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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This paper intends to discuss RAN2 impact of adaptation of common signal/channel transmissions, which is an objective within Rel-19 NES WID led by RAN1.
At RAN1#116 meeting, the following agreements were reached for this subtopic with regard to PRACH adaptation and paging adaptation :
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)
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

Agreement during RAN2#125-bis

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)


Discussion

PRACH adaptation 
For the adaptation of PRACH, the time-domain based approach was discussed by RAN1. Specifically, the adaptation can be based on the configuration of additional or different PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs. 

Traditionally, 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 is transmitted by SIB1/RRC messages to the UE.

Hence, the first issue for RAN2 is to clarify how the gNB configure such additional or different PRACH resources for NES-capable UEs. To discuss this issue, an assumption should be made if the UE can read the SIB1 message from the serving cell. The reason is that if the SIB1 is subject to on-demand request as discussed in Rel-19 NES WID, the UE may be not able to read this additional or different PRACH resources. 

Proposal-1: RAN2 to discuss the configuration of additional or different PRACH resources for NES-capable UEs.

In legacy NR systems, the UE will use RA-RNTI to identify itself during RACH procedure. RA-RNTI is used by UE to receive Random Access Response (RAR) once PRACH is transmitted. Different RACH occasions within a system frame are associated with different RA-RNTI values to ensure that RAR for a given PRACH transmission can be properly addressed to only the UE which has used that given RACH occasion. If RA-RNTI values are same for 2 RACH occasions, then there is a chance of confusion where 2 UEs which have used different RACH occasions act on the same RAR message. To ensure this uniqueness, RA-RNTI is computed as: 
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where, 
s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14)
t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80)
f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8)
ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier)
When additional RACH resources are configured to UE, there may be a chance that RA-RNTI confusion may occur as one legacy RACH resource and an additional RACH resource have get the same RA-RNTI value.

Proposal-2: RAN2 to discuss the possibility of the occurrence of RA-RNTI confusion with additional RACH resources.

The PRACH adaptation can be subject to the control of the network, which means the network may be able to activate or deactivate such operation. As discussed by RAN1, different approach may be used for such notification to the UEs e.g. dynamic signaling and/or semi-static signaling. From high layer perspective, RAN2 may need to decide a mechanism (e.g. MAC CE based or RRC message based) for activation or deactivation of PRACH adaptation. 

Proposal-3: RAN2 to discuss the possible mechanism (e.g. MAC CE based or RRC message based) to activate or deactivate PRACH adaptation operation.

Paging adaptation
In legacy NR systems, the UE get the paging time-domain occasion information (i.e., DRX periodicity, PF/PO position) through the configuration parameters transmitted within SIB1 message or dedicated RRC message. The UE can acquire the specific PDCCH monitoring occasion for paging through the actual SSB blocks sent in one SSB-burst and the corresponding search space configuration. 

For the UEs in RRC_IDLE/RRC_INACTIVE, they determine the corresponding PF/PO based on the UE_ID and the calculation formula in TS38.304 (copied as below). 
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
For legacy UEs, we assume that its calculation of the PF/PO should not be impacted. However for Rel-19 UEs, we think that an adaptable paging pattern may be configured using new configuration parameters. RAN2 needs to discuss how this new configuration parameters be conveyed to the Rel-19 UEs. In addition, we think that the adaptable paging pattern can be based on the existing calculation by simply adjusting the DRX period, and PF/PO density. This means we may maintain the same PF/PO calculation formula in TS38.304 but allow a bit for example sparse distribution of the PF/PO via parameter adjustment.   
Proposal-4: RAN2 to discuss how the PF/PO calculation formula is adjusted to allow an alternative paging pattern for paging adaptation.
Proposal-5: RAN2 to discuss how the new configuration parameters to calculate the alternative paging pattern for paging adaptation be conveyed to Rel-19 UEs.

Legacy UE handling
It has been proposed to adapt paging occasions for Rel-19 NES-capable UEs coexisting with legacy POs. However, the network cannot know whether legacy UEs are camping on an NES cell. And if the NES cell happens to be in a legacy UE’s tracking area, then the NES cell will be forced to broadcast legacy paging.
Hence, accepting legacy UEs would negate any Rel-19 UEs NES gains, so having both legacy and Rel19 NES-capable UEs paging resources will not provide any NES gains.
Thus, paging adaptation NES gains, if applicable, can only be achieved with NES-capable UEs.
Proposal-6: For Paging adaptation, prevent the access of legacy UE via barring.
Conclusion and Proposal
We have the following proposals:

Proposal-1: RAN2 to discuss the configuration of additional or different PRACH resources for NES-capable UEs.
Proposal-2: RAN2 to discuss the possibility of the occurrence of RA-RNTI confusion with additional RACH resources.
Proposal-3: RAN2 to discuss the possible mechanism (e.g. MAC CE based or RRC message based) to activate or deactivate PRACH adaptation operation.
Proposal-4: RAN2 to discuss how the PF/PO calculation formula is adjusted to allow an alternative paging pattern for paging adaptation.
Proposal-5: RAN2 to discuss how the new configuration parameters to calculate the alternative paging pattern for paging adaptation be conveyed to Rel-19 UEs.
Proposal-6: For Paging adaptation, prevent the access of legacy UE via barring.
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