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1. [bookmark: _Ref163021500]Introduction
RAN working group approved work item on enhancements of network energy saving. Following are the objectives

	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 RAN1 # 116 bis meeting, agreements are made on adaptation of SSB and adaptation of PRACH. 
This contribution aims to elaborate on certain open issues identified from the previous RAN1#116-bis meeting.
2. Adaptation of SSB
From 3GPP RAN # 116 bis meeting, following agreements are made related to SSB adaptation.

	Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenarios(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



There are two kinds of SSB as per 3GPP specification. CD-SSB, which had an associated SIB1. The CD-SSB is transmitted in a cell, supporting initial access/idle mode operation. NCD-SSB is transmitted in a secondary CELL used for CA. NCD-SSB will not have associated SIB1, hence it will not support initial access or idle mode operation. Cell defining SSBs are always transmitted in PCell for assisting inactive/ ideal mode UEs. CD-SSB are always transmitted irrespective of network load condition. Hence SSB adaptation for CD-SSB both in PCell and SCell should be prioritized. 

Proposal 1:  Supporting SSB adaptation for CD-SSB in PCell and SCell i.e., Supporting option A1 and option B1. 

From the last 3GPP meetings, RAN1#116, “Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration,” is kept for further study. This scheme is introduced to make sure that, when SSB periodicity changed from 20 msec to 160 msec, some SSBs are available for synchronization and paging information decoding. 

Proposal 2:  Adaptation based on skipping/transmitting some SSB bursts non-uniformly with a single SSB configuration should be prioritized, as some SSBs are required for UE synchronization before decoding paging information.    
  
2.1 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 burst periodicity can be adapted dynamically based on the network load. The base station can configure any one of the following SSB burst periodicity values {5,10,20,40,80,160} msec according to Rel-18 specification. 

Adaptation of SSB burst periodicity can be done in several ways. For legacy UEs, signaling the change in SSB burst periodicity can be done through SIB1, and for Rel-19, a new SSB burst periodicity value can be signaled through dynamic signaling. There are two cases possible for adapting the SSB burst periodicity based on the network load. 

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

Case 2: Going from a low SSB burst period to a high SSB burst 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 burst periodicity. 

	t2
	Time instant where the SIB1 is transmitted.

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

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



Table 1: Parameter description

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

Proposal 3:  [bookmark: Section2p2p1]Rel-19 NES capable UEs can be indicated about the change in the SSB burst periodicity using dynamic signalling, i.e., using the DCI.
[image: ]
[bookmark: _Ref162524533][bookmark: _Ref162524524]
[bookmark: _Ref162590062][bookmark: _Ref162590049]Figure 1: SSB burst periodicity adaptation using dynamic signalling

Figure 1 shows the SSB burst periodicity adaptation using dynamic signalling 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 burst periodicity through SIB1. After time t2, both Rel-19 NES capable UEs and legacy UEs will follow the same SSB burst periodicity . In this way Rel-19 NES capable UEs and legacy UEs can be made aware of the updated SSB burst periodicity. Since, in this case, network load is increasing, at least Rel-19 NES capable UEs will be made aware of the updated SSB burst periodicity instantaneously using DCI, 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 burst periodicity through SIB1. 


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

2.1.2 Case 2: 
In this case, the network is going from high load to low load case, i.e., Low SSB burst periodicity,  to high SSB burst periodicity . In this case, as well Rel-19 NES capable UEs can be indicated about the change in SSB burst periodicity and SSB position in burst through dynamic signalling. 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 burst periodicity, a non-uniform adaptation of SSB can be made.
 For example, let old SSB burst periodicity is  = 20 msec and the new SSB burst periodicity is  = 160 msec. Then legacy UEs/Rel-19 NES capable UEs will not find the SSB till 160 msec since SSB burst periodicity is 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 burst periodicity can be done non-uniformly such that, it should make sure that some SSBs are available before decoding paging information.

As shown in Figure 2, if SSB periodicity is changed from 20msec to 160 msec, then SSBs will be present at time location t1 and t1+160 msec. But following a geometric progression sum pattern, an additional SSBs can be transmitted at t1+80, t1+120 and t1+140 msec. This will ensure synchronisation at UE side, required for paging information decoding. 
[image: ]
[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, which is indicating a change in SSB burst 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 burst periodicity. After completion of SSB adaptation time, SSBs will be transmitted uniformly with the new SSB burst periodicity of  msec.

