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[bookmark: _Ref162683541]Introduction
[bookmark: _Hlk134110406]It has been agreed to specify adaptation of common signal/channel transmissions for R19 NES. The corresponding objective is given as follows [1]:
	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 RAN2#125bis meeting, RAN2 has discussed the issues of adaptation of paging and achieved the following 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.	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 considerations on adaptation of common signal/channel transmissions.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
[bookmark: _Hlk161669899]2.1 Adaptation of SSB
It is noted in the WID that negative impacts to legacy UEs should be avoided, unless significant benefits are shown.
SSB transmission is important for cell search and initial access. The SSB periodicity is configured in SIB1 or RRC dedicated signalling via field ssb-periodicityServingCell, with a value ranging from 5ms to 160ms. For initial access, the UE always assumes the SSB periodicity is 20ms, as captured in TS 38.213:
	A UE can be provided per serving cell by ssb-periodicityServingCell a periodicity of the half frames for reception of the SS/PBCH blocks for the serving cell. If the UE is not configured a periodicity of the half frames for receptions of the SS/PBCH blocks, the UE assumes a periodicity of a half frame. A UE assumes that the periodicity is same for all SS/PBCH blocks in the serving cell.
For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames. 


In legacy mechanism, it is already possible by gNB implementation to change the SSB periodicity. In RAN1#116bis, the following has been agreed, which can be taken as a starting point for RAN2 discussion:
	Agreement
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger


From RAN2 perspective, we think one simple solution for adapting the SSB transmission in the time domain is to dynamically change the SSB periodicity or activate additional resources. Legacy UEs are configured with a larger periodicity and will not benefit from the additional SSB occasions, while R19 NES UEs can be aware of the additional SSB occasions which are dynamically enabled/disabled by some signalling faster than RRCReconfiguration/SI update.
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Proposal 1: For SSB adaptation, SSB periodicity can be dynamically adapted or additional resources are dynamically activated/deactivated for R19 NES UEs, while legacy UEs are configured with a larger SSB periodicity and will not benefit from the additional SSB occasions.
RAN1 has discussed the applicable scenarios for SSB adaptation, and has agreed that the mechanism is supported for the cell with both legacy UEs and R19 NES UEs, and both PCell and SCell are considered for Connected mode UEs. It is still FFS whether UEs in Idle/Inactive mode UEs are taken into account, which might affect whether L1 signalling or MAC CE is used for informing the SSB adaptation, and RAN2 can wait for further RAN1 progress on this. It is also FFS whether the adaptation for SSB is for CD-SSB or NCD-SSB and whether to consider SSBs not on sync raster, we think this is also related to accommodating Idle/Inactive mode UEs, since Idle/Inactive UEs will only consider CD-SSBs on the sync raster for initial access.
	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



