[bookmark: _Hlk145670493][bookmark: _Hlk117841894]3GPP TSG RAN WG1 #117		R1-2404626
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Agenda item: 	9.5.3
Source: 	Xiaomi
[bookmark: Title]Title:	Discussion on adaptation of common signal and channel transmissions
[bookmark: DocumentFor]Document for:	Discussion

1 Introduction
In RAN1#116bis meeting, the following agreements on adaptation of common signal and channel transmissions were achieved:[1]
	Agreement
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger
Agreement
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
· 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: 
· 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 resource 
· 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
Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
· For cell with both legacy UEs and Rel-19 NES-capable UEs 
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Study from the following options:
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· [bookmark: _Hlk164286497]Option A3: adaptation for SSB not on sync raster
· Rel-19 NES-capable UE’s SCell 
· Study from the following options:
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB
· Option B3: adaptation for SSB not on sync raster
· FFS: Rel-19 NES-capable UE in idle/inactive mode
· Note: Impact to idle/inactive UEs shall be minimized 

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 contribution, we provide our views on the potential mechanisms for adapting common signal/channel transmissions, focusing on SSB, PRACH and paging. 
2 Discussion
2.1 Generic issue for adaptation of common signal/channel transmissions
2.1.1 Clarification on target scenario and UE type
In the WID of Rel-19 NES, the applicable scenario for on-demand SSB and on-demand SIB1 is clearly announced, which is shown as below:
· Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
However, the target scenario for adaptation of common signal/channel transmissions is not crystal clear as on-demand SSB and on-demand SIB1. There is a risk that different companies may have different understanding. On the other hand, the target scenario impacts the detail design for adaptation. Therefore, it is necessary to first clarify common understanding on target scenarios for adaptation of common signal/channel transmissions.

Taking SSB as an example. SSB is constantly and periodically transmitted with characteristic of beam sweeping. Despite of UE status, i.e., RRC_CONNECTED UE or RRC_IDLE/INACTIVE UE, SSB is essential for the following procedure:
· RRM measurement including cell selection and re-selection, mobility, SCell activation/De-activation, etc.
· RLM measurement, i.e., whether the current cell is qualified for service.
· Beam management and beam failure recovery.
· RACH procedure
Though it may introduce different issues for RRC_CONNECTED UE and RRC_INACTIVE/IDLE UE respectively, adaptation of SSB should be applied to both of UE in order to maximize energy saving gain.
In RAN1#116 meeting, the applicable scenarios for the adaptation mechanisms of SSB in time-domain were discussed. The following scenarios were identified for further study:
· Applicability to UE in idle/inactive and/or connected mode
· Applicability to PCell and/or SCell(s)
In order to obtain NES gain as much as possible, we don’t see rationales to put any restriction on the applicable scenarios for the adaptation of SSB transmission. Different from on-demand SSB, which is impossible to applied to PCell, the adaptation of SSB transmission doesn’t target to turn off SSB. In the other words, SSB is always available on a cell with an adjustable characteristic. Therefore, we don’t see any obstacles for supporting SSB adaptation on PCell. 

[bookmark: OLE_LINK4]Proposal 1: For the adaptation mechanisms of SSB in time-domain, it can be applied to the following scenarios:
· UE in idle/inactive and connected mode 
· PCell and SCell(s)

In RAN1#116bis meeting, we further discussed what kind of SSB can be supported for the purpose of time domain adaptation. Three options were raised for further discussion:
· Option 1: adaptation for CD-SSB
· Option 2: adaptation for SSB that is not CD-SSB
· Option 3: adaptation for SSB not on sync raster
As analyzed in our companion contribution, we think whether SSB on SCell is CD-SSB or NCD-SSB depends on gNB implementation.[2] If SSB adaptation in time domain is supported for PCell/SCell, typically SSB has to be cell defined as UE needs to complete cell search procedure and access to this cell. On the other hand, if NES UE is RedCap capable UE, it is also possible that SSB is not on sync raster. However, we need to first discuss whether to apply NES techniques to RedCap UE. For SCell, we don’t see the necessity to put any restriction on SSB.

Proposal 2: For the adaptation of SSB in time-domain,
· For PCell, adaptation can at least be applied to CD-SSB.
· For SCell, adaptation can be applied to CD SSB, NCD-SSB and SSB not on sync raster.

2.1.2 Consciousness on adaptation of common signal/channel 
It is well known that there are many physical procedures ties to SSB transmission, for example:
· UE needs to know the RE occupied by SSB so that it can correctly understand how to decoding downlink packet.
· UE needs to know the OFDM symbols occupied by SSB so that it can correctly cancel uplink transmission once uplink transmission partially overlaps with SSB symbol.
Furthermore, if SSB is adapted without informing UE, UE has to try to receive SSB with assuming it is transmitted via default pattern. It leads to power wastage at UE side which is unfriendly for UE power saving. More importantly, UE may conduct unexpected measurement on the symbols which SSB is actually not transmitted. 
Based on the above analyses, we think it is important that UE have the full knowledge of SSB adaptation in time domain.

For CFRA, UE transmits preamble following PDCCH order from gNB. If gNB prefers to receive preamble with a larger periodicity, it can accordingly transmit PDCCH order in a suitable PDCCH monitoring occasion. On the other hand, CFRA can also be triggered by higher layer without gNB indication. In this case, CFRA failure is inevitable if UE tries to transmit on a RO before PRACH adaptation. For CBRA, UE transmits preamble on one of the configured RO in an opportunistic manner. gNB may or may not reply the UE with expected preamble index and resolve the contention. From this point of view, it may be fine to keep adaptation of PRACH transparent to UE. However, a very large PRACH periodicity may wrongly leads to unexpected failure of random access. For example, there are some restrictions for PRACH transmission and the overall random access procedure:
· preambleTransMax defines the maximum number of preamble UE can transmit before random access procedure is completed.
Obviously, if adaptation of PRACH is transparent to UE, it is highly possible that UE misunderstand the situation and treat random access failure happen.
Another issue is that transparent mechanism makes UE to transmit PRACH in vain on the unavailable RO which UE cannot recognize. It is a huge waste of UE power which is definitely unexpected. UE may also wrongly drop other uplink transmission colliding with a valid RO on which it intends to transmit PRACH.

For paging, it is used for paging a user to pick up a call or indicating all users within a cell the SI will be updated. UE determines its PO within a DRX circle depending on the parameters provided by SIB1 and its own UE_ID. It only tries to receive paging on a particular PO. If paging transmission is adapted, the PO distribution will be totally changed within DRX circle. UE may no longer to receive any paging as normal. It means the overall paging functionality is disabled. The system performance will be significantly degraded. Furthermore, UE has to monitor paging as normal on the pre-adapted PO and receive nothing. In the end, UE power is wasted.

