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1. [bookmark: _Ref163021500]Introduction
The RAN WG approved work item on Enhancements of network energy savings for NR [1], that includes the following objective:
	1. 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 



During the previous RAN#116 meeting, initial agreements were reached regarding the adaptation of the Synchronization Signal Block (SSB) in the time domain, the adaptation of the Physical Random-Access Channel (PRACH) in the time domain, and paging occasions. This contribution aims to elaborate on certain open issues identified from the previous RAN#116 meeting.
2. Adaptation of SSB
The following agreement has been reached regarding mechanisms for adapting SSB in the time domain.
In the previous RAN#116 meetings following agreements are reached regarding the adaptation of the SSB periodicity. 
Agreement 
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study  
· Adaptation of SSB burst periodicity 
· Adaptation based on two SSB configurations where up to two configurations can be active 
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration 
· Adapting the transmitted number of SSBs within a SSB burst 
· Cell DTX for SSB adaptation 
· Whether to support new SSB burst periodicity value(s) 
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst) 
· New compact SSB burst(s)  
· Adapting the position of SSBs within a SSB burst 
· Other mechanisms/combinations are not precluded 

Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)

Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signalling/indication/configuration


2.1 Adaptation based on two SSB configurations where up to two configurations can be active

Adaptation of SSB periodicity based on two SSB configurations needs the defining of a new SSB configuration. This should include parameters indicating SSB periodicity and SSB position in a burst. A newly defined SSB configuration is not known to legacy UEs.  The default configuration can be understood as legacy UEs/Rel-19 NES capable UEs. Additional configuration is enabled or disabled based on the network load. To indicate the change in the second SSB configuration, an additional signalling mechanism is required. Since there are two configurations, one for legacy UEs and another one for rel-19 NES capable UEs with different SSB periodicity, there will not be fairness in the availability of SSBs between legacy UEs and Rel-19 NES capable UEs. 

The default SSB configuration can be configured with either long SSB periodicity or short SSB periodicity. If the default SSB configuration periodicity is configured with long SSB periodicity, then legacy UEs will experience access delay. If the default SSB periodicity is configured as low, then adapting the default SSB periodicity from low value to high value cannot be done dynamically as it is configured in SIB1.
Observation 1: 
Adaptation of SSB based on two configurations will increase the signalling overhead, as we have to define SSB periodicity and SSB position in burst in the new SSB configuration and it is signalled through SIB1.
Observation 2: 
Adaptation of SSB based on two configurations will not ensure fairness on the availability of the SSB between legacy UE and release 19 NES capable UEs. UEs configured with low SSB periodicity will get more frequent SSBs. 
Observation 3: 
If this new configuration is added in SIB1, then SSB configuration cannot be indicated to the UEs dynamically as needed since SIB1 is transmitted with 160msec periodicity. Hence dynamic signalling configuration is required.
Proposal 1:  
Adaptation of SSB with single SSB configuration should be considered as additional configuration will increase signalling overhead and will not create equal opportunities for SSB reception among legacy UEs and Rel-19 NES capable UEs.

2.2 Non-Uniform SSB transmission for UEs in inactive/idle mode
From TR 38.864, Network energy saving gain increases as we increase the SSB burst periodicity. It is because the base station can be kept in sleep mode for a longer duration, the longer the sleep duration, the higher the NES. SSB periodicity can be adapted dynamically based on the network load. Base station can configure any one of the following SSB periodicity values {5,10,20,40,80,160} msec. 

Adaptation of SSB periodicity can be done in several ways. From the 3gpp RAN#116 agreements, “Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration” is kept for further study. For legacy UEs, updating the SSB periodicity can be done through SIB1 information, and for Rel-19, new SSB periodicity can be updated through dynamic signaling. There are two possible cases for adapting the SSB periodicity based on the network load. 

