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[bookmark: _Ref513464071]Introduction
The Rel-19 WID on Enhancements of network energy savings for NR [1] has the following sub-objective to study adaptation of PRACH in spatial domain to done by Q2 2024:
	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 RAN1#117 [2], the study on PRACH adaptation in spatial domain was done and following conclusion was made:
	Conclusion
There is no consensus in RAN1 on the support of PRACH adaptation in spatial domain


In this contribution, we discuss the observations from the study and the potential way-forward for enabling PRACH adaptation in spatial domain in Rel-19. 
Discussion
Enabling PRACH adaptations in spatial domain
In RAN1#117 [2], companies provided evaluation results showing the NES performance of PRACH adaptations in spatial domain. The observations (in Appendix) from the evaluations indicate reasonable amount of NES gains for such PRACH adaptations. As an example, the NES gains from 7 sources achieved for a TDD configuration when using CAT1 BS power model with zero load ranges from 0 to 31%, with an overall mean of 11.4%. Such NES gains for the PRACH adaptation in spatial domain are achieved with respect to a baseline case corresponding to a PRACH configuration with 10ms periodicity where the RACH occasions (ROs) are distributed uniformly across all transmitted SSBs.
Observation 1: 	Reasonable amount of NES gains (e.g. up to 31%, with mean of 11.4%) are achievable when supporting PRACH adaptation in spatial domain.
From the analysis of the evaluation results [2], the NES gains achieved are due to muting/reduction of the time domain ROs assigned per each transmitted SSB. In essence, by reducing the overall time domain ROs assigned to the SSBs that are associated with the coverage areas where the UEs are sparsely located it is feasible to achieve NES gains.
Observation 2: 	NES gains achieved for PRACH adaptation in spatial domain are due to muting/reduction of the overall time domain ROs associated with the transmitted SSBs 
In RAN1#116bis [3] and RAN1#117 [2], several mechanisms for enabling PRACH adaptations in time domain were discussed and to this end, considerable progress has been made. For the adaptation of PRACH in time domain, additional PRACH resources for NES-capable UEs are supported in addition to PRACH resources for legacy UEs. In this case, NES-capable UEs can use both the additional PRACH resources and PRACH resources for legacy UEs. It has also been agreed to support SSB-RO mapping for the additional PRACH resources that is separate from the SSB-RO mapping used for the legacy PRACH resources. 
In this regard, the same mechanism that is to be supported for PRACH adaptation in time domain based on the configuration/indication of a separate SSB-RO mapping for the additional PRACH resources can also be applied for PRACH adaptation in spatial domain. The difference is for the spatial domain PRACH adaptation only a subset of the SSBs in the SSB-RO mapping may be assigned to any of the additional ROs.  
Observation 3: 	The same mechanism to be supported for PRACH adaptation in time domain based on the configuration/indication of a separate SSB-RO mapping for the additional PRACH resources can be applied for PRACH adaptation in spatial domain.
Since the solution approach for both time domain and spatial domain PRACH adaptations is common, both can be handled under the WID’s existing sub-objective [1] to specify adaptation of PRACH in time domain. 
Proposal 1: 	The adaptation of PRACH in spatial domain to be handled under the adaptation of PRACH in time domain   
Additionally, a sub-bullet can be added under PRACH adaptation in time domain to account for the applicable mapping approach for enabling PRACH adaptation in spatial domain. As such, we make the following proposal: 
Proposal 2: 	Add the following under the sub-objective on adaptation of PRACH in time domain: 
· [bookmark: _Hlk168466613]Specify, if justified, mapping of additional PRACH resources to only a subset of SSBs

[bookmark: _Hlk142771092]For the ongoing WI on enhancements for NES, the existing workload is not expected to change with the proposed update to the WID and thus, the existing number of TUs can be maintained. This is based on the progress that has already been made in RAN1 for supporting PRACH adaptations in time domain. 
Summary
In this contribution, the following observations on PRACH adaptation in spatial domain were made:
Observation 1: 	Reasonable amount of NES gains (e.g. up to 31%, with mean of 11.4%) are achievable when supporting PRACH adaptation in spatial domain.
Observation 2: 	NES gains achieved for PRACH adaptation in spatial domain are due to muting/reduction of the overall time domain ROs associated with the transmitted SSBs 
Observation 3: 	The same mechanism to be supported for PRACH adaptation in time domain based on the configuration/indication of a separate SSB-RO mapping for the additional PRACH resources can be applied for PRACH adaptation in spatial domain.
Based on the observations, the following proposals are made:
Proposal 1: 	The adaptation of PRACH in spatial domain to be handled under the adaptation of PRACH in time domain   
Proposal 2: 	Add the following under the sub-objective on adaptation of PRACH in time domain: 
· Specify, if justified, mapping of additional PRACH resources to only a subset of SSBs 
Appendix: Observations on Adaptation of PRACH in spatial domain
	Agreement
For the study of adaptation of PRACH in spatial domain, following network energy savings gains were reported by sources based on the evaluation framework agreed in RAN1#116bis:
· Two sources showed following NES gain for TDD, CAT1 BS power model, case C1 vs A1-1, zero load [R1-2404409, R1-2405107]
· -4% ~ -45% 
· Seven sources showed following NES gain for TDD, CAT1 BS power model, case C1 vs B1/A1-2, zero load [R1-2404225, R1-2404185, R1-2404334, R1-2404123, R1-2404562, R1-2405107, R1-2405163]
· 0% ~ 31% 
· Note: Five sources assumed that case B1 has same PRACH resources as case A1-2. Remaining two sources evaluated only A1-2.