Proposal 3: UE needs to have the knowledge on adaptation of common signal/channel transmissions, including SSB, PRACH and paging. 

2.2 Adaptation of SSB in time domain
SSB is one of the most fundamental signal for 5G NR system, which is the basis for many procedures, including RRM measurement, RLM measurement, beam management, etc.  Accordingly, there is non-negligible impact on UE behavior and RAN1/RAN4 procedure if the time pattern of SSB is changed. Therefore, minimum or zero influence on UE behavior coming along with adaptation of SSB in time domain should be pursued. In current RAN1 specification, the following restriction and rule are captured:
· For DL RE mapping, UE assumes any RE allocated for DL transmission overlaps with SSB in time and frequency domain is set to zero.
· For UL transmission, UE assumes uplink transmission cannot happen on any symbol overlaps with SSB reception.
· For initial access, UE assumes the periodicity of SSB transmission equals 20ms.
· After initial access, UE assumes SSB is transmitted with predefined SSB pattern or with SSB pattern indicated via SIB1.

On the other hand, the importance of SSB and its periodic character make SSB an obvious reason of network energy consumptions, which lead to significant increase on OPEX. Therefore, adaptation of SSB in time domain, e.g., enlarge transmission periodicity when traffic load is very low, is very helpful to reduce unnecessary power consumption and provide more opportunity for NES gNB converts into sleep mode.

Proposal 4: For adaptation of SSB in time domain, the impacts on UE behavior need to be carefully studied, following aspects can be considered as starting point:
· The impact on DL RE mapping
· The impact on UL transmission
· The impact on initial access
· UE’s assumption on SSB pattern

2.2.1 Physical structure of SSB 
Changing SSB physical structure means the time pattern for a particular SSB block, e.g., the starting symbol within a SSB burst and the GAP between two adjacent SSB, can be adapted to a brand new structure. It means non-NES UE cannot receive the new SSB as it is non-backward compatible. In Figure 1, SSB burst case A to case E are illustrated. It can be observed that the default SSB pattern is determined by SCS and frequency range, which define the number of SSB within 5ms and the starting OFDM symbol index of SSB within a burst.
Per the discussion happened during Rel-18 study item, there are two potential mechanisms to change the physical structure of SSB burst, i.e., remove part of channel/signal within current SSB and remove the gap between two adjacent SSB within a burst.


[bookmark: _Ref158986781]Figure 1 Physical structure of current SSB burst

From our understanding, the motivation of defining such kind of new physical structure for SSB can be summarized as below:
· Simplify the functionality of SSB, e.g., remove PBCH while keep PSS/SSS, so as to sustain DL synchronization during SSB is off.
· Compress SSB burst, e.g., remove the GAP between two adjacent SSB, so as to make sure gNB can finish SSB transmission as soon as possible. Accordingly, gNB may have more opportunities to enter sleep mode.

For simplifying the functionality of SSB, it comes from the assumption that SSB is turned off so that network has to provide another downlink signal for DL synchronization. Therefore, we think it should be discussed under the umbrella of on-demand SSB. Rather than introducing a simplified SSB, it seems more suitable to define/introduce a new DL reference signal for DL synchronization during SSB off if necessity. 

Proposal 5: Simplified SSB should be discussed under the umbrella of on-demand SSB.

For compact SSB, it can reduce the time required for a SSB burst transmission. In theory, it helps gNB to convert to sleep mode so that additional energy saving gain can be obtained. In Table 1, we provide the number of slots occupied by SSB within a SSB burst periodicity for legacy SSB pattern and compact SSB pattern, respectively. Taking SSB pattern case A as example, the following can be observed:
· For legacy SSB pattern with 5ms periodicity, SSB occupies 4 slots out of 5 slots, i.e., the ratio between SSB-slot and SSB periodicity is 4/5.
· For legacy SSB pattern with 160ms periodicity, SSB occupies 4 slots out of 160 slots, i.e., the ratio between SSB-slot and SSB periodicity is 4/160.
· For compact SSB pattern, i.e., there is no gap for two adjacent SSB, SSB occupies   slots out of 5 slots, i.e., the ratio between SSB-slot and SSB periodicity slot is 3/5.
For this case, compact SSB pattern can reduce 1 slot for SSB transmission compared to legacy SSB pattern with 5ms periodicity. However, the benefit for large SSB periodicity is pretty small and can be neglected.
The periodicity of SSB circle can be 20ms to 160ms in the current specification. Even if periodicity extension is not introduced in Rel-19, the duration reduction coming along with compact SSB is trivial compared with the transmission periodicity of SSB. From this point of view, the benefit from compact SSB is negligible. Furthermore, there are many restrictions related to SSB, including:
· SSB symbol cannot be converted into UL symbol
· Uplink transmission is cancelled if any symbol conflicts with SSB symbol
· UE assumes zero value on any RE of DL transmission overlaps with SSB RE
· Continuous SSB may have significant impacts on the resource allocation for SIB and paging, e.g., we have to carefully take look into the tables for CORESET#0 determination especially for SSB and CORESET#0 multiplexing pattern1.
If compact SSB does need to be specified, the above issues have to be resolved one by one. Considering the jumbo specification impacts and trivial energy saving gain, we don’t think compact SSB should be on the table in Rel-19 NES.

[bookmark: _Ref158987787]Table 1 Reduction on transmission time coming along with compact SSB
	SSB case
	Legacy SSB(5ms)
	Legacy SSB (160ms)
	Compacted SSB

	A
	4 slot / 5 slot
	4 slot/ 160 slot
	16/7 slot/ 5slot

	B
	4 slot /10 slot
	4 slot/ 320 slot
	16/7 slot / 10 slot

	C
	4 slot /10 slot
	4 slot/ 320 slot
	16/7 slot / 10 slot

	D
	32 slot / 40 slot
	32 slot / 1280 slot
	48/7 slot / 40 slot

	E
	64 slot / 80 slot
	64 slot / 2560 slot
	96/7 slot / 80 slot

	F
	64 slot / 160 slot
	64 slot / 5120 slot
	96/7 slot / 160 slot

	G
	64 slot / 320 slot
	64 slot / 10240 slot
	96/7 slot / 320 slot



Proposal 6: Compact SSB is not pursued in Rel-19 as it only brings very limited NES gain but jumbo specification impacts.

2.2.2 Potential adaptation of SSB transmission
Regarding to adaptation of SSB in time domain, it is straightforward that we should at least consider the transmission periodicity and the content of SSB burst. Hence, we focus on the adaptation of SSB in terms of periodicity and available SSB within a SSB burst. 