Case 1: Going from a high SSB period to a low SSB period ( ), equivalent to a network going from low load to high load.
Case 2: Going from a low SSB period to a high SSB period ( ), equivalent to the network going from high load to low load.


	Parameter
	Definition

	t1
	Time instant where the DCI indicates a change in the SSB periodicity. 

	t2
	Time instant where the SIB1 is transmitted.

	
	Old SSB periodicity before receiving DCI indicating change in SSB periodicity.

	
	New SSB periodicity before receiving DCI indicating change in SSB periodicity.



Table 1: Parameter description
2.2.1 Case 1: 
Initially, legacy UEs and release 19 NES capable UEs will follow a common SSB periodicity.  as shown in 
Figure 1 . When the network load increases, at time t1 release, 19 NES capable UEs will be indicated about the updated SSB periodicity   and SSB position in burst using dynamic signalling i.e., DCI. Rel-19 NES-capable UEs will follow the updated SSB periodicity after receiving a new SSB periodicity value through dynamic signalling. 

Proposal 2:  [bookmark: Section2p2p1]
Rel-19 NES capable UEs can be indicated about the change in the SSB periodicity using dynamic signaling, i.e., using the DCI.
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[bookmark: _Ref162524533][bookmark: _Ref162524524]
[bookmark: _Ref162590062][bookmark: _Ref162590049]Figure 1: SSB periodicity adaptation using dynamic signalling 

Figure 1 shows the SSB periodicity adaptation using dynamic signaling for Rel-19 NES capable UEs and through SIB1 for legacy UEs. At time instant t2 legacy UEs will be indicated with the updated SSB periodicity through SIB1. After time t2, both Rel-19 NES capable UEs and legacy UEs will follow the same SSB periodicity . In this way Rel-19 NES capable UEs and legacy UEs can be made aware of the updated SSB periodicity. Since, in this case, network load is increasing, at least Rel-19 NES capable UEs will be made aware of the updated SSB periodicity instantaneously, so that Rel-19 NES capable UEs will get more opportunities for SSB reception. In this way, load balancing will happen between Rel-19 NES capable UEs and legacy UEs till legacy UEs are made aware of the new SSB periodicity through SIB1. 


The time between  and  is the SSB periodicity migration time for the legacy UEs. During this time, Rel-19 NES capable UEs will instantaneously switch to new SSB periodicity with dynamic signalling. Legacy UEs will decode the SIB1 and get the new SSB periodicity during the migration time.
  

2.2.2 Case 2: 
In this case, the network is going from high load to low load case, i.e., Low SSB periodicity.  to high SSB periodicity . In this case, as well Rel-19 NES capable UEs can be indicated about the change in SSB periodicity and SSB position in burst through dynamic signaling. Legacy UEs will be indicated through SIB1 semi-statically. Idle/Inactive UEs need SSB for synchronisation before decoding Paging information. To ensure synchronization for legacy UEs and Rel-19 NES capable UEs instead of abruptly changing the SSB periodicity, a non-uniform adaptation of SSB can be made.
 For example, let old SSB periodicity is  = 20 msec and the new SSB periodicity is  = 160 msec. Then legacy UEs/Rel-19 NES capable UEs will not find the SSB till 160 msec since SSB periodicity changed from 20 msec to 160 msec, which will create synchronization issues for decoding paging information. Instead of abruptly changing the SSB period, adaptation of SSB periodicity can be done non-uniformly such that, it should make sure that some SSBs are available before decoding paging information.
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[bookmark: _Ref162622014][bookmark: _Ref162621489]Figure 2: SSB adaptation from 20 msec to 160 msec
Note1: SSB adaptation time starts at SSB that is transmitted just before the DCI, indicating a change in SSB periodicity. Adaptation time duration is  msec. This can be seen in Figure 2. During the SSB adaptation time SSBs are transmitted with a varying SSB periodicity. After completion of SSB adaptation time, SSBs will be transmitted uniformly with the new SSB periodicity of  msec.

