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Introduction
Plenty of techniques were discussed and evaluated during the work item (WI) of Rel-19 network energy saving (NES) enhancement [1], and some of them were set up for the study phase, including:
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4] 
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]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
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]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 provide our views on the scope of Rel-19 NES enhancement. Including whether the adaptation of PRACH in spatial domain is beneficial, and whether it should be supported for normative work.
[bookmark: _Hlk168403057]Discussion on PRACH adaptation in spatial domain
The motivation of PRACH adaptation in spatial domain is to dynamicially mute some PRACH resources if gNB believes there is no UE in the corresponding beam direction, so that the network can save some energy. 
During the study phase, RAN1 and RAN2 had thoroughly discussions and reached the following progress:
· RAN1: During RAN1#117 meeting, companies had evaluated the specific NES gain for the techinque and final observation can be found in Appendix A. Also, RAN1 came to the following conclusion [2]:
	Conclusion
There is no consensus in RAN1 on the support of PRACH adaptation in spatial domain


· RAN2: The technique was discussed in RAN2#126 meeting with the following agreement [3]:
	RACH adaptation in spatial domain
1.	RAN2 counts on RAN1 evaluation and conclusion.


Based on the evaluation results, observations and conclusions in WGs, RAN plenary should make decision in this meeting whether to support PRACH adaptation in spatial domain for normative work.
Regarding the evaluation results and observations in RAN1 (see Appendix A), the following points are worth noting:
· For TDD with CAT1 BS power model, 
· as can be seen fron the following observation, although seven sources showed 0% ~ 31% NES gain (case C1 vs B1/A1-2 with zero load), the baseline only considers legacy static PRACH configuration, and does not consider time domain PRACH adaptation, which will be specified in Rel-19. We think it is not reasonable to make decision only based on the potential NES gain of spatial domain PRACH adaptation compared to legacy static PRACH configuration. Instead, the decision should be based on the extra NES gain of spatial domain PRACH adaptation compared to time domain PRACH adaptation.
· 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 provided the evaluation results on the extra NES gain of spatial domain PRACH adaptation compared to time domain PRACH adaptation, which is more reasonable for making decision, as can be seen fron the following observation.
· [bookmark: _Hlk168404845]One source showed following NES gain for TDD, CAT1 BS power model, case C1 vs B1, zero load [R1-2404464]
· [bookmark: _Hlk168404259]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.
· For TDD with CAT2 BS power model, almost no NES gain is observed based on RAN1 evaluation results.

Proposal 1: The decision on whether to support PRACH adaptation in spatial domain should be based on the extra NES gain of spatial domain PRACH adaptation compared to time domain PRACH adaptation, and should not only consider the NES gain of spatial domain PRACH adaptation compared to legacy static PRACH configuration.

Regarding the details of the evaluation result in R1-2404464 [4], the parameter settings are shown as below:
· Baseline: 
· Both SSB and corresponding SIB1 are transmitted per 20ms
· PRACH is transmitted periodically with configuration index 17 and the frequency bandwidth is 12 RB.
· PRACH adaptation in time domain: 
· Both SSB and corresponding SIB1 are transmitted per 20ms
· The PRACH configuration index can dynamically change between PRACH configuration index 0 and PRACH configuration index 17, the frequency bandwidth for PRACH is 12 RB.
· PRACH adaptation in both time and frequency domain
· Both SSB and corresponding SIB1 are transmitted per 20ms
· The PRACH configuration index can dynamically change between PRACH configuration index 0 and PRACH configuration index 17, the frequency bandwidth for PRACH is 12 RB.
· When PRACH configuration index 17 is used, the available PRACH resource is the PRACH resource associate with {1, 2, 4} SSB beam for TDD structure, and {1, 2} SSB beam for FDD structure, and the additional PRACH resource is uniformly mapped to each SSB beam.
· The assumption for cell load is empty load.
Figure 1 and Figure 2 show an example for common signal transmission in TDD and FDD mode, respectively.
[bookmark: _Ref165914340][image: ]
[bookmark: _Ref168073733]Figure 1. An example for common signal transmission pattern in TDD mode
[image: ]
[bookmark: _Ref168073743]Figure 2. An example for common signal transmission pattern in FDD mode
Based on the evaluation results in [4], the extra NES gain that PRACH adaptation in spatial domain can obtain is:
· 1.0%~8.8% for Cat 1 BS, TDD mode. 
· 1.4%~7.0% for Cat 1 BS, FDD mode. 
· 0%~0.2% for Cat 2 BS, TDD mode.  
· 0%~0.3% for Cat 2 BS, FDD mode. 
[bookmark: _GoBack]Based on the evaluation results and observations, we think the extra NES gain of PRACH adaptation in spatial domain is marginal compared to PRACH adaptation in time domain. Therefore, PRACH adaptation in spatial domain shall not be supported for normative work in Rel-19.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: PRACH adaptation in spatial domain is not supported for normative work in Rel-19.
Conclusion
In this contribution, we discussed the benefits on PRACH adaptation in spatial domain and whether to support it for normative work, the following proposals are made.
Proposal 1: The decision on whether to support PRACH adaptation in spatial domain should be based on the extra NES gain of spatial domain PRACH adaptation compared to time domain PRACH adaptation, and should not only consider the NES gain of spatial domain PRACH adaptation compared to legacy static PRACH configuration.

Proposal 2: PRACH adaptation in spatial domain is not supported for normative work in Rel-19.
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Appendix A: Final observation for PRACH adaptation in spatial domain (in RAN1#117 meeting)
	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% 
· [bookmark: _Hlk168403602]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]
· [bookmark: _Hlk168404102]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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