Adaptation of SSB periodicity
In order to harvest energy saving gain as much as possible, it is beneficial to adjust the periodicity of SSB depending on the traffic load or the number of UE camping on the serving cell. For example, gNB can transmit SSB with a larger periodicity than a default periodicity for energy saving purpose. 
There are different assumptions on SSB periodicity for different UEs within the same cell. For UE in initial access procedure, it assumes SSB periodicity equals to 20ms with one of SSB case defined in TS38.213. For UE already obtains SIB1, it follows the configuration from parameter named as ssb-PeriodicityServingCell, which provides a periodicity from {ms5, ms10, ms20, ms40, ms80, ms160}. In this sense, adaptation of SSB periodicity has already been partially available in the current specification. Furthermore, it is straightforward that the larger SSB periodicity, the better energy saving performance. For example, a SSB periodicity as large as 1280ms can be introduced. Therefore, SSB periodicity may be enlarged in order to obtain more energy saving gain.
On the other hand, a smaller SSB periodicity can also be considered to expedite RAN1/RAN4 procedure, e.g., SCell activation for unknown cell. It should be noticed that the SSB transmission with small periodicity should be followed by that of larger periodicity. In the other hand, we need to consider dynamically transition between different SSB periodicity.

Proposal 7: The SSB transmission periodicity can be adapted to larger or smaller than a default SSB transmission periodicity.
· Default SSB transmission periodicity is the one predefined by SSB pattern or indicated by SIB1.

Adaptation of SSB number within a burst
According to the current specification, network can configure the contents of a SSB burst, i.e., the actual SSBs transmitted within a SSB burst which are selected from the default SSB pattern defined in TS38.213. To be specific, actual SSBs contained in a SSB burst are provided by the following IE:
	ssb-PositionsInBurst                SEQUENCE {
        inOneGroup                          BIT STRING (SIZE (8)),
        groupPresence                       BIT STRING (SIZE (8))                                   OPTIONAL  -- Cond FR2-Only
    },



Theoretically, the less SSB to be transmitted, the more NES gain will be harvested. On the other hand, the benefit from SSB reduction within a SSB burst only is certainly small, if not negligible, compared to adaptation of SSB burst periodicity. In order to investigate the deference between SSB reduction within a SSB burst only and adaptation of SSB periodicity, we provide quantitative analysis assuming the reference SSB burst pattern is Case A, which is defined as below:
	


-	Case A - 15 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes of . For carrier frequencies smaller than or equal to 3 GHz, . For carrier frequencies within FR1 larger than 3 GHz, .



In this example, the periodicity of reference SSB burst is assumed to be 5ms. The following three alternatives are brought up:
· Alternative#1: each SSB burst consisting of 8 SSB as defined by case A, and transmission periodicity is 5ms.
· Alternative#2: only the first 4 SSBs within SSB burst are transmitted which is configured by ssb-PositionsInBurst, and transmission periodicity is 5ms.
· Alternative#3: each SSB burst consisting of 8 SSB as defined by case A, and transmission periodicity is 40ms.



Figure 2 Examples for SSB reduction only and SSB periodicity adaptation

Based on the aforementioned assumption, the number of occupied OFDM symbols by SSB every 40ms are shown in Table 2. It can be observed that both alt.2 and alt.3 can significantly reduce the number of OFDM symbols occupied by SSB. It is obvious that alt.3 can provide more NES gain because the ratio of SSB symbols within a 40ms periodicity can be as low as 5.71%. The larger periodicity is adapted, the more significant NES gain. Hence, SSB reduction within a SSB burst only is not as convincing as periodicity adaptation. More importantly, a larger periodicity provides more opportunity for gNB to transform into sleep mode, which means power consumption can be further reduced. On the other hand, gNB still need to wake up and transmit SSB every 5ms with alt.2. Surely gNB doesn’t have as many chances as alt.3 if alt.2 is applied.

[bookmark: _Ref158993391]Table 2: Number of OFDM symbols occupied by SSB within 40ms
	SSB transmission assumption
	Number of occupied OS within 40ms
	Ratio of SSB symbol

	Alternative#1
	256
	256/560=45.7%

	Alternative#2
	128
	125/560=22.85%

	Alternative#3
	32
	32/560=5.71%



Proposal 8: SSB reduction/adaptation within a SSB burst, if needed, should work together with periodicity adaptation for NES purpose. 

2.2.3 Mechanisms for adaptation of SSB in time domain
First of all, explicit indication informing UE SSB periodicity is already available, which is carried by SIB1. gNB shall transmit SSB aligning with the periodicity and SSB index configuration. For UE in initial access that has not received SIB1, it assumes the SSB periodicity equals 20ms. No matter what periodicity and which SSBs are transmitted, default operation such as initial access cannot be impacted.

It is possible that gNB adjust SSB periodicity with a transparent mechanism, i.e., gNB can transmit SSB with a larger periodicity for energy saving purpose without informing UE. The default UE behavior and procedure should be guaranteed, e.g., network should make sure a UE initially accesses to the cell can still receive SSB with the assumption of 20ms SSB periodicity. Considering it is totally transparent to UE, it will impact RRM, RLM and BM which needs to be seriously studied.

Although it is possible gNB adjusts SSB periodicity via SIB1, it is a kind of one-shot configuration which is lack of flexibility. Frequently updating SIB1 will bring unnecessary SIB1 overhead, increase UE’s effort on receiving and processing SIB1, and also consume extra resources for the transmission of DCI format 1_0 carrying short message indicating system information modification. 

To address the drawbacks coming along with the aforementioned mechanism, a dynamically indication on adaptation of SSB periodicity can be considered.

Proposal 9: The following mechanisms for adapting SSB in time domain can be further studied:
· Option 1: Reuse current mechanism to indicate UE the adaptation of SSB periodicity.
· Option 2: Network adjust the SSB periodicity by itself with potential restrictions.
· Option 3: Design dynamic mechanism to indicate UE the adaptation of SSB periodicity.

2.3 Adaptation of PRACH in time domain and spatial domain
Basically, there are two kinds of PRACH, which can be configured by cell-specific signaling and UE-dedicated signaling respectively:
· PRACH associated with CBRA, including 4-step RACH and 2-step RACH.
· PRACH associated with CFRA, including 4-step RACH and 2-step RACH. 

Despite of RACH type, the resource for PRACH, e.g., time domain resource, frequency-domain resources, spatial domain resource, has to be a subset of those provided by SIB1. To be specific, RACH-ConfigCommon and RACH-ConfigCommonforTwoStepRA provide the super set of PRACH resources for all the UEs belonging to the serving cell. No matter what kind of PRACH adaptation is adopted, it will impact the association between valid RO and SSB. Valid RO and SSB association are common to any kind of PRACH transmission. 

