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Introduction
In RAN meeting #102, the new WID regarding enhancements of network energy savings for NR [1] was approved. One objective of the work item is the following.
	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
· [bookmark: _Hlk159208959][bookmark: _Hlk159208535]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
· [bookmark: _Hlk159082137]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 provide our views on adaptation of common signal/channel transmission for Rel-19 NES. 
Discussion
In last RAN1 meeting, RAN1 has conducted extensive discussions and made some guidance to the further study scope. In this section, we continue to provide our view to further consolidate the working scope and the suggest our proposed solutions. 
Adaptation of SSB in time domain
For adaptation oF SSB in time domain, although the possible directions were given in the RAN1 agreement, we found that they are not indeed mutually conflict. In fact, the listed bullets may not be at the same level, because some bullets, e.g. Adaptation of SSB burst periodicity and adapting the transmitted number of SSBs within a SSB burst and adapting the position of SSBs within a SSB burst are referring to the dimension of the SSB time domain adaptation. These bullets can be understood by either adapting the SSB periodicity or adapting the SSB beam numbers within a burst or adapting the SSB beam directions within a burst. 
On the other hand, some bullets, e.g. Adaptation based on two SSB configurations where up to two configurations can be active; and adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration; and Cell DTX for SSB adaptation are indeed the solution layer. By applying these solutions, the period level or beam level SSB adaptation can be realized. Therefore, in our view, the bullets in the previous RAN1 agreement cover both adaptation directions and also the mechanism to realize the adaptation. 
	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



Adaptation SSB period
The SSB period adaptation is a very basic adaptation dimension, which controls the density of the SSB. The considered scenario is a heterogeneous layout and the cell is a PCell that also provides the coverage level to legacy UE. The SSB period configured for legacy UE is a sparse one; while it may adapt to a more dense SSB period for R19 NES. Figure 1 gives an illustrative example for this scenario. However, in another scenario where homogeneous deployment is considered, in order to ensure the continuous coverage, a 20 ms SSB period is assumed to support legacy UE, in this case, there is not much of energy saving gain when apply further SSB period adaptation. 
Observation 1: In an heterogeneous layout and the cell is a PCell that also provides the coverage level to legacy UE. The SSB period configured for legacy UE is a sparse one; while it may adapt to a more dense SSB period for R19 NES.
Observation 2: In an homogeneous deployment, in order to ensure the continuous coverage, a 20 ms SSB period is assumed to support legacy UE, in this case, there is not much of energy saving gain when apply further SSB period adaptation. 
Proposal 1: In the scenario of  heterogeneous deployment, adapting SSB period can be supported. 
Adaptation SSB beam number and directions
The SSB beam level adaptation is also a basic dimension, the beam sweeping feature is usually energy consuming transmission. When the cell can detect the UE activity becomes non-uniformly distributed across different SSB beam directions, the beam level adaptation can also bring benefit to network energy saving. Moreover, the SSB beam level adaptation and the SSB period adaptation are not mutual exclusive. They can be considered together.
Observation 3:  When the UE activity becomes non-uniformly distributed across different SSB beam directions, the beam level adaptation can also bring benefit to network energy saving. 
Observation 4: SSB beam number and directions adaptation are another dimension for the time domain adaptation and they are not mutual exclusive to SSB period adaptation.
Proposal 2:  SSB beam number and position adaptation within a burst can be supported together with SSB period adaptation.
Adaptation solutions
At the solution level for SSB time domain period adaptation, two alternatives have been proposed
· [bookmark: _Hlk159207027]Alt-1: Two SSB configurations with different period are configured. One configuration can be a default configuration, which is used most likely also for the legacy UE. While an additional configuration can be added for R19 NES UE. When it comes to adaptation, one way is to only activate/deactivate the additional configuration, i.e., keeping the default SSB period unchanged. Thus, for the legacy UE, they can only see the default SSB period, and the R19 NES UE can see both periods. The activation/deactivation can consider using group-common DCI, as shown in Figure 1. 
· [bookmark: _Hlk159207045]Alt-2: Enhancement to the R18 cell DTX procedure for R19 NES UE. The SSB transmissions or SSB bursts within the non-active periods of the enhanced cell DTX are considered invalid. But in order to ensure the SSB operation with legacy UE, still a default SSB period configuration and an additional SSB period configuration are needed. The enhanced DTX mechanism to invalidate the SSB transmissions only applies to the additional SSB period configuration, as shown in Figure 2.




Figure 1: Two SSB configurations with different period for the NES cell



Figure 2: The enhanced cell DTX for the NES cell
Proposal 3: Two alternatives can be considered as candidate schemes for adaptation of SSB in time domain for the NES cell:
· Alt-1: group-common DCI to activate/deactivate additional SSB period configuration; while a default SSB period configuration is not impacted and is served for legacy UE. 
· Alt-2: Configure an additional SSB pattern for R19 NES UE, whose SSB transmissions are invalid within the non-active period of enhancement cell DTX.