In this way, we can avoid the additional signaling for non-uniform SSB transmission during the SSB periodicity modification.

Proposal 3:  [bookmark: Section2p2p2]
If SSB periodicity is changing from high value to low value i.e., (when ), then SSB periodicity modification is done by the base station instantaneously. This is indicated to Rel-19 NES capable UEs using dynamic signaling. Indication to legacy UEs is done through SIB1. 

Proposal 4:  
If the SSB periodicity value is changing from a low value  to high value   then SSBs are transmitted with a varying SSB periodicity pattern (Geometric progression sum pattern) during the SSB adaptation time. 


Proposal 5:  
When SSB periodicity adaptation happens from low periodicity value to high periodicity value i.e., , after completion of SSB adaptation time, the base station will transmit SSB with a new SSB periodicity  uniformly. This scheme is applicable to new SSB periodicity values greater than 160 msec, i.e., 320 msec, 640 msec, and beyond. 



2.3 Adapting the transmitted number of SSBs within a SSB burst 

Adapting the transmitted number of SSB within a SSB burst can be done using the RRC parameter ssb-PositionsInBurst. The ssb-PositionsInBurst contains inOneGroup, indicates which SSB index is selected within a SSB group and groupPresence, indicate which SSB group is selected. This is indicated to the UE using SIB1. Both legacy UEs and Rel-19 NES capable UEs can use this parameter to know the SSB position in burst. For faster indication of change in the SSB position in burst a dynamic signalling containing ssb-PositionsInBurst can be used. This dynamic signalling is for Rel-19 NES capable UEs, whereas legacy UEs can still use the SIB1. 

Observation 4: [bookmark: Section2p3]
NES gain obtained by adapting the transmitted number of SSBs within a SSB burst is not significant compared to NES gain obtained by adapting SSB periodicity.   
Proposal 6:  
For Rel-19 NES capable UEs, an indication of the change in the transmitted number of SSBs within an SSB burst can be done through dynamic signaling (DCI). DCI should contain the fields inOneGroup and groupPresence representing the SSBs present in the SSB burst. Legacy UEs can use the existing SIB1 information. 

2.4 Cell DTX for SSB adaptation 
DTX operation for SSB will give NES gain. This DTX transmission is not transparent to the legacy UEs. When there is less network load, then the base station can do DTX of SSB. Rel-19 NES capable UEs can be indicated by the cell DTX duration using some dynamic signalling. To reduce the impact on the legacy UEs, DTX of SSBs can be done on the SCell during a multicarrier scenario. 
Proposal 7:  [bookmark: Section2p4]
DTX for SSB can be indicated to the Rel-19 NES capable UEs using dynamic signalling. DTX transmission should be done in SCell during carrier aggregation to reduce initial access delay. 
2.5 Whether to support new SSB burst periodicity value(s) 
From TR 38.864, as we increase the SSB periodicity network energy saving gain increases. When there is low network load then high SSB periodicity values can lead to high NES. This new SSB periodicities can be used when there is multicarrier scenario. New SSB periodicity will be applicable to SCell. For PCell legacy SSB periodicity values can be considered. In this way legacy UEs will not experience access delay. A new scaling parameter can be introduced, which will scale the existing SSB periodicity to indicate the new SSB periodicity. This scaling parameter will have a range so that an increase/decrease in SSB periodicity can be indicated to the Rel-19 NES capable UEs dynamically.
Observation 5: [bookmark: Section2p5]
Legacy UEs will not support these new SSB burst periodicity values and blindly try to decode SSB, assuming that the base station has transmitted SSB. Due to this legacy UEs will experience increased access delay.
Proposal 8:  
New SSB periodicities greater than 160 msec should be introduced for SCell as it will increase the NES gain. FFS: Impact on legacy UEs due to SSB periodicity greater than 160 msec.
Proposal 9:  
New scaling parameter should be introduced to indicate an increase/decrease in the SSB periodicity. This can be indicated through a DCI message.
Proposal 10:  
New SSB periodicities should be used on the SCell during multi-carrier scenarios. 
Proposal 11:  
FFS: For the new SSB periodicity values, changes are brought in for SMTC configuration and SSB to PRACH association pattern. 