2.2 Adaptation of RACH
On the following objective:
	· 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


RAN1 is studying the details and NES gain of PRACH adaptation in spatial domain, and has identified some potential spec impacts: 1) PRACH configuration method, 2) SSB-to-RO mapping, 3) additional UE behaviour for RO selection [3]. The benefits should be studied and evaluated by RAN1, while RAN2 can study the RAN2 spec impact on non-uniform PRACH resources per SSB in parallel. If the spec impact is too much, RAN2 may conclude that the RACH adaptation is not pursued in the R19 timeframe.
Based on the MAC spec, RA resource may be used for basic R15 feature and also for many new features introduced in R17/18 (e.g. SDT, (e)RedCap, slicing, MSG1 repetition, MSG3 repetition, LTM, MIMO 2TA operation etc). For R17/18 feature separate RA resource are configured. The corresponding spec impacts on RA related features including R15 and later releases need to be further investigated.
Proposal 2: RAN2 to study the spec impacts for all features with non-uniform PRACH resources per SSB, including R17 and R18 features (e.g. SDT, (e)RedCap, slicing, MSG1 repetition, MSG3 repetition, LTM, MIMO 2TA operation etc).
Currently, the RA resource are associated with all transmitted SSB indicated in SIB1 and UE can select any SSB once the SS-RSRP is qualified. We think the following cases need to be considered for non-uniform PRACH resources per SSB.
· If a transmitted SSB is not associated with RA resource, the RA selection is different from the legacy, e.g. this SSB should be precluded for selection even the RSRP is qualified. 
· If a transmitted SSB is associated with fewer RA resources but another SSB is associated with many RA resources, should we have some selection priority to select the SSB with many RA resources or fewer RA resources if both SSB are qualified.
Proposal 3: RAN2 to study the spec impact for RA resource selection with non-uniform PRACH resources per SSB.
2.3 Adaptation of paging 
In this clause, we discuss the two remaining issues from RAN2#125bis meeting: compatibility with legacy UEs, and the solution for adapting paging occasions.
· Compatibility with legacy UEs
In the previous meeting, the following two options were identified for accommodating legacy UEs:
- 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)
On Option 1 (barring legacy UEs):
During R18 NES study item phase, RAN1 has discussed common signalling adaptation including paging enhancement, and it is captured in TR 38.864 that legacy UEs follow legacy paging reception procedure in the NES cell:
	[bookmark: _Hlk165996365]For (technique A-1-4) the paging enhancement where paging resources are grouped in a compact manner, potential specification impact of the enhancements from paging transmission includes the following:
-	paging reception procedure (RAN2), i.e., identification of POs and PFs for Rel-18 UEs,
-	UEs that do not support the technique are expected to follow legacy paging reception procedure in the cell.


From our perspective, the motivation of this objective is to allow both R19 UEs and legacy UEs to camp on the NES cell. The gNB is not prohibited from using the R18 NES cell bar in MIB anyway but no additional spec impact is needed to prevent legacy UEs from receiving paging in the R19 NES cell.
Besides, RAN1 has agreed in the previous meeting that for RACH adaptation, legacy UEs are not excluded, we think the same principle holds for SSB adaptation and paging adaptation as well, considering paging/SSB/RACH resources are all essential components for the Idle/Inactive UEs to access an NES cell:
	Agreement
For adaptation of PRACH in time-domain, support at least the following: 
· Adaptation based on additional 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
· Configuration of additional PRACH resources is provided by semi-static signalling
· FFS: details including whether there is overlap of additional PRACH resources and PRACH resources for legacy UEs
· FFS: adaptation mechanism for additional PRACH resources
· Note: No change to the existing PRACH configuration tables in 38.211
Agreement
For adaptation of PRACH in time-domain, support the following: 
· SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs (if any)
· FFS: whether/how to handle SSB-RO mapping if the additional PRACH resources overlap in both time and frequency with the PRACH resources for legacy UEs
· Note: SSB-RO mapping of the PRACH resources for legacy UEs is not impacted if Rel-19 UE uses these PRACH resources
· FFS: SSB-RO mapping for the additional PRACH resources 


Proposal 4: No additional spec impact in R19 to prevent legacy UEs from accessing an R19 NES cell capable of common signal adaptation. The same principle applies to SSB/RACH/Paging adaptation.
On Option 2 (Separate paging configuration):
In our understanding, separate paging resources refer to separate paging configuration/parameters. We think it is reasonable since legacy UEs can only comprehend legacy configuration. The network needs to configure additional paging pattern for R19 UEs, and the NES gain comes from how to distribute the R19 UEs.
Proposal 5: Additional paging configuration/parameter is provided to R19 UEs. R19 UEs only monitor the R19 paging configuration.
· Adaptation of paging occasions
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
In legacy mechanism, the PFs and POs are distributed evenly in the paging cycle, and this discontinuous reception of paging is designed for UE power saving, i.e. the UE monitors one PO per cycle.
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The paging related parameters from TS 38.331 are excerpted below:
PCCH-Config ::=             SEQUENCE {
    defaultPagingCycle                  PagingCycle,
    nAndPagingFrameOffset               CHOICE {
        oneT                                NULL,
        halfT                               INTEGER (0..1),
        quarterT                            INTEGER (0..3),
        oneEighthT                          INTEGER (0..7),
        oneSixteenthT                       INTEGER (0..15)
    },
    ns                                  ENUMERATED {four, two, one},
    firstPDCCH-MonitoringOccasionOfPO   CHOICE {
        sCS15KHZoneT                                                                SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),
        sCS30KHZoneT-SCS15KHZhalfT                                                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),
        sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                                 SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),
        sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT             SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),
        sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),
        sCS480KHZoneT-SCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
        sCS480KHZhalfT-SCS120KHZoneEighthT-SCS60KHZoneSixteenthT                    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
        sCS480KHZquarterT-SCS120KHZoneSixteenthT                                    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
    }      OPTIONAL,           -- Need R
    ...,
    [[
    nrofPDCCH-MonitoringOccasionPerSSB-InPO-r16        INTEGER (2..4)               OPTIONAL  -- Cond SharedSpectrum2
    ]],
    [[
    ranPagingInIdlePO-r17                              ENUMERATED {true}            OPTIONAL,  -- Need R

