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Introduction
[bookmark: OLE_LINK7]In the RAN#102 meeting, the new WI of enhancements of network energy savings for NR was set up [1], , one of the objectives is to adapt the common signal/channel transmission, which has been discussed during R18 SI and proved to be beneficial for energy saving, the related objective is as following,
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4] 
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]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
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 


In the RAN2#125bis meeting, only Paging occasion adaptation is discussed, and following are the agreements [2]:
Agreements on paging adaptation:
1. From the UE point of view, UE will monitor one PEI/PO every paging DRX cycle, i.e. the UE doesn’t skip PO in paging DRX cycle. 
2. [bookmark: OLE_LINK6]For adaptation of paging occasions in time domain, RAN2 to study a) bundle paging frames and b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
3. For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
 	- Option 1: Prevent the access of legacy UE via barring;
 	- Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)
In this contribution, we provide our view on common signalling adaptation.
[bookmark: _Hlk110416859]Discussion
Adaptation of Paging occasion
In last meeting, RAN2 agreed the following two direction for the adaptation of paging occasion in time domain:
a) bundle paging frames
b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
Paging Frame bundling
In 5G system, a PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent due to multiple beams, and the PDCCH monitoring occasions for paging are determined according to pagingSearchSpace. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO, therefore, a PF can consist of several radio frames.
Observation 1: A PO can consist of multiple time slots due to beam sweeping.
Observation 2: A PF can consist of several radio frames due to beam sweeping and multiple POs in a PF.
Therefore, it should be discuss for PF bundling, there could be two possible understanding as shown in Figure 1:
Case 1: the Nth bundled PF may start from the last PO of (N-1)th bundled PF;
Case 2:the Nth bundled PF starts from the next radio frame of (N-1)the bundled PF.


Figure 1 Potential PF bundling mechanisms
Compared the two cases, Case 1 may achieve more energy saving gain, since with the same PF/PO configuration, the network can transmit Paging message with less time, and longer sleep can be expected.
Proposal 1: RAN2 should clarify which case is the PF bundling discussed in Rel-19 NES:
Case 1: the Nth bundled PF may start from the last PO of (N-1)th bundled PF;
Case 2:the Nth bundled PF starts from the next radio frame of (N-1)the bundled PF.
Compatibility of legacy RRC_IDLE/RRC_INACTIVE UE
To minimize the impact of paging occasion adaptation to legacy UEs, there’s two options on the table:
- Option 1: Prevent the access of legacy UE via barring;
- Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)
For Option1, a barring mechanism should be designed for barring legacy UE only, while Rel-19 NES UEs can camp on the NES cell with paging adaptation. In Rel-18 NES discussion, a new IE cellBarredNES is introduced in SIB1 for the similar consideration. The same way can be reused, a new IE to not bar Rel-19 NES UEs can be introduced in SIB1.
Besides, there’re several NES techniques under discussion in Rel-19, and the other Rel-19 NES techniques may have impact to legacy UEs，whether a unified barring mechanism is needed should be further discussed.
Proposal 2: A new IE to not bar Rel-19 NES UEs can be introduced in SIB1, similar to Rel-18 cellBarredNES.
For Option 2, separate paging resources for legacy UEs and NES UEs is needed, and in our view, it depends on RAN1 discussion on separate  paging resources, and RAN2 can wait for RAN1’s progress on this.
Proposal 3: Whether  Separate paging resources for legacy UE and NES UE is decides by RAN1 and RAN2 can wait for RAN1’s progress.
Adaptation of SSB
For SSB adaptation in time domain, the following agreement is agreed during RAN1#116-bis meeting [3].
	Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
· For cell with both legacy UEs and Rel-19 NES-capable UEs 
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Study from the following options:
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· [bookmark: _Hlk164286497]Option A3: adaptation for SSB not on sync raster
· Rel-19 NES-capable UE’s SCell 
· Study from the following options:
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB
· Option B3: adaptation for SSB not on sync raster
· FFS: Rel-19 NES-capable UE in idle/inactive mode
· Note: Impact to idle/inactive UEs shall be minimized 