2.2 Adaptation of PRACH in time domain
	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 PRACH adaptation also received much of attention in last RAN1 meeting, where the study directions were agreed. In this meeting, we would like to point out that according to WID, the adaptation of PRACH should be common PRACH channel, which means that the adaptation of PRACH resources from RRC dedicated configuration should be out of the WID scope. 
Observation 5: according to WID, if the PRACH is configured by dedicated RRC configuration, the adaptation of such PRACH resource is out of WID scope. Only common PRACH adaptation is considered. 
Similar to SSB, the adaptation of PRACH in time domain can also include the following two candidate schemes.
· Alt-1: Two PRACH configurations with different period  are configured for the NES cell. The ROs corresponding to the PRACH configuration with long-period are a subset of the ROs corresponding to the PRACH configuration with short-period. Which PRACH configuration is adopted for the NES cell is indicated by gNB via dynamic indication information (e.g., GC-PDCCH).
· Alt-2: Enhancement to the cell DRX configuration for the NES cell. The ROs are invalid during the non-active periods of the enhanced cell DRX. The activation or deactivation of the enhanced cell DRX of the NES cell is indicated by gNB via dynamic indication information (e.g. GC-PDCCH).
Similarly, both Alt-1 and Alt-2 can be considered as candidate schemes to reduce the transmission and reception of PRACH in time domain in the NES cell.
Proposal 4: Two schemes can be considered as candidate schemes for adaptation of PRACH in time domain for the NES cell:
· Alt-1: Two PRACH configurations with different period are configured for the NES cell.
· Alt-2: Enhancement to the cell DRX configuration for the NES cell.

2.3 Adaptation of PRACH in spatial domain
In last meeting, RAN1 has discussed the scenarios/use cases that motivates the adatpation of PRACH in spatial domain. Apart from the detailed adaptation solution, we would like to clarify our understanding on the use case. To our view, a typical scenario is that the UE distribution with respect to different beam directions is different as shown in Fig. ?, where the UE under SSB#1 direction is seldom, while the UE activity under SSB#2 direction is more active. Thus, allocating more RO resources for SSB#2 than those of for SSB#1is more beneficial for RO capacity. Concerning this scenario, we have the following two questions:
Q1: whether this non-uniformly distributed UEs is due to network deployment? We wonder if such scenario is due to the deployement condition, e.g., a SSB direction is blocked by a building etc. If this is the case, we suspect that the network may well configure a set of SSB beams based on this deployment restrictions. Moreover, this scenario may not need frequent adaptation, rather a quasi static configuration is enough. 
Q2: as agreed in the previous RAN1 agreements, the adaptation can be only applied on additional PRACH resources for R19 UE. It is to say that the legacy UE cannot use this additional PRACH resources. On the other hand, we know that if the non-uniform UE distribution occurs, both R17 and legacy UEs are concerned. From a network perspective, we would like to understand how the network plans to take advantage of this adaptation. We figure our two possible ways: 
1) the network over-dimension the legacy RO plan, e.g., allocating more RO resources to SSB#2 than it would need, in order to ensure neccecary RACH capacity to other SSB directions. 
2) the network under-dimension the legacy RO planning, e.g. Allocating less RO resources to SSB#1 than it would need, in order not to waste too many resources under SSB#2. 
Due to the existence of legacy UE, we think that the non-uniform spatial domain adaptation cannot redically address the issue. It may help, but the gain is quite marginal given the RO over/under-dimension has already been planned for legacy UEs. 
Observation: Due to the existence of legacy UE, we think that the non-uniform spatial domain adaptation cannot radically address the issue. It may help, but the gain is quite marginal given the RO over/under-dimension has already been planned for legacy UEs. 
Proposal 5: R19 does not support dynamic adaptation of PRACH in spatial domain. 

2.3 Adaptation of paging occasions
[bookmark: _Hlk159210338]For the adaptation of paging in time domain, enhancements to calculation formula of paging occasion index in a paging frame to realize the compacted POs in a PF may be considered for Rel-19 NES UE in the NES cell. Considering legacy UEs do not have the ability to enhance the PO calculation formula, to reduce the impact, it is better to transfer legacy UEs to a non-NES cell by gNB implementation, as discussed above.
Proposal 6: Enhancements to calculation formula of paging occasion index in a paging frame to realize the compacted POs in a PF may be considered.

Conclusion
In this contribution, we provide our views on adaptation of common signal/channel transmission for Rel-19 NES. The following proposals are provided.
Observation 1: In an heterogeneous layout and the cell is a PCell that also provides the coverage level to legacy UE. The SSB period configured for legacy UE is a sparse one; while it may adapt to a more dense SSB period for R19 NES.
Observation 2: In an homogeneous deployment, in order to ensure the continuous coverage, a 20 ms SSB period is assumed to support legacy UE, in this case, there is not much of energy saving gain when apply further SSB period adaptation. 
Observation 3:  When the UE activity becomes non-uniformly distributed across different SSB beam directions, the beam level adaptation can also bring benefit to network energy saving. 
Observation 4: SSB beam number and directions adaptation are another dimension for the time domain adaptation and they are not mutual exclusive to SSB period adaptation.
Observation 5: according to WID, if the PRACH is configured by dedicated RRC configuration, the adaptation of such PRACH resource is out of WID scope. Only common PRACH adaptation is considered. 

Proposal 1: In the scenario of  heterogeneous deployment, adapting SSB period can be supported. 
Proposal 2:  SSB beam number and position adaptation within a burst can be supported together with SSB period adaptation.
Proposal 3: Two alternatives can be considered as candidate schemes for adaptation of SSB in time domain for the NES cell:
· Alt-1: group-common DCI to activate/deactivate additional SSB period configuration; while a default SSB period configuration is not impacted and is served for legacy UE. 
· Alt-2: Configure an additional SSB pattern for R19 NES UE, whose SSB transmissions are invalid within the non-active period of enhancement cell DTX.
Proposal 4: Two schemes can be considered as candidate schemes for adaptation of PRACH in time domain for the NES cell:
· Alt-1: Two PRACH configurations with different period are configured for the NES cell.
· Alt-2: Enhancement to the cell DRX configuration for the NES cell.
Proposal 5: Deprioritize the discussion of adaptation of PRACH in spatial domain.
Proposal 6: Enhancements to calculation formula of paging occasion index in a paging frame to realize the compacted POs in a PF may be considered.
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