Proposal 10: The adaptation of PRACH can be applied to CBRA and CFRA, including 4-step RACH and 2-step RACH.

2.3.1 Clarification on adaptation of PRACH in time domain 
As mentioned in TR 38.864, energy saving gain is observed by taking the advantage of larger PRACH reception periodicity[1]. The benefits for NES come from the reduction of power consumption due to frequent PRACH reception and more opportunities to enter sleep mode.

gNB can reduce power consumption caused by PRACH reception via configuring a large periodicity for PRACH. However, semi-statically configuring a RACH with large periodicity would have negative impacts on UE experience, e.g., increase the delay for random access, UL synchronization and the procedure of beam failure recovery. Hence, it is more reasonable for gNB to adjust the periodicity of RACH transmission depending on realistic conditions of network. For example, gNB can make a good decision according to traffic load between saving more energy from large PRACH periodicity and reducing delay from small PRACH periodicity.

Proposal 11: NES gNB should be able to adjust time domain resource for PRACH transmission according to realistic conditions. 
· FFS the range/mechanism/configuration of adapting PRACH.

2.3.2 Mechanisms for adaptation of PRACH in time domain
Network can inform UE the detail adaptation for PRACH either via explicit mechanisms or implicit mechanisms. Currently, the RACH configuration is provided by SIB1 and UE-dedicated RRC signaling. gNB can adjust available RACH resources based on current specification. Take common configuration as an example, gNB can send short message to inform UE that SI is updated. UE will try to receive SIB1 in the next adjacent SIB transmission period and obtain the new bunch of configurations for PRACH. To this point, PRACH adaptation is done with the penalty of increasing latency and more power consumption from more frequent paging transmission. To address these problems, gNB can also adapt PRACH transmission in time domain via new mechanisms. At least the following two directions can be further studied:
· Inform PRACH adaptation in time domain via dynamic signaling, e.g., PDCCH. gNB can directly indicate the intended RACH configuration or indicate a scaling factor for the periodicity of RACH configuration. Meanwhile, we need to keep in mind that we should also consider the potential impacts on non-NES UE. Furthermore, standardization efforts should also be carefully assessed.
· The PRACH adaptation in time domain is determined or triggered by certain conditions, e.g., if SSB is turned off or the SSB periodicity is adapted to very long, it may be unnecessary to receive PRACH in regular way as it is not helpful to reduce power consumption at gNB side.
· The PRACH adaptation in time domain is indicated via reusing existing mechanism, i.e., gNB indicate UE an intended RACH configuration via updating SI. In this mechanism, gNB first has to transmit short message, which bring more power consumption and more resource consumption on paging transmission. The overall delay of PRACH adaptation should also be considered.

Accordingly, we have the following proposal on indication of PRACH adaptation in time domain:

Proposal 12: The following three mechanisms can be further studied:
· Option 1: Reuse current mechanism to indicate UE the adaptation.
· Option 2: Design dynamic mechanism to indicate UE the adaptation.
· [bookmark: OLE_LINK3]Option 3: Adapting common signal/channel according to certain condition.
2.3.3 Clarification on adaptation of PRACH in spatial domain
It was agreed that we need to study adaptation of PRACH in spatial domain, which is shown below:
	· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial



Generally speaking, the association between RO/preamble and SSB are indicated by ssb-perRACH-OccasionAndCB-PreamblesPerSSB, which provides the following two parameters:
· N determines the association between SSB and RO, which means N SSBs associate with one RO.
· R determines the association between RO and preamble, which means R preambles per SSB per valid RO. 
In order to make sure same association between SSB and RO, association period and association period pattern are defined so that implementation at UE side and gNB side are much easier. However, the scope of adaptation of PRACH in spatial domain is a little bit vague, especially non-uniform PRACH resources per SSB. Hence, RAN1 needs to firstly achieve common understanding on spatial domain adaptation. Depending on the aforementioned analyses, there are at least three directions that each impacts the spatial characteristic for PRACH transmission, i.e., 1) association between RO and SSB 2) association between preamble and SSB 3) association between RO/preamble and SSB.

[bookmark: OLE_LINK2]Proposal 13: RAN1 needs to further clarify what kind of spatial adaptation is pursued for PRACH.

No matter what parameters are provided to determine the association for SSB/RO/preamble, the number of RO and preamble associating to certain SSB is uniform. As the RACH configuration is provided by SIB1 and the association between RO/Preamble and SSB is universal to all UEs camping on current serving cell, we need to seriously take care of the potential impacts on non-NES UE. 

Despite of the mechanisms adapting spatial associations between PRACH and SSB, it is obvious that the impact on standardization is not trivial. On the hand, gNB still need to receive PRACH with reduced beam on valid RO, it doesn’t help gNB to convert into sleep mode. Therefore, RAN1 need to further discuss and try to reach common understanding on how to obtain NES gains from adaptation of PRACH in spatial domain.

Observation 1: Adaptation of PRACH in spatial domain brings non-negligible standardization efforts while the benefits is unclear.

2.3.4 Evaluation for spatial domain adaptation
In this section, we provide evaluation results for different cases according to the agreed simulation assumptions in previous meeting. Basically, the following mechanisms are evaluated:
· Case A1-2, i.e., PRACH configuration#17(10ms), is baseline case wherein no adaptation is allowed for the configured PRACH resources.
· Time-domain PRACH adaptation. In this case, legacy PRACH resources are provided by PRACH configuration#5(20ms) and additional PRACH resources are provided by PRACH configuration#17(10ms). Only additional PRACH resources can be adapted. The following two mechanisms for time domain PRACH adaptation are evaluated:
· Mechanism#1: The periodicity of PRACH configuration#17 can be adapted to 20ms, 40ms, 80ms and 160ms.
· Mechanism#2: All of additional PRACH resources are either activated or deactivated.
· Spatial-domain PRACH adaptation. In this case, legacy PRACH resources are provided by PRACH configuration#5(20ms) and additional PRACH resources are provided by PRACH configuration#17(10ms). Only additional PRACH resources can be adapted. The non-uniform distribution between SSB and RO is realized via deactivating a subset of ROs within an association period. Different SSB-RO mapping ratios are evaluated, i.e., 1/3, 2/3 and 3/3. 

