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Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]Rel-19 NES WI has been approved in RAN#102 [1]. The WID describes the following objective on the adaptation of common signal/channel transmissions. 
	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 contribution, we would like to discuss and provide our views on the adaptation of common signal/channel transmissions.
[bookmark: OLE_LINK626][bookmark: OLE_LINK627][bookmark: OLE_LINK301][bookmark: OLE_LINK302]Discussion
 Adaptation of SSB in time domain
In RAN1#116 meeting, there are the following agreements on the adaptation of SSB in time domain [2].
	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

 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 
· [bookmark: _Hlk162285103]Applicability to PCell and/or SCell(s)
 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



For the adaptation of SSB, it is necessary to determine applicable scenarios before discussing how to adapt SSB in time domain. As shown in the agreement, RAN2 may first discuss applicability to UE in RRC_idle/inactive and/or connected mode, and applicability to PCell and/or SCell.
As specified in TS38.213, for initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames. Thus, adaptation of SSB in time domain, e.g., adaptation of SSB burst periodicity or skipping some SSB transmission, would have negative impact on the RRC_idle/inactive UE. 
In the WID, it is emphasized that negative impact to legacy UEs should be avoided unless there are significant benefits. For legacy RRC_connected UEs, adaptation of SSB can be notified to the UEs through existing ways, e.g., RRC reconfiguration or SI update. And for legacy RRC_idle/inactive UEs, adaptation of SSB may cause initial access latency or access failure. 
Therefore, to avoid negative impact on both legacy and Rel-19 NES idle/inactive UEs, legacy UEs can be prevented from accessing the network using cell barring. And Rel-19 NES-capable UEs can be provided SSB assumption with an enlarged periodicity to satisfy the requirement of adaptation of SSB periodicity. 
Proposal 1: Support adaptation of SSB in both PCell and SCell, and for both RRC_connected UEs and RRC_idle/inactive UEs with the following conditions:
· For adaptation of SSB operation, legacy UEs are prevented from accessing the network by cell barring, and Rel-19 NES UEs can be provided assumed SSB with a periodicity larger than 20ms. 
Among the above adaptation mechanisms mentioned in RAN1 agreement, adaptation of SSB burst periodicity and adapting the number of SSBs within a SSB burst can provide comparable network energy saving gains with less specification impact. They should be prioritized in Rel-19 NES discussion.  
Proposal 2. For adaptation of SSB in time domain, the following adaptation mechanism can be considered. 
· Adapting SSB periodicity
· Adapting the number of SSBs within a burst
 Adaptation of PRACH in time domain 
In RAN1#116 meeting, there are the following agreements on the adaptation of PRACH in time domain [2].
	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
Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)



As shown above, the adaptation mechanism of additional PRACH resources for NES-capable UEs are agreed. NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs. In high load or medium load case, the legacy and additional RPACH resources are both active, and in case of low load and low number of UE accesses, additional PRACH resources are deactivated to achieve energy saving gain. 
For random access in additional PRACH resource, RAN2 should discuss what type of random access and what type of contention type is supported, and whether both random-access operation for RRC_idle/inactive UEs and random-access operation for RRC-connected UEs are supported.
3GPP has specified random access operation relevant features to fit in different type of circumstances. The 4-step RACH was introduced as part of the first NR release, 3GPP Rel.15, and 2-step RACH was further specified in Rel-16 to simplify the random-access procedure. Besides, there are two type of contention procedure: contention based random access (CBRA) and contention free random access (CFRA). In CBRA, UE selects preamble randomly from a pool of preamble shared with other UEs. While in CFRA, UE is indicated, either by RRC or PDCCH order, a dedicated preamble. In addition, In RRC-idle/inactive state, the UE can perform initial access, and in RRC-connected mode, the UE can perform random access trigged by different events, such as handover, beam failure recovery, SI request, PDCCH order, uplink date arrival and so on. Therefore, before discussing additional PRACH resource configuration/indication, the random access type and the applicable RRC states in additional PRACH resources should be first discussed.
For 4-step and 2-step random access, there are two possible options. One option is to support both 4-step and 2-step random access for additional RPACH resources, and the other option is to support 4-step random access first and deprioritize 2-step random access. Considering 2-step random access is an optional function, and it can be applied only in good RSRP scenario, and it may cause larger signaling overhead, such as PUSCH configuration, therefore, option 1 has full flexibility and no restriction for random access while option 2 has less signaling overhead and specification impacts. 
Proposal 3: RAN2 to discuss whether the following type of random access should be supported for additional PRACH resource for NES UEs.
· Option1: Support both 4-step RA and 2-step RA.
· Option2: Support only 4-step RA. 
For CBRA and CFRA, there are also two possible options. Option 1 is to support both CBRA and CFRA, and Option 2 is to support only CFRA (FFS: CBRA). CFRA can be controlled by gNB. Compared with CBRA, CFRA is easier for gNB to make decision of adaptation of PRACH in time domain. However, NR supports both CBRA and CFRA procedure, and the normative work to support random access in additional RPACH resources should cover CBRA and CFRA. Option 1 has more flexibility and no restriction while Option 2 has an easier gNB implementation. 
Proposal 4: RAN2 to discuss which of the following options on contention types should be supported for additional PRACH resource for NES UEs.
· Option1: Support both CBRA and CFRA.
· Option2: Support only CFRA. 
 Adaptation of paging occasions
In RAN1#116 meeting, there are following agreements on the adaptation of paging [2]:
	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