2.6 Whether to support new SSB burst(s) (i.e., how SSB transmission is made within a burst) 
NES gain from the compact SSB burst is not significant compared to NES gain that we get from increasing the SSB periodicity. Similarly adapting the position of SSBs within the burst will not give significant NES gain. 
Observation 6: [bookmark: Section2p6]
Legacy UEs will not understand this new configuration. NES gain is not significant compared to adapting the SSB periodicity. 
Proposal 12:  
New compact pattern/Adapting the position of SSB within the burst, should not be considered as it will not give significant NES gain. 
3. Adaptation of PRACH
The following agreement has been reached regarding mechanisms for adapting PRACH in the time domain.

Agreement 
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded

Agreement 
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 NES capable UEs)

From TR 38.864, the technique A-1-5, adapting common signals, i.e., RACH has been analyzed. One of the observations is that adaptation of RACH occasions can achieve BS energy savings by 14.4%~24.9% for BS Category 1 at empty load case under FR1 TDD compared to 10ms RACH periodicity without adaptation. The gain generally increases as PRACH periodicity increases for the same number of SSBs. On UPT/access delay/latency, this scheme increases access delay/latency from 10ms to 70ms, proportional to the increased PRACH periodicity.
[bookmark: _Ref163021961]3.1 Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs

Adaptation of PRACH periodicity can be signaled to legacy UEs through SI (System information) update. SIB1 carries the PRACH configuration. RACH-ConfigGeneric is the higher layer parameter that carries the PRACH-related parameters. prach-ConfigurationIndex is the parameter that defines PRACH periodicity and time domain location of PRACH slots. There is one more parameter, msg1-FDM, that defines the frequency locations of PRACH. In the frequency domain, up to 8 PRACH occasions can be transmitted. Since the adaptation of PRACH periodicity cannot be done dynamically, a new PRACH configuration can be defined. This new PRACH configuration is known to Rel-19 NES capable UEs only. Based on the network load new PRACH configuration can be dynamically changed. 


Proposal 13:  [bookmark: Section3p1]
Two PRACH configurations can be considered. The default configuration can be used by legacy UEs, whereas Rel-19 NES-capable UEs can use both default and additional configuration. Based on the network load, new PRACH configuration can be enabled or disabled, or changed dynamically. 
Proposal 14:  
Study further the Association between SSB and new PRACH resources. 
3.2 Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
Adaptation for PRACH configuration period level should be considered. PRACH resource periodicity can be varied by changing the prach-ConfigurationIndex in SIB1. Legacy UEs will be indicated about the prach-ConfigurationIndex using SIB1. Rel-19 NES-capable UEs can either use the default PRACH configuration or can be indicated with the new PRACH configuration index dynamically. PRACH configuration index defines PRACH occasions periodicity. Table 6.3.3.2-2 to 6.3.3.2.4 in 38.211 defines the PRACH periodicity for a given PRACH configuration index. 
[image: ]
[bookmark: _Ref163021413]Table 2: PRACH configuration index table.