For SSB adaptation, the first issue is whether SSB adaptation can only applicable for NCD-SSB/SSB that is not a CD-SSB while CD-SSB is always transmitted in a normal periodicity. To solve this, we perform an evaluation on NES gain for this mechanism. The settings for baseline and SSB adaptation mode are shown as below:
· Baseline: 
· Both CD-SSB and corresponding SIB1 are transmitted per 20ms
· PRACH is transmitted periodically with configuration index 5 and the frequency bandwidth is 12 RB.
· NCD-SSB is transmitted per 20 ms, NCD-SSB is FDM transmitted with CD-SSB.
· NCD-SSB adaptation mode: 
· Both CD-SSB and corresponding SIB1 are transmitted per 20ms
· PRACH is transmitted periodically with configuration index 5 and the frequency bandwidth is 12 RB.
· NCD-SSB is transmitted per 160 ms, NCD-SSB is FDM transmitted with CD-SSB.
· [bookmark: OLE_LINK26]Note that the assumption for cell load is empty load, and other parameters come from SLS parameter settings in [3]. Figure 1 and Figure 2 show an example for CD-SSB/SIB1/PRACH transmission pattern in TDD and FDD structure, respectively
[image: ]
· [bookmark: _Ref165901390]Figure 1. An example for CD-SSB/SIB1/PRACH transmission pattern for baseline in TDD structure
[image: ]
· [bookmark: _Ref165901399]Figure 2. An example for CD-SSB/SIB1/PRACH transmission pattern for baseline in FDD structure
For NES gain on NCD-SSB adaptation, Table 1 shows the evaluation result for different BS type in [4]. It can be observed that only 0.7%~2.7% NES gain can be obtained for Cell A in various BS types and TDD/FDD structures. Since the benefit is relatively limited, we do not support SSB adaptation is only applicable for NCD-SSB/SSB that is not a CD-SSB while CD-SSB is always transmitted in normal periodicity.
· Table 1. NES gain on NCD-SSB adaptation for different BS type in [4]
	BS category and structure
	Cat 1 BS, TDD
	Cat 1 BS, FDD
	Cat 2 BS, TDD
	Cat 2 BS, FDD