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

[bookmark: Section2p2p2]
Proposal 4:  For UEs in idle/ inactive mode, if SSB burst periodicity is changing from high value to low value i.e., (when ), then SSB burst 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 5:  For UEs in idle/ inactive mode, If the SSB burst periodicity value is changing from a low value  to high value   then, SSBs are transmitted with a varying SSB burst periodicity pattern (Geometric progression sum pattern) during the SSB adaptation time. After completion of SSB adaptation time, the base station will transmit SSB with a new SSB burst periodicity  uniformly. This pattern does not require any bit map, for indicating SSB burst indices to UEs and it will reduce the signaling overhead. 

Proposal 6:  New SSB burst periodicity can be signaled by using dynamic signaling. FFS: Signaling mechanism for SSB periodicity adaptation. 
 



3. Adaptation of PRACH
During the RAN-116 bis meeting following agreements were made on PRACH adaptation for NES.  It was agreed to have additional PRACH resources in addition to legacy PRACH resources for Rel-19 NES capable UEs. It was agreed that, NES capable UEs can use both additional PRACH resources as well as legacy PRACH resources. There are two items, which are kept for further study. 
· “Details including whether there is overlap of additional PRACH resources and PRACH resources for legacy UEs”. 
· “Adaptation mechanism for additional PRACH resources”. 
	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 signaling.
· 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 resources
· FFS: SSB-RO mapping for the additional PRACH resources 



The purpose of introducing additional PRACH resources is to do load balancing between legacy UEs and release 19 NES capable UEs during high network load. According to our understanding, the legacy PRACH configuration will be set with high PRACH configuration periodicity during low network load. When the network load increases, additional PRACH resources are enabled. 
The methods used in generating PRACH resources for IAB, specified in Rel-18, i.e., Scaling PRACH configuration periodicity, frame offset, and slot offset, can be used for generating the additional PRACH resources for NES. 
Method 1:
When the network load is low, a high PRACH configuration periodicity can be set. When the network load is high, then scaling factor reducing the PRACH configuration period, can be signalled to Rel-19 NES capable UEs. Figure 3 and equation (1) shows, how the PRACH configuration period can be changed using a scaling factor. Where x and y are PRACH configuration periodicity and PRACH frame offset, respectively, as defined in 38.211. This equation (1) is like the one introduced in section 6.3.3.2 of 38.211 document for IAB. 
	y
	[bookmark: _Ref165629096](1)



[image: ]

[bookmark: _Ref165572821]Figure 3: Legacy and additional PRACH resources, when configuration periodicity is scaled
As shown in Figure 3, a scaling factor of  is used, to reduce the PRACH configuration periodicity
from 40msec to 20msec. This will create additional PRACH resources, which are shown in green colour in Figure 3. Values of the new scaling factor depend on the legacy PRACH configuration periodicity. If the legacy PRACH configuration periodicity is 40 msec, then the scaling factor can be 4 and 2. If the legacy PRACH configuration periodicity is 160 msec, then the scaling factor can be 16,8,4 and 2. This method will not create an overlap of legacy and additional PRACH resources. Creating additional PRACH resources will impact uplink throughput.  has to be carefully chosen. 

Method 2:
Another method of adapting additional PRACH resources is, to introduce a frame offset to the legacy PRACH resources to create additional PRACH resources. This method gives more NES gain, as we can create clustered PRACH resources across time. The base station can get more time to be in sleep mode, even though additional PRACH resources are present.  

	
	(2)



[image: ]

[bookmark: _Ref165573235]Figure 4: Legacy and additional PRACH resources when, frame offset is used for adaptation
Figure 4, shows adaptation of additional PRACH resources using frame offset parameter  . This method will not create overlap of legacy and additional PRACH resources. This equation (2) is like the one introduced in section 6.3.3.2 of 38.211 document for IAB.


Method 3: Another method to adapt additional PRACH resources is by using PRACH slot offset, as shown in Figure 5. Using PRACH offset, we can generate additional PRACH resources for NES capable Rel-19 UEs. 

[image: ]
[bookmark: _Ref165573202]Figure 5: Adapting PRACH resources using slot offset
This method further increases the base station sleep duration compared to method1 or method 2. Above method 1 to 3, will use the same PRACH configuration as that of legacy PRACH configuration. 

This method might create overlap of legacy PRACH resources and additional PRACH resources. Let’s say the default configuration index is 27 for FR1 TDD, where the PRACH resources will be present in slot 1,3,5,7 and 9. If slot offset value is 2, then additional PRACH resources and legacy PRACH resources will be overlapped.

Method 4:
Another method for adapting additional PRACH resources is, by using a separate RACH configuration for additional PRACH resources. As shown in Figure 6, Legacy PRACH configuration index is taken as 30 and PRACH configuration index for generating additional PRACH resources is taken as 32. Legacy PRACH resources occur with 40 msec periodicity and Additional PRACH resources occur with a periodicity of 20 msec. 

