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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]A Rel. 18 study item on “Study on network energy savings for NR” was approved in RAN#94-e [1]. During the study item, the network energy saving gains for potential techniques in various domains were studied and the conclusion of the study was captured in TR 38.864 [2]. A Rel. 19 work item to extend work on techniques for NES to common signals/channels was started in  RAN1#116 [3]. Some of the agreements on adaptation of common signal and channel transmissions in the RAN1#116b [4] meeting is given below. 
	Agreement
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger

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 


This contribution further discusses techniques for adaptation of common signal and channel transmissions for network energy savings (NES).

2 Techniques for adaptation of common signal and channel transmissions
In NR, irrespective of the load, number of connected UEs, the gNB has to perform transmission of mandatory common signals and channels (e.g., transmission of SSB) to ensure the availability of the cell to the UEs and for maintenance of the link. These mandatory operations consume energy at the gNB even when gNB is not serving any transmitted UE. Adapting the common signals and channels and optimizing the operations in terms of energy consumption and performance helps in power saving at the gNB without creating much effect in performance. 
2.1 Adapting the number/periodicity of transmitted SSBs within a burst
In NR, the SSBs transmitted in a burst and the periodicity of burst are configured semi-statically using radio resource control (RRC). Currently, the number of transmitted SSBs in a burst is the same for all bursts, and the periodicity is uniform across all transmitted SSBs. This leads to unnecessary transmission of SSB in certain scenario. E.g., frequent transmission of SSB is needed for a sector having high UE arrival rate like shopping mall, whereas it is not needed for a sector with low UE arrival rate. Using current approach, the number of transmitted SSBs and the periodicity of burst should correspond to the sector having highest UE arrival rate that leads to unnecessary transmission of SSB in sectors with low UE arrival rate. Configuring different periodicities for transmitted SSB beams or groups of SSB beams in a burst, or adjusting the number of transmitted SSBs across multiple SSB bursts based on channel conditions and traffic requirements, can reduce the number of transmitted SSBs and save energy at the gNB. 
To evaluate the performance of the adaptation of transmitted number of SSBs within a burst, a 21-cell scenario is considered for evaluation and its performance is analyzed for various load conditions. The performance is evaluated in terms of number of loaded SSB beams (i.e., beams having high UE density) for various load conditions. The gNB will all loaded beams can transmit SSB burst with all configured SSBs (4 SSBs in assumption) with a baseline periodicity of 20 ms whereas other gNBs can operate with adapted number of SSBs within a burst resulting in energy saving. The parameters used for evaluation are given in Table 1. It is found that not all gNBs out of 21 are having all loaded SSB beams in urban macro scenario for low, light and medium loads. In current NR, all gNBs transmits all configured SSBs for a fixed periodicity, even though some SSBs are not loaded at a time, leading to significant loss of energy.  By mandating non loaded gNBs to adapt the number of SSBs within a burst, 35.1%, 30%, and 22.5% energy saving can be achieved in low load, light load and medium load, respectively. The result is illustrated in Fig. 1. 
 
	Parameters
	Values

	SSB period
	20ms (adapted 80ms and 160ms)

	Cell load
	low: 5%
light: 10%
medium: 20%

	Traffic model
	FTP3

	Cat1/Cat2 BS
	Cat 1, set 1

	Number of SSB beams
	4

	Terrain
	Urban Macro(FR1)

	Cell site [#gNB]
	[21]

	gNB power in dBm
	49

	Number of TXRU
	32

	BW in MHz [#gNB]
	50

	User mobility direction
	Random

	UE Dropping
	Random


Table 1: Evaluation parameters


Fig. 1: Energy savings by adaptation of number of SSBs within a burst for various loads

Therefore, adaptation of number/periodicity of SSBs within a burst provides significant gains, especially in low load scenarios.

[bookmark: move1109495311]Observation 1: Uniform number of SSBs across the burst consume energy at the gNB irrespective of the load
Observation 2: Adaptation of number/periodcity of SSB within a burst provides 
35.1% energy saving gain in low load scenario
30% energy saving gain in light load scenario
22.5% energy saving gain in medium load scenario
Proposal 1: Adaptation of transmitted number of SSB within a burst is supported.
Further, the number of transmitted SSBs within a burst and periodicity of the SSBs are needed at the UE for SSB monitoring on different beams. Currently, the indication for the number of transmitted SSBs is provided in SIB1 as "SSBpositioninburst." whereas the periodicity of SSB within a burst is provided as “ssb-PeriodicityServingCell”. In case of adaptation of SSBs within a burst, the information in SIB1 should be updated or an explicit indication about the adaptation should be provided to the UE. This may cause increase in DL overhead especially if the indication is provided explicitly in DCI, hence the indication should be included in SIB1.
Proposal 2: Support indicating the adaptaion of SSB over a period of time within SIB1.

Adaptation of the number of SSBs across multiple SSB bursts based on traffic conditions may lead to frequent changes SIB1 contents, which should be avoided. Whereas keeping the stability of contents of SIB1 will restricts the flexibility in adaptation of number of SSBs within a burst. However, if the periodicities of different beams within a burst are adapted, an indication of different periodicities for different beams within a burst can be included in SIB1, structured to prevent frequent changes in SIB1 contents. This would provide the necessary information for UE to monitor SSBs efficiently across different beams.
Further, the adaptation of different periodicities across different beams will provide energy saving along with flexibility in transmissions based on UE density across the beams. For e.g., for a gNB with the assumption of 4 beams in a burst and 160 ms window, the use of different periodicity across different beams within a burst provides significant energy saving gains with a baseline periodicity of 20ms as given in Table 2 below for a low or light load scenario. 