	NES gain (%)
	0.7%
	1.6%
	0.7%
	2.7%


Observation 3: For SSB adaptation that is only applicable for NCD-SSB while CD-SSB is always transmitted in normal periodicity, 0.7%~2.7% NES gain can be obtained in various BS types and TDD/FDD structures. 
· Note that the assumption for cell load is empty load.
Proposal 4: Do not support SSB adaptation that is only applicable for NCD-SSB/SSB that is not a CD-SSB while a CD-SSB is always transmitted in normal periodicity.
As for R19 NES-capable UE, it may perform cell search procedure based on long-period SSB transmission with some additional requirement, e.g., adding more assumption for SSB periodicity, or relaxing the total detection time during the cell search procedure.
Note that although the agreement makes a distinction on cell properties for R19 NES-capable UE, the corresponding cell can be a PCell, SCell or camped cell for another UE.
Observation 4: Additional requirement is needed if R19 NES-capable UE can perform initial cell selection on SSB-adaptable cell. E.g., adding assumption for SSB periodicity, or relaxing the total detection time for initial cell selection.
Simultaneously, apart from the usage for initial cell selection, whether the SSB-adaptable cell can be configured as a serving cell or camped cell for both R19 NES-capable UE and legacy UE is worth noticing. To be specific:
· For R19 NES-capable UE, the SSB-adaptable cell can be configured as a serving cell (include non-CA case, PCell and SCell) or camped cell (e.g. via cell reselection/selection).
· For legacy UE, since the SSB cannot be used for system information acquisition, the SSB-adaptable cell can only be configured as a SCell.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 5: The SSB-adaptable cell can be configured as:
· A serving cell (include non-CA case, PCell and SCell) or camped cell for R19 NES-capable UE.
· A SCell for legacy UE.
Adaptation of PRACH
[bookmark: OLE_LINK2]PRACH configuration is transmitted in system information, so that UE in any RRC state can get the essential information for random access procedure. The related high layer parameter prach-ConfigurationIndex configures the PRACH format and available set of PRACH occasions in time domain (e.g., PRACH periodicity, duration of RO and locations of the RO within the PRACH periodicity). After acquiring the valid RO based on PRACH configuration, frame structure and SSB transmission pattern, the UE determines the association period and the association pattern period based on SSB-to-RACH mapping configuration (indicated by parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB).
As PRACH resource adapts, the valid RO and association period/association pattern period may change accordingly, which means that the spatial information for a specific RO (i.e., the SSB beam it associate with) will be totally changed. Simultaneously, if there is a legacy UE in the cell, its PRACH resource may not change with adaptation. Thus, with the consideration of forward compatibility, it is recommended that PRACH adaptation shall not change the spatial information for RO (mapping of the association period and association pattern period).
Proposal 6: PRACH adaptation shall not change the spatial information for RO (mapping of the association period and association pattern period).
Therefore, the following alternatives to realize dynamic PRACH adaption can be further considered,
· Opt 1: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption. SSB-to-RACH mapping performs independently for each PRACH configure. Legacy UE can always configure with the basic PRACH configuration index, so that the PRACH adaptation has good forward compatibility.
· Opt 2: Adaptation between two prach-ConfigurationIndex. The PRACH configuration changes between two prach-ConfigurationIndex. It is up to gNB implementation to ensure that the mapping of association period and association pattern period does not change upon PRACH adaptation. Regarding the current design of PRACH configuration list in TS 38.211, the flexibility for gNB is relatively limited.
· Opt 3: Introduce a Cell DRX-wise cycle for PRACH. It is up to gNB implementation to ensure that the non-active period includes an integer number of PRACH association pattern period.
Proposal 7: Support the following schemes for PRACH adaptation in time domain,
· Opt 1: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption;
· Opt 2: Adaption between two prach-ConfigurationIndex;
· Opt 3: Introduce a Cell DRX-wise cycle for PRACH
Conclusions
In this contribution, we analyse the adaption of common signal/channels, include SSB, PRACH and paging adaptation, and the following proposals and observation are made:
Proposals:
Proposal 1: RAN2 should clarify which case is the PF bundling discussed in Rel-19 NES:
Case 1: the Nth bundled PF may start from the last PO of (N-1)th bundled PF;
Case 2:the Nth bundled PF starts from the next radio frame of (N-1)the bundled PF.
Proposal 2: A new IE to not bar Rel-19 NES UEs can be introduced in SIB1, similar to Rel-18 cellBarredNES.
Proposal 3: Whether  Separate paging resources for legacy UE and NES UE is decides by RAN1 and RAN2 can wait for RAN1’s progress.
Proposal 4: Do not support SSB adaptation that is only applicable for NCD-SSB/SSB that is not a CD-SSB while a CD-SSB is always transmitted in normal periodicity.
Proposal 5: The SSB-adaptable cell can be configured as:
· A serving cell (include non-CA case, PCell and SCell) or camped cell for R19 NES-capable UE.
· A SCell for legacy UE.
Proposal 6: PRACH adaptation shall not change the spatial information for RO (mapping of the association period and association pattern period).
Proposal 7: Support the following schemes for PRACH adaptation in time domain,
· Opt 1: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption;
· Opt 2: Adaption between two prach-ConfigurationIndex;
· Opt 3: Introduce a Cell DRX-wise cycle for PRACH
Observations:
Observation 1: A PO can consist of multiple time slots due to beam sweeping.
Observation 2: A PF can consist of several radio frames due to beam sweeping and multiple POs in a PF.
Observation 3: For SSB adaptation that is only applicable for NCD-SSB while CD-SSB is always transmitted in normal periodicity, 0.7%~2.7% NES gain can be obtained in various BS types and TDD/FDD structures. 
· Note that the assumption for cell load is empty load.
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