· Note: Three sources showed NES gains 0% ~ 10% [R1-2404225, R1-2404185, R1-2404334]
· One source showed following NES gain for TDD, CAT1 BS power model, case C1 vs B1, zero load [R1-2404464]
· 1.0%~8.8% 
· Note: The evaluation results provide the extra NES gain of spatial domain PRACH adaptation compared to time domain PRACH adaptation, where spatial domain and time domain PRACH adaptations are based on dynamic switching between PRACH resources according to two PRACH configuration indexes.
· One source showed following NES gain for TDD, CAT1 BS power model, case C1 vs B1, zero load [R1-2404626]
· -48.41%~0%
· Note: For B1, it was assumed that periodicity of PRACH resources can be adapted. For C1, it was assumed that periodicity of PRACH resources is not adapted and some ROs within a periodicity can be deactivated.
· One source showed following NES gain for TDD, CAT1 BS power model, for case C1 vs A1-2, zero load [R1-2404626]
· 4.59%~38.04% 
· Note: For C1, it was assumed that periodicity of PRACH resources is not adapted and some ROs within a periodicity can be deactivated. 
· Four sources showed following NES gain for TDD, CAT2 BS power model, case C1 vs B1/A1-2, zero load [R1-2404562, R1-2404225, R1-2403943, R1-2404626]
· 0% ~ 3.5% 
· Note: Three sources assumed that case B1 has same PRACH resources as case A1-2. One source evaluated only A1-2.
· One source showed following NES gain for TDD, CAT2 BS power model, case C1 vs B1, zero load [R1-2404464]
· 0%~0.2% 
· Note: The evaluation results provide the extra NES gain of spatial domain PRACH adaptation compared to time domain PRACH adaptation, where spatial domain and time domain PRACH adaptations are based on dynamic switching between PRACH resources according to two PRACH configuration indexes
· One source showed following NES gain for TDD, CAT2 BS power model, case C1 vs B1, zero load [R1-2404626]
· -1.19%~0% 
· Note: For B1, it was assumed that periodicity of PRACH resources can be adapted. For C1, it was assumed that periodicity of PRACH resources is not adapted and some ROs within a periodicity can be deactivated.
· Two sources showed following NES gain for TDD, CAT1 or CAT2 BS power model, case C2 vs B2, zero load [R1-2403943, R1-2405107]
· Less than 0.2% 
· One source showed following NES gain for TDD, CAT1 BS power model, (C1 vs A1-2 with changed PRACH format), PRACH format A, 10ms PRACH periodicity, different loads [R1-2403980]
· 13.7%/8.7%/4.9%/2.6% for zero/low/light/medium cell load 
· One source showed following NES gain for TDD, CAT1 BS power model, (C1 vs B1 with changed PRACH format), PRACH format A, 10ms PRACH periodicity, different loads [R1-2403980]
· 8.03%/5.1%/3.06%/1.74% for zero/low/light/medium cell load 
· One source showed following NES gain for TDD, C1 vs B1/A1-2, different loads [R1-2404562]
· 16%/4.78% for light/medium cell load for CAT1 BS power model
· 0.65%/0.29% for light/medium cell load for CAT2 BS power model
· One source showed following NES gain for TDD, C1 vs B1, different loads [R1-2404626]
· -18.57%~0%/-2.52%~0% for low /medium cell load for CAT1 BS power model
· -0.81%~0%/-0.42%~0% for low /medium cell load for CAT2 BS power model
· Note: For B1, it was assumed that periodicity of PRACH resources can be adapted. For C1, it was assumed that periodicity of PRACH resources is not adapted and some ROs within a periodicity can be deactivated.
· One source showed following NES gain for TDD, C1 vs A1-2, different loads [R1-2404626]
· 3.67%~19.88%/2.29%~5.22% for low /medium cell load for CAT1 BS power model
· 0.67%~1.75%/0.39%~0.91% for low /medium cell load for CAT2 BS power model
· Note: For C1, it was assumed that periodicity of PRACH resources is not adapted and some ROs within a periodicity can be deactivated.
· One source showed NES gain for FDD, C1 vs B1, zero load [R1-2404464]
· 1.4%~7% for CAT1 BS power model
· 0%~0.3% for CAT2 BS power model
· Note: The evaluation results provide the extra NES gain of spatial domain PRACH adaptation compared to time domain PRACH adaptation, where spatial domain and time domain PRACH adaptations are based on dynamic switching between PRACH resources according to two PRACH configuration indexes
· One source showed NES gain for FR2, CAT1 BS power model, spatial domain adaptation of PRACH configuration index 75 vs a time domain adaptation of PRACH configuration index 75, zero load [R1-2405163]
· 4%~7% 
· Note 1: About possibility of scenarios with non-uniform distribution of UEs in different beams 
· Several companies indicated (and three companies showed data/analysis) that there can be scenarios with non-uniform distribution of UEs in different beams. 
· Several companies mentioned that for non-uniform UE distribution, it can be addressed by gNB implementation e.g. by adjusting SSB beamwidth, etc. Several companies also mentioned that it is not clear how gNB can predict the distribution of UEs in different beams, especially for Idle/Inactive UEs.
· Note 2: Most sources that showed the NES gains (if any) for adaptation of PRACH in spatial domain compared to A1-2/B1 observed that the gain would be due to reduction in the number of overall ROs in time domain in their evaluations. Most of these companies only accounted for ROs in time domain.
· Note 3: The evaluation results assumed the non-uniform distribution of UE is static during the evaluation time period.
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