In this section, we compare the NES performance of time-domain adaptation and spatial-domain adaptation wherein 4 SSB and cat1 BS are assumed. The detail evaluation results the following scenarios can be found in the appendix.
· 4 SSB and Cat 2 BS
· 8 SSB and Cat 1 BS
· 8 SSB and Cat 2 BS

Table 3 Comparison between time domain adaptation and legacy configuration
	Comparison cases
	4 SSB

	
	SIB1 Period 20ms
	SIB1 Period 40ms
	SIB1 Period 160ms

	
	Empty
	low
	medium
	Empty
	low
	medium
	Empty
	low
	medium

	
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB

	Case B1 (10ms) vs A1-2
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Case B1 (20ms) vs A1-2
	20.52%
	15.18%
	3.27%
	22.13%
	16.09%
	3.39%
	23.52%
	16.85%
	3.48%

	Case B1 (40ms) vs A1-2
	25.17%
	16.55%
	4.09%
	29.22%
	17.54%
	4.24%
	31.06%
	18.37%
	4.35%

	Case B1 (80ms) vs A1-2
	27.49%
	17.23%
	4.50%
	31.73%
	18.27%
	4.66%
	34.82%
	19.13%
	4.79%

	Case B1 (160ms) vs A1-2
	28.66%
	17.57%
	4.71%
	32.99%
	18.63%
	4.87%
	36.71%
	19.51%
	5.00%

	Case B1 (additional RO deactivated) vs A1-2
	29.82%
	17.92%
	4.91%
	34.24%
	18.99%
	5.08%
	38.04%
	19.88%
	5.22%


Table 4 Comparison between spatial domain adaptation and legacy configuration
	Comparison cases
	4 SSB

	
	SIB1 Period 20ms
	SIB1 Period 40ms
	SIB1 Period 160ms

	
	Empty
	low
	medium
	Empty
	low
	medium
	Empty
	low
	medium

	
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB

	Case C1 (1/3 ROs deactivated) vs A1-2
	5.29%
	4.11%
	2.46%
	5.71%
	4.35%
	2.54%
	6.06%
	4.56%
	2.61%

	Case C1 (2/3 ROs deactivated) vs A1-2
	20.52%
	15.18%
	3.27%
	22.13%
	16.09%
	3.39%
	23.52%
	16.85%
	3.48%

	Case C1 (3/3 ROs deactivated) vs A1-2
	29.82%
	17.92%
	4.91%
	34.24%
	18.99%
	5.08%
	38.04%
	19.88%
	5.22%



Compared with legacy PRACH configuration, the following observations can be obtained:
· Thanks to the reduction of RO in time domain, both time-domain adaptation and spatial-domain adaptation provide significant NES gain.
· For time domain adaptation, NES gain grows with the extension of PRACH resource periodicity. Note that time-domain adaptation mechanism#2 can be regarded as the additional PRACH resources has infinite periodicity.
· For spatial domain adaptation, NES gain depends on how many ROs are deactivated. Note that NES gain harvested from spatial domain adaptation is lower than that of time domain adaptation in most cases.
· The upper bound of NES gain for both time domain adaptation and spatial domain adaptation is same, i.e., all of additional ROs are deactivated.

Observation 2: According to the evaluation results for time-domain adaptation and spatial-domain adaptation, it can be observed:
· Both time-domain adaptation and spatial-domain adaptation provide significant NES gain due to the reduction of RO in time domain.
· For time domain adaptation, NES gain grows with the extension of PRACH resource periodicity. Note that time-domain adaptation mechanism#2 can be regarded as the additional PRACH resources has infinite periodicity.
· For spatial domain adaptation, NES gain depends on how many ROs are deactivated. Note that NES gain harvested from spatial domain adaptation is lower than that of time domain adaptation in most cases.
· The upper bound of NES gain for both time domain adaptation and spatial domain adaptation is same, i.e., all of additional ROs are deactivated.

2.3.5 The impacts on relevant UE behavior
PRACH is essential channel in NR system, which means it is the basis for lots of procedures. In Table 3, we summarize the relevant events triggering PRACH according to section 9.2.6 in TS 38.300.
[bookmark: _Ref159009360][bookmark: _Ref159009355]Table 5 Use case of RACH procedure
	Event index
	Descriptions

	1
	Initial access from RRC_IDLE

	2
	RRC Connection Re-establishment procedure

	3
	DL or UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure is ongoing, when UL synchronisation status is "non-synchronised"

	4
	UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure is ongoing, when there are no PUCCH resources for SR available

	5
	Handover

	6
	SR failure

	7
	Explicit request by RRC upon synchronous reconfiguration

	8
	RRC Connection Resume procedure from RRC_INACTIVE

	9
	To establish time alignment for a primary or a secondary TAG

	10
	Request for Other SI

	11
	Beam failure recovery

	12
	Consistent UL LBT failure on SpCell

	13
	SDT in RRC_INACTIVE

	14
	Positioning purpose during RRC_CONNECTED requiring random access procedure, e.g., when timing advance is needed for UE positioning

	15
	Early UL synchronization with an LTM candidate cell

	16
	RACH-based LTM cell switch



As summarized in Table 3, RACH procedure is very important for a UE to sustain basic functionality in NR system. Regardless what adaptation of PRACH is adopted, it may bring significant influence on those procedures. 

Observation 3: Adaptation of PRACH may bring significant influence on UE behavior associated with RACH procedure.
2.4 Adaptation of Paging occasions
Generally speaking, paging is a way for gNB to find a target IDLE/INACTIVE UE and to indicate all UEs the update of SI as soon as possible. 
The configuration of Paging occasions is actually pretty flexible. Paging frames are distributed evenly within a window, i.e., DRX period for paging. Within a paging frame, there is one or more paging occasions constituted of several paging monitoring occasions. In order to guarantee coverage, each PMO is associated with an SSB. From network perspective, it can initiate a paging for data transmission purpose or SI update purpose on any paging occasion if necessary. From UE perspective, it only needs to monitor a specific PO within a specific paging frame which is special for it. No matter UE receives paging or not, there is no impact on UE behavior. To be specific, PF/PO/PMO are determined by the following formulae:
	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 (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
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: 5G-S-TMSI mod 1024



In Figure 3, it shows the distribution of PF, PO and PMO with assuming T=32 radio frame, PF offset=0, Number of PO within a PF=4 and number of PMO within a PO=4.


[bookmark: _Ref159011838]Figure 3 Example for paging occasion determination from gNB perspective

It may be helpful to reducing power consumption at gNB side if the paging frame or paging occasion can be sparser. However, gNB still needs to wake up to transmit paging and the latency may increase. It can be seen that the current mechanism of determining paging occasion is to make sure POs are distributed evenly within DRX circle from network perspective. Therefore, paging transmission is rarely blocked due to simultaneously requirement for paging different UE. At the same time, it guarantees each UE has a chance to be paged within a certain period. Paging latency from UE perspective can be controllable as well.

However, the even distribution of PO makes gNB rarely have chance to convert into deep sleep mode, which is unfriendly to energy saving. In order to confront the issue caused by evenly distributed PO in time domain, the following two options can be considered as starting point:
· Option 1: PO are transmitted on several consecutive paging frame within a DRX circle, i.e., the PO are transmitted in a centralized manner instead of a distributed manner.
· Option 2: gNB adjust parameters related to PO determination so that PO can be transmitted in a sparser manner.