Observation 7: [bookmark: Section3p2]
PRACH resource periodicity can be changed using the parameter PRACH config index that is present in SIB1. By changing the configuration index, PRACH configuration periodicity can be changed, as shown in the above table. 
Proposal 15:  
Legacy UEs will be using SIB1 for knowing the PRACH configuration periodicity. Rel-19 NES-capable UEs can use either SIB1 or dynamic signaling to know about the PRACH configuration index.  
Proposal 16:  
When additional configuration is signalled through DCI, then Rel-19 NES capable UEs will use this new PRACH configuration for PRACH transmission. Similarly, DCI can turn off and the Rel-19 NES capable UEs will use SIB1 to get the PRACH configuration information. 
Proposal 17:  
Turning on/off can be done based on the number of UEs that are trying to send PRACH or based on the network load. 
3.3 Adaptation of PRACH resource periodicity/PRACH occasion
Changing the PRACH configuration period without changing the PRACH configuration index can be done by introducing a scaling factor to (PRACH configuration periodicity). This can be applied to the newly defined SSB configuration (As described in section 3.1). Scaling factor () cannot be applied to the default PRACH configuration as the legacy UEs are not aware of this new parameter.  A new parameter  can be defined such that, . Where ,  and  are frame number, PRACH periodicity and Frame offset respectively, given in Table 2. 

	Parameter
	Description

	
	PRACH configuration period

	
	PRACH frame offset

	
	PRACH periodicity scaling parameter

	
	PRACH frame offset parameter

	
	PRACH slot offset parameter



In this way we can increase or decrease the PRACH periodicity without changing the PRACH configuration index. Frame offset () of the PRACH can also be adjusted by introducing frame offset parameter , such that, ). Using PRACH configuration scaling factor () and frame offset () we can efficiently multiplex PRACH resources of legacy UE and PRACH resources of Rel-19 NES capable UEs. Slot offset value () can be considered for multiplexing PRACH resources for legacy UEs and Rel-19 NES capable UEs. 
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Figure 3:  PRACH periodicity and position adaptation by changing the PRACH time domain parameters  
Proposal 18:  [bookmark: Section3p3]
PRACH configuration periodicity can be dynamically adapted by introducing a scaling parameter , such that . Configuration periodicity can be increased or decreased by choosing the scaling parameter appropriately.
Further study the range of scaling factor (). 
Proposal 19:  
ROs frame offset can be dynamically changed using a frame offset parameter , such that ).  Range of frame offset () is (0, 1, 2, …,159).
Proposal 20:  
Slot offset  should be considered for adapting the PRACH occasions transmission occasions. The range of slot offset is ().
Proposal 21:  
FFS: The association between SSB and PRACH when PRACH periodicity goes beyond 160 msec due to the scaling factor . 

3.4 Adaptation based on extending cell DRX operation for PRACH
Base station will not monitor the PRACH transmission falling in the DRX duration. Rel-19 NES capable UEs can be indicated about the cell DRX duration using dynamic signalling. Legacy UEs are not aware of this cell DRX duration. Legacy UEs sending PRACH during DRX time will not receive corresponding PDCCH/PDSCH from base station side. 
Observation 8: [bookmark: Section3p4]
Further study Impact on legacy UE, as it blindly sends PRACH during cell DRX duration and waits for PDCCH/PDSCH transmission from the base station side. 

Proposal 22:  
Rel-19 NES capable UEs can be indicated dynamically about the cell DRX duration. So Rel-19 UE will hold PRACH transmission during this duration. 

Proposal 23:  
During cell DRX duration, legacy UEs will do multiple failed RACH attempts. At each PRACH re-transmission, UE will increase the PRACH transmission power. This will impact the UE NES. 
FFS: impact on the legacy UEs due to extension of cell DRX operation for PRACH.

3.5 Concentrating ROs in time domain
Concentrating of RACH occasions need configuring a new kind of PRACH transmission pattern. The existing PRACH configuration pattern have periodic RACH transmission. New concentrating RACH occasion pattern must be defined for the Rel-19 NES capable UEs as it will improve NES. This should be done on the SCell as the legacy UEs will not understand the new PRACH occasions. 
Proposal 24:  [bookmark: Section3p5]
Defining a new concentrating ROs will have a specification impact, such as defining a new set of time resources for ROs and SSB to RACH association mapping rules.  This should be applied in the SCell as legacy UEs will not know this new PRACH occasions.
Further, study the NES gains obtained using concentrated ROs. 


