understood and used by legacy UEs and Rel-19 UEs) and the other is adaptable (mutable) and can be understood by Rel-19 UEs. 

Proposal 1: Support muting/re-enabling the transmission/reception occasions for common signal/channel in a certain period in a single carrier scenario.
Proposal 2: Adaptation of SSB should consider both single carrier scenario and multiple carrier/CA scenario. 
Proposal 3: For SSB, support the following methods in single carrier scenario:
- Default always-on SSB pattern for legacy UE with additional mutable SSB pattern for Rel-19 UE. The gNB can dynamically disable/enable the additional mutable SSB pattern.
- For further study:
- The dynamic disable/enable of the additional mutable SSB pattern. 
- How the Rel-19 UE determines mutable SSB-burst transmission occasions in time and avoid overlapping with always-on SSB patterns.  
Proposal 4: Support more compact SSB pattern in time domain for SCell activation in multi-carrier scenario.
Proposal 5: For PRACH, support the following methods for adaptation:
- Default PRACH always-on occasions patterns for legacy UE following legacy procedures with additional PRACH occasion patterns for Rel-19 UEs. The gNB can dynamically disable/enable the additional mutable PRACH patterns.
Proposal 6: For paging, support the following methods for adaptation:
- Configure always-on paging pattern for legacy UE following legacy procedures, and additionally configure adaptable paging pattern for Rel-19 UE. The gNB can dynamically adapt the adaptable paging pattern by changing the DRX period, PF/PO density or PF/PO calculation formula in TS 38.304.
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