Proposal 14: For adaptation of paging occasion, the following options can be considered as starting point.
· Option 1: Paging can be transmitted with a centralized manner within DRX circle.
· Option 2: gNB adjust parameters related to PO determination so that paging transmission is sparser.

Similar as SSB and PRACH, the parameters related to PO determination are provided by SIB1. From this perspective, gNB can adjust paging occasions with reusing current mechanism, i.e., adjust paging occasions with updating SI. Considering the updated SI is applicable in the next SI transmission period, there is no ambiguity issue. However, the penalty is large latency and complexity. Another potential mechanism is that the adaptation of paging occasions is associated with certain conditions. For example, if SSB is not transmitted, paging transmission is adjusted accordingly. It may be challenging for UE to recognize such kind of adaptation in a timely manner. A straightforward mechanism is to introduce new mechanism to indicate adaptation of paging, e.g., dynamic indication. However, the standardization efforts may be huge. Considering paging is used to paging a UE once a call is coming or indicate UE that SI will be updated, it is network’s freedom on whether to send paging on a PO or how to send paging. It is also possible to leave it to gNB implementation. Accordingly, we have the following proposal:

Proposal 15: The following mechanisms for adapting paging in time domain can be further studied:
· Option 1: Reuse current mechanism to indicate UE the adaptation of paging.
· Option 2: Network adjust paging transmission by itself.
· Option 3: Design dynamic mechanism to indicate UE the adaptation of paging.
· Option 4: Adjust paging according to certain condition.

2.5 Potential impacts on legacy UE
The adaptation of common signal and channel transmissions may or may not be known by non-NES UEs, depending how to indicate/adjust common signal and channel transmissions. For example, if existing mechanism is fully reused, i.e., adjust common signal and channel transmissions via updating SI, there will be no impact on legacy UE. Otherwise, non-NES UE may be impacted as it cannot recognize the adaptation.

Observation 4: The impacts on legacy UE due to adaptation of common signal and channel transmissions depend on mechanism of realizing those adaptation.

If common signal and channel are adapted via a scheme transparent to non-NES UE, it is inevitable that non-NES UE is impacted as it cannot recognize the adaptation of common signal and channel transmissions. Generally speaking, the functionality of different common signal/channel is diverse.
· SSB is very basic DL channel/signal, which is used for cell search, RLM, RRM, beam-specific operation, etc. No matter SSB transmission is adapted or not, non-NES UE still tries to receive or measure SSB according to default SSB pattern, i.e., the one predefined by frequency range and SCS or the one indicated by SIB1. Power consumption at UE side goes up unnecessarily. More importantly, non-NES UE cannot distinguish different cases of SSB reception failure, i.e., channel condition is too bad to receive SSB and SSB is not transmitted on the default SSB occasion. Accordingly, unexpected measurement result may be reported to gNB. However, as NES gNB have full knowledge on the adaptation of SSB transmission, it may be capable to compensate or amend the received reporting from non-NES UE.
· PRACH is very basic UL signal, which is used for random access, UL synchronization, BFR, hand over, etc. Once the PRACH transmission is adapted, non-NES UE cannot receive any response after it transmit preamble on an RO invalid for gNB. Delay related to aforementioned procedure increases. On the other hand, power wastage is inevitable. However, the functionality may be not impacted with the penalty of large latency.
· Paging is used for paging UE once call is coming and indicating SI will be updated. If paging transmission is adapted, non-NES UE may not be able to receive paging as the realistic PO distribution is totally different from the one it assumes. Considering VoIP technology can at least partially bear voice traffic and RRC reconfiguration/re-establishment can at least update network configuration, it may be still affordable for non-NES UE.

The detail impacts on non-NES UE can be further studied once the big picture for adaptation of common signal/channel transmission is clearer. It should be considered together with other NES techniques, i.e., on-demand SSB and on-demand SIB1. On the other hand, network can guarantee that non-NES UE can only access to a gNB not supporting adaptation of common signal/channels.

Proposal 16: The impacts on legacy UE due to adaptation of common signal and channel transmissions can be further studied after RAN1 achieves big picture on NES technique.

2.6 Inter-action among different NES technology
As captured in the WID of Rel-19 NES, the following technology will be specified:
· On-demand SSB SCell operation for UEs in connected mode
· On-demand SIB1 for UEs in idle/inactive mode, if justified
· Adaptation of SSB in time domain, e.g., adapting periodicity
· Adaptation of PRACH in time domain
· Adaptation of PRACH in spatial domain, if justified
· Adaptation of paging occasions in the time domain

The basic idea of the above NES technologies is to reduce unnecessary power consumption and increase opportunity of converting into sleep mode. Although each technology is able to bring NES gain, it is reasonable to clarify the inter-action among different mechanisms. For example, if gNB determines to turn off SSB, it means this gNB determines to go to NES mode so that power consumption can be reduced. Considering SSB is turned off, it may be not necessary to transmit other common DL channel/signals and receive UL signal as normal. Otherwise, gNB can rarely reduce power consumption. Therefore, it is important to study joint operation among different NES technologies and achieve common understanding at such point.

Proposal 17: Further study the inter-action among different NES technologies.

3 Conclusion
Based on the discussion and analyses in section 2, we have the following observations and proposals:

Observations:
Observation 1: Adaptation of PRACH in spatial domain brings non-negligible standardization efforts while the benefits is unclear.
Observation 2: According to the evaluation results for time-domain adaptation and spatial-domain adaptation, it can be observed:
· Both time-domain adaptation and spatial-domain adaptation provide significant NES gain due to the reduction of RO in time domain.
· For time domain adaptation, NES gain grows with the extension of PRACH resource periodicity. Note that time-domain adaptation mechanism#2 can be regarded as the additional PRACH resources has infinite periodicity.
· For spatial domain adaptation, NES gain depends on how many ROs are deactivated. Note that NES gain harvested from spatial domain adaptation is lower than that of time domain adaptation in most cases.
· The upper bound of NES gain for both time domain adaptation and spatial domain adaptation is same, i.e., all of additional ROs are deactivated.
Observation 3: Adaptation of PRACH may bring significant influence on UE behavior associated with RACH procedure.
Observation 4: The impacts on legacy UE due to adaptation of common signal and channel transmissions depend on mechanism of realizing those adaptation.