4 Adaptation of paging occasions
The following agreement in RAN#116 has been reached regarding mechanisms for adapting paging occasions in the time domain.

Agreement 
For adaptation of paging, 

· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
· Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2

4.1 Techniques for adaptation of paging occasions in time-domain and achievable network energy savings
Paging is defined for idle/inactive UEs, to indicate to the UE about the SI (System information) update. It is transmitted uniformly with a certain periodicity based on the UE ID. Paging frames are transmitted periodically and contain one or more paging occasions. Since paging occasions are transmitted periodically, base station will not get the opportunity to be in a deep sleep state. Paging is configured using the higher layer parameters. In the WID, it was told that there should not be any paging latency; hence, increasing the PF periodicity is not recommended. Use clustered PFs for Rel-19 NES-capable UEs. Legacy UEs can still use the legacy paging configuration, as there is a strict restriction on legacy UEs' latency.
Proposal 25:  [bookmark: Section4p1]
New paging configuration can be introduced for Rel-19 NES capable UEs. Rel-19 NES capable UEs can use the clustered Paging frames. Legacy UEs can still use the existing paging configuration.

4. Conclusions
Observation 1: 
Adaptation of SSB based on two configurations will increase the signalling overhead, as we have to define SSB periodicity and SSB position in burst in the new SSB configuration and it is signalled through SIB1.
Observation 2: 
Adaptation of SSB based on two configurations will not ensure fairness on the availability of the SSB between legacy UE and release 19 NES capable UEs. UEs configured with low SSB periodicity will get more frequent SSBs. 
Observation 3: 
If this new configuration is added in SIB1 then SSB configuration cannot be indicated to the UEs dynamically as need basis, since SIB1 is transmitted with 160msec periodicity. Use dynamic signalling configuration. 
Proposal 1:  
Adaptation of SSB with single SSB configuration should be considered as additional configuration will increase signalling overhead and will not create equal opportunities for SSB reception among legacy UEs and Rel-19 NES capable UEs.

Proposal 2:  
Rel-19 NES capable UEs can be indicated about the change in the SSB periodicity using dynamic signaling, i.e., using the DCI.
Proposal 3:  
If SSB periodicity is changing from high value to low value i.e., (when ), then SSB periodicity modification is done by the base station instantaneously. This is indicated to Rel-19 NES capable UEs using dynamic signaling. Indication to legacy UEs is done through SIB1. 

Proposal 4:  
If the SSB periodicity value is changing from a low value  to high value   then SSBs are transmitted with a varying SSB periodicity pattern (Geometric progression sum pattern) during the SSB adaptation time. 