    firstPDCCH-MonitoringOccasionOfPO-v1710  CHOICE {
       sCS480KHZoneEighthT        SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..35839),
       sCS480KHZoneSixteenthT     SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..71679)
}                                                                                  OPTIONAL  -- Need R
    ]]
}
Two solutions have been identified in the previous meeting
a) bundle paging frames
This option aims to confine PFs into consecutive frames. It requires changing the PF calculation formula, e.g. (SFN + PF_offset) mod T = (T div N)*(UE_ID SubGroup_ID mod N) [4], or (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N) [5].
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
Currently, nAndPagingFrameOffset allows configuring as few as T/16 PFs per paging cycle, some smaller value than T/16 can be introduced to allow fewer PFs per paging cycle; and currently ns allows configuring as many as 4 POs per PF, some larger value can be introduced to allow more POs per PF. Extending the current values will not change the current PF and PO calculation formula and can also decrease the number of PFs leading to large sleep chance.
In both solutions, the NES gain comes from offloading the R19 NES paging messages to condensed POs so the probability for sending paging messages in POs only monitored by legacy UEs will decrease. Take CN paging as an example, the gNB receives paging message from the AMF, and if there is no intended UEs in the upcoming PO (the monitored PO for the intended UEs may occur in later occasions) the gNB does not need to generate a paging message on the radio interface and may have an opportunity for entering sleep states. 
Both solutions can only apply to the case where network overload is low, otherwise the legacy UEs may already occupy most of the POs and the paging enhancement will only lead to additional POs brought by NES UEs and the gNB power consumption will be increased instead of reduced.
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Among the two solutions, the second option brings less spec impact and is preferred from our perspective.
Proposal 6: Values ranges of nAndPagingFrameOffset and ns can be extended to allow configuring fewer PFs per paging cycle and more POs per PF.
Conclusion
[bookmark: OLE_LINK3]In this contribution, we discussed the adaptation of common signal/channel transmissions, and made the following proposals:
Proposal 1: For SSB adaptation, SSB periodicity can be dynamically adapted or additional resources are dynamically activated/deactivated for R19 NES UEs, while legacy UEs are configured with a larger SSB periodicity and will not benefit from the additional SSB occasions.
Proposal 2: RAN2 to study the spec impacts for all features with non-uniform PRACH resources per SSB, including R17 and R18 features (e.g. SDT, (e)RedCap, slicing, MSG1 repetition, MSG3 repetition, LTM, MIMO 2TA operation etc).
Proposal 3: RAN2 to study the spec impact for RA resource selection with non-uniform PRACH resources per SSB.
Proposal 4: No additional spec impact in R19 to prevent legacy UEs from accessing an R19 NES cell capable of common signal adaptation. The same principle applies to SSB/RACH/Paging adaptation.
Proposal 5: Additional paging configuration/parameter is provided to R19 UEs. R19 UEs only monitor the R19 paging configuration.
Proposal 6: Values ranges of nAndPagingFrameOffset and ns can be extended to allow configuring fewer PFs per paging cycle and more POs per PF.
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