Proposals:
Proposal 1: For the adaptation mechanisms of SSB in time-domain, it can be applied to the following scenarios:
· UE in idle/inactive and connected mode 
· PCell and SCell(s)
Proposal 2: For the adaptation of SSB in time-domain,
· For PCell, adaptation can at least be applied to CD-SSB.
· For SCell, adaptation can be applied to CD SSB, NCD-SSB and SSB not on sync raster.
Proposal 3: UE needs to have the knowledge on adaptation of common signal/channel transmissions, including SSB, PRACH and paging. 
Proposal 4: For adaptation of SSB in time domain, the impacts on UE behavior need to be carefully studied, following aspects can be considered as starting point:
· The impact on DL RE mapping
· The impact on UL transmission
· The impact on initial access
· UE assumption on SSB pattern
Proposal 5: Simplified SSB should be discussed under the umbrella of on-demand SSB.
Proposal 6: Compact SSB is not pursued in Rel-19 as it only brings very limited NES gain but jumbo specification impacts.
Proposal 7: The SSB transmission periodicity can be adapted to larger or smaller than a default SSB transmission periodicity.
· Default SSB transmission periodicity is the one predefined by SSB pattern or indicated by SIB1.
Proposal 8: SSB reduction/adaptation within a SSB burst, if needed, should work together with periodicity adaptation for NES purpose. 
Proposal 9: The following mechanisms for adapting SSB in time domain can be further studied:
· Option 1: Reuse current mechanism to indicate UE the adaptation of SSB periodicity.
· Option 2: Network adjust the SSB periodicity by itself with potential restrictions.
· Option 3: Design dynamic mechanism to indicate UE the adaptation of SSB periodicity.
Proposal 10: The adaptation of PRACH can be applied to CBRA and CFRA, including 4-step RACH and 2-step RACH.
Proposal 11: NES gNB should be able to adjust time domain resource for PRACH transmission according to realistic conditions. 
· FFS the range/mechanism/configuration of adapting PRACH.
Proposal 12: The following three mechanisms can be further studied:
· Option 1: Reuse current mechanism to indicate UE the adaptation.
· Option 2: Design dynamic mechanism to indicate UE the adaptation.
· Option 3: Adapting common signal/channel according to certain condition.
Proposal 13: RAN1 needs to further clarify what kind of spatial adaptation is pursued for PRACH.
Proposal 14: For adaptation of paging occasion, the following options can be considered as starting point.
· Option 1: Paging can be transmitted with a centralized manner within DRX circle.
· Option 2: gNB adjust parameters related to PO determination so that paging transmission is sparser.
Proposal 15: The following mechanisms for adapting paging in time domain can be further studied:
· Option 1: Reuse current mechanism to indicate UE the adaptation of paging.
· Option 2: Network adjust paging transmission by itself.
· Option 3: Design dynamic mechanism to indicate UE the adaptation of paging.
· Option 4: Adjust paging according to certain condition.
Proposal 16: The impacts on legacy UE due to adaptation of common signal and channel transmissions can be further studied after RAN1 achieves big picture on NES technique.
Proposal 17: Further study the inter-action among different NES technologies.
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5 Appendix
Assumptions for adaptation of PRACH in time domain/spatial domain
Table 1 Assumption for adaptation of PRACH in time domain/spatial domain in FR1 band
	Parameters
	Values

	Basic parameters
	Scenario
	FR1 (TDD)

	
	SCS
	30kHz

	
	 Bandwidth
	100 MHz

	
	Available RB within the bandwidth
	273

	
	Frame structure
	DDDSU

	
	BS 
	Cat 1/Cat 2 BS

	SSB
	SSB period
	20ms

	
	SSB number in period
	4/8

	
	SSB pattern
	Case C

	
	SSB frequency resource
	20 RBs

	SIB1
	SIB1 period
	20/40/160ms

	
	CORESET#0 Configuration
	Table 13-6 index 6 in TS 38.213 [5]

	
	Searchspace#0 Configuration
	Table 13-11 index [5] in TS 38.213 for 4 SSB and 8 SSB

	
	CORESET#0 and SSB multiplexing pattern
	Pattern 1

	
	SIB1 frequency resource
	48 RBs

	
	SIB1 time resource configuration
	Table 5.1.2.1.1-2 index1 in TS 38.214 [10] (S=2, L=12)

	PRACH
	PRACH configuration
	legacy
•	Case A1-2: PRACH configuration #17 (10ms) 

time-domain PRACH adaptation
•	Legacy PRACH resources
· Case B1-0: PRACH configuration #5 (20ms)
•	Additional PRACH resources 
· Case B1: PRACH configuration #17 (10ms) 

spatial-domain PRACH adaptation
•	Legacy PRACH resources
· Case C1-0: PRACH configuration #5 (20ms)
•	Additional PRACH resources 
· Case C1: PRACH configuration #17 (10ms) 

	
	Msg1-FDM configuration
	4

	
	PRACH frequency resource
	12 RBs (3 RBs per RO)

	
	SSB-RO mapping ratio
	1

	Traffic
	Cell load 
	Empty (0%) 
low (10%)
medium (40%)

	
	Traffic model
	FTP3



Illustration on evaluation cases


Figure 1 Legacy PRACH resources of PRACH config#17 (periodicity 10ms)



Figure 2 Legacy PRACH resources of PRACH config#5 (periodicity 20ms), additional PRACH resources of PRACH config#17 (periodicity 10ms)


Figure 3 Legacy PRACH resources of PRACH config#5 (periodicity 20ms), additional PRACH resources of PRACH config#17 (periodicity update to 20ms)


Figure 4 Legacy PRACH resources of PRACH config#5 (periodicity 20ms), additional PRACH resources of PRACH config#17 is deactivated


Figure 5 Legacy PRACH resources of PRACH config#5 (periodicity 20ms), one RO of additional PRACH resources of PRACH config#17 (periodicity 10ms) is deactivated per 20ms

BS Cat 1 with 4 SSB
Table 2: Power consumption of Cat 1 BS assuming 4 SSB
	BS power
	4 SSB

	
	SIB1 Period 20ms
	SIB1 Period 40ms
	SIB1 Period 160ms

	
	Empty
	low
	medium
	Empty
	low
	medium
	Empty
	low
	medium

	
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB

	Case A1-2
	77.97
	100.47
	167.97
	72.285
	94.785
	162.285
	68.02125
	90.52125
	158.0213

	Case B1 (10ms)
	77.97
	100.47
	167.97
	72.285
	94.785
	162.285
	68.02125
	90.52125
	158.0213

	Case B1 (20ms)
	61.97
	85.22
	162.47
	56.285
	79.535
	156.785
	52.02125
	75.27125
	152.5213

	Case B1 (40ms)
	58.345
	83.845
	161.095
	51.16
	78.16
	155.41
	46.89625
	73.89625
	151.1463

	Case B1 (80ms)
	56.5325
	83.1575
	160.4075
	49.3475
	77.4725
	154.7225
	44.33375
	73.20875
	150.4588