Proposal 5:  
When SSB periodicity adaptation happens from low periodicity value to high periodicity value i.e., , after completion of SSB adaptation time, the base station will transmit SSB with a new SSB periodicity  uniformly. This scheme is applicable to new SSB periodicity values greater than 160 msec, i.e., 320 msec, 640 msec, and beyond. 
Observation 9: 
NES gain obtained by adapting the transmitted number of SSBs within a SSB burst is not significant compared to NES gain obtained by adapting SSB periodicity.   
Proposal 6:  
For Rel-19 NES capable UEs, an indication of the change in the transmitted number of SSBs within an SSB burst can be done through dynamic signaling (DCI). DCI should contain the fields inOneGroup and groupPresence representing the SSBs present in the SSB burst. Legacy UEs can use the existing SIB1 information. 
Proposal 7:  
DTX for SSB can be indicated to the Rel-19 NES capable UEs using dynamic signalling. DTX transmission should be done in SCell during carrier aggregation to reduce initial access delay. 
Observation 10: 
Legacy UEs will not support these new SSB burst periodicity values and blindly try to decode SSB, assuming that the base station has transmitted SSB. Due to this legacy UEs will experience increased access delay.
Proposal 8:  
New SSB periodicities greater than 160 msec should be introduced for SCell as it will increase the NES gain. FFS: Impact on legacy UEs due to SSB periodicity greater than 160 msec.
Proposal 9:  
New scaling parameter should be introduced to indicate an increase/decrease in the SSB periodicity. This can be indicated through a DCI message.
Proposal 10:  
New SSB periodicities should be used on the SCell during multi-carrier scenarios. 
Proposal 11:  
FFS: For the new SSB periodicity values, changes are brought in for SMTC configuration and SSB to PRACH association pattern. 
Observation 11: 
Legacy UEs will not understand this new configuration. NES gain is not significant compared to adapting the SSB periodicity. 
Proposal 12:  
New compact pattern/Adapting the position of SSB within the burst, should not be considered as it will not give significant NES gain. 
Proposal 13:  
Two PRACH configurations can be considered. The default configuration can be used by legacy UEs, whereas Rel-19 NES-capable UEs can use both default and additional configuration. Based on the network load, new PRACH configuration can be enabled or disabled, or changed dynamically. 
Proposal 14:  
Study further the Association between SSB and new PRACH resources. 
Observation 12: 
PRACH resource periodicity can be changed using the parameter PRACH config index that is present in SIB1. By changing the configuration index, PRACH configuration periodicity can be changed, as shown in the above table. 
Proposal 15:  
Legacy UEs will be using SIB1 for knowing the PRACH configuration periodicity. Rel-19 NES-capable UEs can use either SIB1 or dynamic signaling to know about the PRACH configuration index.  
Proposal 16:  
When additional configuration is signalled through DCI, then Rel-19 NES capable UEs will use this new PRACH configuration for PRACH transmission. Similarly, DCI can turn off and the Rel-19 NES capable UEs will use SIB1 to get the PRACH configuration information. 
Proposal 17:  
Turning on/off can be done based on the number of UEs that are trying to send PRACH or based on the network load. 
Proposal 18:  
PRACH configuration periodicity can be dynamically adapted by introducing a scaling parameter , such that . Configuration periodicity can be increased or decreased by choosing the scaling parameter appropriately.
Further study the range of scaling factor (). 
Proposal 19:  
ROs frame offset can be dynamically changed using a frame offset parameter , such that ).  Range of frame offset () is (0, 1, 2, …,159).
Proposal 20:  
Slot offset  should be considered for adapting the PRACH occasions transmission occasions. The range of slot offset is ().
Proposal 21:  
FFS: The association between SSB and PRACH when PRACH periodicity goes beyond 160 msec due to the scaling factor . 
Observation 13: 
Further study Impact on legacy UE, as it blindly sends PRACH during cell DRX duration and waits for PDCCH/PDSCH transmission from the base station side. 

Proposal 22:  
Rel-19 NES capable UEs can be indicated dynamically about the cell DRX duration. So Rel-19 UE will hold PRACH transmission during this duration. 

Proposal 23:  
During cell DRX duration, legacy UEs will do multiple failed RACH attempts. At each PRACH re-transmission, UE will increase the PRACH transmission power. This will impact the UE NES. 
FFS: impact on the legacy UEs due to extension of cell DRX operation for PRACH.
Proposal 24:  
Defining a new concentrating ROs will have a specification impact, such as defining a new set of time resources for ROs and SSB to RACH association mapping rules.  This should be applied in the SCell as legacy UEs will not know this new PRACH occasions.
Further, study the NES gains obtained using concentrated ROs. 

Proposal 25:  
New paging configuration can be introduced for Rel-19 NES capable UEs. Rel-19 NES capable UEs can use the clustered Paging frames. Legacy UEs can still use the existing paging configuration.
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Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum.
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Configuration | format symbol of c, o,
Index PRACH | number of | PRACH
slots time duration
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0 0 16 1 9 0 - - 0

1 0 8 1 9 0 - - 0

2 0 4 1 9 0 - - 0

3 0 2 0 9 0 - — 0
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