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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
[bookmark: OLE_LINK246][bookmark: OLE_LINK247]From the evaluation result of 3GPP Rel-18 work item “Study on network energy savings for NR”, reducing the number of reception signals of PRACH can saving the network energy. The following objective has been agreed on adapting PRACH signal for Rel-19 NES: 
Agreement
[bookmark: OLE_LINK11]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
· [bookmark: OLE_LINK18]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: 
· [bookmark: OLE_LINK13]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
· [bookmark: OLE_LINK19]FFS: SSB-RO mapping for the additional PRACH resources 

Agreement
Support adaptation mechanisms of PRACH in time-domain for following:   
· UE in idle/inactive mode
· UE in connected mode

[bookmark: OLE_LINK10]Agreement
For adaptation of PRACH in spatial domain, 
· Study possibility of scenarios with non-uniform distribution of UEs in different beams 
· Note 6: Companies are encouraged to provide details on how they map UEs to different beams
· Study network energy savings gain achieved by non-uniform PRACH resource allocation across SSBs for scenarios with non-uniform distribution of UEs in different beams (if any), 
· Assume the following framework for network energy evaluation in FR1 and companies to report at least the below settings used in the evaluation/simulation
· 20ms SSB period
· 30kHz SCS, DDDSU TDD pattern
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E1: PRACH configurations 
· (legacy) PRACH resources according to the following PRACH configuration for all transmitted SSBs
· Case A1-1: PRACH configuration #5 (20ms) 
· Case A1-2: PRACH configuration #17 (10ms) 
· Case A2-1: PRACH configuration #0 (160ms) 
· (time-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration for all transmitted SSBs
· Case B1: PRACH configuration #17 (10ms) 
· Case B2: PRACH configuration #0 (160ms)
· Companies to report details of assumed time domain adaptation mechanism 
· (spatial-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration 
· Case C1: PRACH configuration #17 (10ms) 
· Case C2: PRACH configuration #0 (160ms)
· Companies to report details of assumed spatial domain adaptation mechanism, including details of non-uniform PRACH resource allocation across SSBs
· Setting F: Cat 1/Cat 2 BS as defined in TR38.864
· Setting G1: Number of SSB beams: 4,8 SSBs in a SSB burst with SSB pattern case C
· Note 1: Baseline to compare is Case C1 vs Case B1/A1-1/A1-2, Case C2 vs Case B2/A2-1
· Note 2: It is up to company to report the SSB-RO mapping ratio and FDMed RO number, etc
· Note 3: Other PRACH configuration index with different PRACH format other than format 0 is not precluded
· Note 4: Other SSB/SIB1/RACH periodicity/PRACH resource/configuration assumptions are not precluded (up to companies to report)
· Other frameworks for network energy evaluation are not precluded, e.g. including for FR2


In this paper, we discuss the details of adaption of PRACH in time-domain and spatial domain.
[bookmark: OLE_LINK65][bookmark: OLE_LINK17][bookmark: _Toc53783605]2	For adaptation of PRACH in time-domain and spatial domain
[bookmark: OLE_LINK15]The network indicates RACH occasion duration by prach-ConfigurationIndex via SIB1 or RRC message. In legacy NR, the RACH format and RACH occasion duration associated to each SSB is same.
[bookmark: OLE_LINK47]In practice, the coverage of each SSB is different. As shown in Figure 1, SSB1/SSB2 are cell centre SSB and the SSB3 is cell edge one. gNB would like to choose a longer preamble format for legacy UE to guarantee PRACH detectability of UEs under the coverage of SSB3. However, a shorter preamble with shorter PRACH RO duration could support the detection of cell centre UEs. 
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[bookmark: OLE_LINK225]Figure 1: 3 SSB beam wireless communication system
[bookmark: OLE_LINK16]As per RAN1 agreement, the network could configurate the additional PRACH resource to R-19 UE, and the SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs. It could further reduce uplink signal by supporting configurated different PRACH format to additional ROs which associated with different SSBs. The time domain resource comparison is given in figure 2, where A-RO is additional RACH occasions associated with additional RACH resource for short.
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[bookmark: OLE_LINK21]Figure 2: Time-domain resource of legacy RACH occasion and non-uniform additional RACH occasion
[bookmark: OLE_LINK81][bookmark: OLE_LINK25]Observation 1: Configurate non-uniform preamble format additional RACH occasions could further save the network energy.
[bookmark: OLE_LINK73]As the preamble format are non-uniform, the additional RACH resource configuration IE should provide a list of the format/RO duration indication and the associated SSB of additional ROs. Thus, it is not suitable to reuse the legacy PRACH configuration IE. We suggest defining a new IE for additional RACH resources configuration, The details of new IE should be discussed with RAN2.
[bookmark: OLE_LINK26]Proposal 1: Not reuse legacy RACH configuration IEs but define a new information element for additional RACH resource configuration.
Moreover, to optimize the time-domain resource allocation of PRACH, e.g. concentrate the ROs, the SSB-RO mapping method of additional PRACH resource would be associated with site-special SSB beam map. It is better to let gNB define the site special SSB-RO mapping list but not pre-defined by 3GPP. The associated SSB index of each additional RO should be provide by additional RACH resource configuration message explicitly.
[bookmark: OLE_LINK27][bookmark: OLE_LINK20]Proposal 2: The SSB-RO mapping of additional PRACH resource is up to gNB implementation and need not to be predefined by 3GPP as the legacy RO do. The associated SSB index of each additional RO should be provide by additional RACH resource configuration message explicitly.
In my view, PRACH adaption should be support by both SA and NSA mode, additional RACH resource configuration IEs should be contained in both SIB1 and RRC message. 
However, considering there will be up to 64 SSB beam and numerical additional RACH resource than SSB, the overhead of all additional RACH resources’ information will be huge. It is not energy friendly to reuse the legacy RACH configuration process, which let SIB1 periodically broadcast all additional RACH resource information. Letting the SIB1 contains the additional RACH occasion information who associated with same SSB as the SIB associate with only could get significant energy saving gain. As the RRC configuration message will provide the list which contain information of all additional RACH resource. The UEs, except the special ones who is RRC IDLE and moves to where is covered by another SSB and tiggers initial access before system information update, could get the additional RACH occasion information associated with the appreciated SSB, and could trigger a random access at additional RACH occasion if needed. The special UE without any additional RACH occasion information associated with the appreciated SSB would transmit PRACH based on legacy RACH occasion.
[bookmark: OLE_LINK2][bookmark: OLE_LINK28]Proposal 3: SIB1 contains the additional RACH occasion information associated with same SSB with the SIB1 associated with only. And the RRC message should contains all additional RACH occasions. 
[bookmark: OLE_LINK3]
3	Conclusions
In this contribution, the following observation has been made:
Observation 1: Configurate non-uniform preamble format additional RACH occasions could further save the network energy.
In addition, the following proposal has been made:
Proposal 1: Not reuse legacy RACH configuration IEs but define a new information element for additional RACH resource configuration.
Proposal 2: The SSB-RO mapping of additional PRACH resource is up to gNB implementation and need not to be predefined by 3GPP as the legacy RO do. The associated SSB index of each additional RO should be provide by additional RACH resource configuration message explicitly.
Proposal 3: SIB1 contains the additional RACH occasion information associated with same SSB with the SIB1 associated with only. And the RRC message should contains all additional RACH occasions. 
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