	Case B1 (160ms)
	55.62625
	82.81375
	160.0638
	48.44125
	77.12875
	154.3788
	43.0525
	72.865
	150.115

	Case B1 (additional ROs cancelled)
	54.72
	82.47
	159.72
	47.535
	76.785
	154.035
	42.14625
	72.52125
	149.7713

	Case C1 (1/3 ROs deactivated) 
	73.845
	96.345
	163.845
	68.16
	90.66
	158.16
	63.89625
	86.39625
	153.8963

	Case C1 (2/3 ROs deactivated) 
	61.97
	85.22
	162.47
	56.285
	79.535
	156.785
	52.02125
	75.27125
	152.5213

	Case C1 (3/3 ROs deactivated) 
	54.72
	82.47
	159.72
	47.535
	76.785
	154.035
	42.14625
	72.52125
	149.7713




BS Cat 1 with 8 SSB
Table 3 Power consumption of Cat 1 BS assuming 8 SSB
	BS power
	8 SSB

	
	SIB1 Period 20ms
	SIB1 Period 40ms
	SIB1 Period 160ms

	
	Empty
	low
	medium
	Empty
	low
	medium
	Empty
	low
	medium

	
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB

	Case A1-2
	89.94
	112.44
	179.94
	78.57
	101.07
	168.57
	70.0425
	92.5425
	160.0425

	Case B1 (10ms)
	89.94
	112.44
	179.94
	78.57
	101.07
	168.57
	70.0425
	92.5425
	160.0425

	Case B1 (20ms)
	73.94
	97.19
	174.44
	62.57
	85.82
	163.07
	54.0425
	77.2925
	154.5425

	Case B1 (40ms)
	71.815
	95.815
	173.065
	57.445
	84.445
	161.695
	48.9175
	75.9175
	153.1675

	Case B1 (80ms)
	70.7525
	95.1275
	172.3775
	56.3825
	83.7575
	161.0075
	46.355
	75.23
	152.48

	Case B1 (160ms)
	70.22125
	94.78375
	172.0338
	55.85125
	83.41375
	160.6638
	45.07375
	74.88625
	152.1363

	Case B1 (additional RO cancelled)
	69.69
	94.44
	171.69
	55.32
	83.07
	160.32
	44.5425
	74.5425
	151.7925

	Case C1 (1/3 ROs deactivated) 
	85.815
	108.315
	175.815
	74.445
	96.945
	164.445
	65.9175
	88.4175
	155.9175

	Case C1 (2/3 ROs deactivated) 
	73.94
	97.19
	174.44
	62.57
	85.82
	163.07
	54.0425
	77.2925
	154.5425

	Case C1 (3/3 ROs deactivated) 
	69.69
	94.44
	171.69
	55.32
	83.07
	160.32
	44.5425
	74.5425
	151.7925



BS Cat 2 with 4 SSB
Table 4 Power consumption of Cat 2 BS assuming 4 SSB
	BS power
	4 SSB

	
	SIB1 Period 20ms
	SIB1 Period 40ms
	SIB1 Period 160ms

	
	Empty
	low
	medium
	Empty
	low
	medium
	Empty
	low
	medium

	
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB

	Case A1-2
	7.11
	9.76
	17.71
	6.44
	9.09
	17.04
	5.9375
	8.5875
	16.5375

	Case B1 (10ms)
	7.11
	9.76
	17.71
	6.44
	9.09
	17.04
	5.9375
	8.5875
	16.5375

	Case B1 (20ms)
	7.01
	9.66
	17.61
	6.34
	8.99
	16.94
	5.8375
	8.4875
	16.4375

	Case B1 (40ms)
	6.985
	9.635
	17.585
	6.315
	8.965
	16.915
	5.8125
	8.4625
	16.4125

	Case B1 (80ms)
	6.9725
	9.6225
	17.5725
	6.3025
	8.9525
	16.9025
	5.8
	8.45
	16.4

	Case B1 (160ms)
	6.96625
	9.61625
	17.56625
	6.29625
	8.94625
	16.89625
	5.79375
	8.44375
	16.39375

	Case B1 (additional RO cancelled)
	6.96
	9.61
	17.56
	6.29
	8.94
	16.89
	5.7875
	8.4375
	16.3875

	Case C1 (1/3 ROs deactivated) 
	7.035
	9.685
	17.635
	6.365
	9.015
	16.965
	5.8625
	8.5125
	16.4625

	Case C1 (2/3 ROs deactivated) 
	7.01
	9.66
	17.61
	6.34
	8.99
	16.94
	5.8375
	8.4875
	16.4375

	Case C1 (3/3 ROs deactivated) 
	6.96
	9.61
	17.56
	6.29
	8.94
	16.89
	5.7875
	8.4375
	16.3875



BS Cat 2 with 8 SSB
Table 5 Power consumption of Cat 2 BS assuming 8 SSB
	BS power
	8 SSB

	
	SIB1 Period 20ms
	SIB1 Period 40ms
	SIB1 Period 160ms

	
	Empty
	low
	medium
	Empty
	low
	medium
	Empty
	low
	medium

	
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB
	4 SSB

	Case A1-2
	8.52
	11.17
	19.12
	7.18
	9.83
	17.78
	6.175
	8.825
	16.775

	Case B1 (10ms)
	8.52
	11.17
	19.12
	7.18
	9.83
	17.78
	6.175
	8.825
	16.775

	Case B1 (20ms)
	8.42
	11.07
	19.02
	7.08
	9.73
	17.68
	6.075
	8.725
	16.675

	Case B1 (40ms)
	8.395
	11.045
	18.995
	7.055
	9.705
	17.655
	6.05
	8.7
	16.65

	Case B1 (80ms)
	8.3825
	11.0325
	18.9825
	7.0425
	9.6925
	17.6425
	6.0375
	8.6875
	16.6375

	Case B1 (160ms)
	8.37625
	11.02625
	18.97625
	7.03625
	9.68625
	17.63625
	6.03125
	8.68125
	16.63125

	Case B1 (additional RO cancelled)
	8.37
	11.02
	18.97
	7.03
	9.68
	17.63
	6.025
	8.675
	16.625

	Case C1 (1/3 ROs deactivated) 
	8.445
	11.095
	19.045
	7.105
	9.755
	17.705
	6.1
	8.75
	16.7

	Case C1 (2/3 ROs deactivated) 
	8.42
	11.07
	19.02
	7.08
	9.73
	17.68
	6.075
	8.725
	16.675

	Case C1 (3/3 ROs deactivated) 
	8.37
	11.02
	18.97
	7.03
	9.68
	17.63
	6.025
	8.675
	16.625
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