The current paging configuration is provided in SIB1 as specified in TS 38.331: 
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},

The PF/PO determination is specified in TS 38.304:
	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
…
The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE.
…
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID:
If the UE operates in eDRX as specified in clause 7.4:
-	5G-S-TMSI mod 4096
else:
-	5G-S-TMSI mod 1024


According to the current specification, the PFs/POs of different UEs are uniformly distributed in the time domain. An example is shown in the following figure, assuming that T = 16 radio frames, N=T/4, Ns=2, and PF_offset=0. By the current PF/PO determination scheme, the gNB needs to wake up frequently to transmit paging messages, which consumes a lot of network energy. 


Figure 1 Example of legacy PF/PO

Scenario: 
In a Rel-19 NES cell with paging adaptation, there can be both non-NES UEs and NES UEs. For the legacy UEs, the legacy PCCH-config should continue to be used for the determination of PF/PO. For the NES UEs, a new paging configuration may be needed to confine the paging occasions in the time domain. Therefore, we have the following proposal: 
Proposal 5: The NES paging configuration is configured separately from the legacy PCCH-config. 

PF/PO determination of NES UEs: 
In order to let the gNB have more time to sleep to save energy, there could be two options:
· Option 1: Confine the PFs in the time domain. 
· Option 2: Confine the POs in the time domain. 
Assuming the total POs of non-NES UEs and NES UEs are not changed, the number of legacy PFs and legacy POs can be reduced. 
In option 1, the PFs of the NES UE can be close to the PFs of non-NES UEs. For example, the PFs of NES UEs can have an offset to the PFs of the non-NES UEs. In the example shown in Figure 2, N is reduced to T/8 for the non-NES UEs and the PFs of NES Ues are next to the legacy PFs. 


Figure 2 Example of confining PFs in the time domain
In option 2, the Pos of NES Ues can be close to the legacy Pos. Similar to Option 1, the Pos of NES Ues can have an offset to the Pos of non-NES Ues. In the example shown in Figure 3, N is reduced to T/8 for the non-NES UEs and the POs of NES UEs are next to the legacy POs.


Figure 3 Example of confining POs in the time domain
In our understanding, both Option 1 and Option 2 can be used for the adaptation of paging occasions. The gNB can have longer sleep time to save its power. Therefore, we propose RAN2 to discuss these options. 
Proposal 6: RAN2 is proposed to discuss the following options for the adaptation of paging occasions:
· Option 1: Confine the PFs in the time domain. 
· Option 2: Confine the POs in the time domain. 
 
Conclusion
[bookmark: OLE_LINK3]In this contribution, we have some discussions about the adaptation of common signals or channels, and the following proposals are made:
Proposal 1: Support adaptation of SSB in both PCell and SCell, and for both RRC_connected UEs and RRC_idle/inactive UEs with the following conditions:
· For adaptation of SSB operation, legacy UEs are prevented from accessing the network by cell barring, and Rel-19 NES UEs can be provided assumed SSB with a periodicity larger than 20ms. 
Proposal 2. For adaptation of SSB in time domain, the following adaptation mechanism can be considered. 
· Adapting SSB periodicity
· Adapting the number of SSBs within a burst
Proposal 3: RAN2 to discuss whether the following type of random access should be supported for additional PRACH resource for NES UEs.
· Option1: support both 4-step and 2-step.
· Option2: support only 4-step.
Proposal 4: RAN2 to discuss which of the following options on contention types should be supported for additional PRACH resource for NES UEs.
· Option1: support both CBRA and CFRA.
· Option2: support only CFRA.
Proposal 5: The NES paging configuration is configured separately from the legacy PCCH-config. 
Proposal 6: RAN2 is proposed to discuss the following options for the adaptation of paging occasions:
· Option 1: Confine the PFs in the time domain. 
· Option 2: Confine the POs in the time domain. 
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