[image: ]
[bookmark: _Ref165553015]Figure 6: Adapting PRACH resources using additional PRACH configuration
Using a separate PRACH configuration index for generating additional PRACH resources will lead to overlap of legacy and additional PRACH resources. In Figure 6, in frame index 1 and 3 there is an overlap of additional and legacy RACH resources. 

	S.No
	Method
	Overlap of legacy and additional PRACH resources
	Comments

	1
	Periodicity scaling
	No overlap
	This method uses the same PRACH configuration index as that of the legacy PRACH configuration index for generating additional PRACH resources.

	2
	Frame offset
	No overlap
	

	3
	Slot offset
	May or may not overlap
	

	4
	Using additional PRACH configuration
	May or may not overlap
	This method uses a different PRACH configuration index from that of the legacy PRACH configuration index for generating additional PRACH resources.


[bookmark: _Ref165573624]
Table 2: Summary of PRACH adaptation method for additional PRACH resources
A summary of all four methods is shown in Table 2. Method 1 and 2 should be chosen for PRACH periodicity adaptation (when PRACH configuration periodicity is greater than 10msec) as there is no overlap of additional PRACH resources with legacy PRACH resources. This is because when there is an overlap of additional PRACH resources with legacy PRACH resources, there will be a problem in SSB-RO mapping. This is shown Figure 7.

[image: ]
[bookmark: _Ref165570540]
[bookmark: _Ref165570784]Figure 7: SSB RO mapping when there is overlap of legacy and additional PRACH resources
In Figure 7, one SSB per RO is assumed, and legacy PRACH resources and additional PRACH resources will follow separate SSB-RO mapping. As shown in Figure 7, in slot 7 single RO is mapped to two different SSB indices i.e., SSB1 and SSB2. 

Proposal 7:  For mapping SSB to additional PRACH resources, same SSB-RO mapping rule defined in the rel-18 specification should be followed. 

Proposal 8:  PRACH adaptation methods, that avoid an overlap of legacy and additional PRACH resources should be considered. 

Proposal 9:  When legacy PRACH configuration periodicity is greater than 10 msec, following methods should be considered for generating additional PRACH resources. 
1. Scaling of PRACH configuration periodicity i.e., . PRACH configuration for additional PRACH resources is the same as the legacy PRACH configuration. 
2. Using frame offset () value to generate additional PRACH resources i.e., . PRACH configuration for additional PRACH resources is the same as the legacy PRACH configuration.

Proposal 10:  FFS: The values of the scaling parameter () and the frame offset () and signaling aspects.

Proposal 11:  FFS: Combination of PRACH configuration periodicity and frame offset can be considered for more flexibility. 


4. Conclusions
Proposal 1:  Supporting SSB adaptation for CD-SSB in PCell and SCell i.e., Supporting option A1 and option B1. 

Proposal 2:  Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration should be prioritized, as some SSBs are required for UE synchronisation before decoding paging information.    
Proposal 3:  Rel-19 NES capable UEs can be indicated about the change in the SSB burst periodicity using dynamic signaling, i.e., using the DCI.

Proposal 4:  For UEs in idle/ inactive mode, if SSB burst periodicity is changing from high value to low value i.e., (when ), then SSB burst 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 5:  For UEs in idle/ inactive mode, If the SSB burst periodicity value is changing from a low value  to high value   then, SSBs are transmitted with a varying SSB burst periodicity pattern (Geometric progression sum pattern) during the SSB adaptation time. After completion of SSB adaptation time, the base station will transmit SSB with a new SSB burst periodicity  uniformly. This pattern does not require any bit map, for indicating SSB burst indices to UEs and it will reduce the signaling overhead. 

Proposal 6:  New SSB burst periodicity can be signaled by using dynamic signaling. FFS: Signaling mechanism for SSB periodicity adaptation.

Proposal 7:  For mapping SSB to additional PRACH resources, same SSB-RO mapping rule defined in rel-18 specification should be followed. 

Proposal 8:  PRACH adaptation methods, that are avoiding overlap of legacy and additional PRACH resources should be considered. 

Proposal 9:  When legacy PRACH configuration periodicity is greater than 10 msec, following methods should be considered for generating additional PRACH resources. 
1. Scaling of PRACH configuration periodicity i.e., . PRACH configuration for additional PRACH resources is same as legacy PRACH configuration. 
2. Using frame offset () value to generate additional PRACH resources i.e., . PRACH configuration for additional PRACH resources is same as legacy PRACH configuration.

Proposal 10:  FFS: The values of the scaling parameter () and the frame offset () and signaling aspects.

Proposal 11:  FFS: Combination of PRACH configuration periodicity and frame offset can be considered for more flexibility. 
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