	SSB index
	Baseline
	Periodicity adaptation

	0
	20ms
	20ms
	20ms

	1
	20ms
	20ms
	20ms

	2
	20ms
	80ms
	80ms

	3
	20ms
	80ms
	160ms

	Gains
	NA
	23.13% 
	25.7%


Table 2: Energy savings by adaptation of periodicites of SSBs within a burst for low/light loads

Observation 4: Frequent adaptation of transmitted number of SSB across the bursts leads to frequent changes in contents of SIB1.
Observation 3: Use of different periodicity for beams within a burst will provide significant energy saving gains at the gNB along with flexibility in transmissions based on UE density.
Proposal 3: Adaptation of periodicity of the SSBs within a burst is supported.

In RAN#116b [4], following agreement is made for the scenarios in which the adaptation of SSBs in time domain is applicable. A downselection is needed among different options given in the 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
· 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 


In NR, the SSB are defined as Cell defining SSBs (CD-SSB) when the gNB transmits a corresponding SIB1 followed by the SSB. This CD-SSB is generally used for initial access procedure. Whereas the SSBs, which do not have the corresponding SIB1 or which are not on a synch raster are not cell defining SSBs. Currently, a gNB transmits a CD-SSB irrespective of load and channel conditions, which consume energy at the gNB even when gNB is not serving any UE. For the adaptation mechanism(s) of SSB in time-domain, from a gNB perspective, more relaxed time is achieved when the adaptation is applicable for a CD-SSB thereby helping in energy saving. Further, a cell which is an SCell for a UE can also be a PCell for another UE when a Rel-19 UE is allowed to camp on the Scell, hence the adaptation mechanism should be common for both PCell and SCell, therefore we support the adaptation of SSBs time domain for a CD-SSB in both PCell and SCell. 

Proposal 4: Adaptation mechanism(s) of SSB in time-domain is supported for CD-SSB in both PCell and SCell of Rel-19 NES-capable UE’s.

2.2 Adaptation of PRACH in spatial domain
The legacy PRACH design aims for fairness across covered areas and assigns equal PRACH resources across different SSB beams, irrespective of UE arrival rate. This causes unnecessary monitoring for PRACH by the gNB in areas with low UE arrival rate, thereby causing wastage of energy. Also, it may lead to contention in areas with higher UE arrival rate. A flexible PRACH resource adaptation by gNBs may help in reduction of energy consumption by allocating the PRACH resources unevenly to SSBs based on detected load variance. A gNB may determine the UE arrival and load on different directions and may adapt the RO and/or preamble resources per SSB accordingly. For e.g. as shown in Fig. 1 below, a gNB reduces the number of RO and/or preambles associated with an SSB from time instant T1 with large no. of UEs to time instant T2 with low number of UEs. Further, the reduction can be non uniform across the SSB beams based on the UE density per beam. Further, an indication for the identification of different allocated PRACH resources across the SSBs should be provided in order to help the UEs in initial access procedure. New parameters can be included in SIB1 for the indication of different PRACH resources across the SSB beams. 
	SSB 1
	40 preambles
	30 preambles
	beam with higher UE density

	
	4 RO
	3 RO
	

	
	
	
	

	SSB 0
	40 preambles
	10 preamble
	beam with lower UE density

	
	4 RO
	1 RO
	

	
	T1 (large #UEs)
	T2 (lesser #UEs)
	


Fig. 1. Adaptation of PRACH resources per SSB beam
Observation 5: Uniform assignment of PRACH resources across SSB beams results in 
· Unnecessary monitoring and energy consumption at gNB
· Contention
Observation 6: Adapting the PRACH resources across SSBs helps in efficient utilization of resources and reducing energy consumption at gNB. 
Proposal 5: Support non uniform allocation of number of ROs and/or preambles across SSB beams.
Proposal 6: Support indication of different allocation of number of ROs and/or preambles across SSB beams in SIB1.

[bookmark: _Ref124589665][bookmark: _Ref124671424][bookmark: _Ref71620620]2 Conclusion
In this contribution, we discussed the techniques required for NES and the following proposals are made, 
Observation 1: Uniform number of SSBs across the burst consume energy at the gNB irrespective of the load
Observation 2: Adaptation of number/periodcity of SSB within a burst provides 
35.1% energy saving gain in low load scenario
30% energy saving gain in light load scenario
22.5% energy saving gain in medium load scenario
Proposal 1: Adaptation of transmitted number of SSB within a burst is supported.
Proposal 2: Support indicating the adaptaion of SSB over a period of time within SIB1.
Observation 4: Frequent adaptation of transmitted number of SSB across the bursts leads to frequent changes in contents of SIB1.
Observation 3: Use of different periodicity for beams within a burst will provide significant energy saving gains at the gNB along with flexibility in transmissions based on UE density.
Proposal 3: Adaptation of periodicity of the SSBs within a burst is supported.
Proposal 4: Adaptation mechanism(s) of SSB in time-domain is supported for CD-SSB in both PCell and SCell of Rel-19 NES-capable UE’s.
Observation 5: Uniform assignment of PRACH resources across SSB beams results in 
· Unnecessary monitoring and energy consumption at gNB
· Contention
Observation 6: Adapting the PRACH resources across SSBs helps in efficient utilization of resources and reducing energy consumption at gNB. 
Proposal 5: Support non uniform allocation of number of ROs and/or preambles across SSB beams.
Proposal 6: Support indication of different allocation of number of ROs and/or preambles across SSB beams in SIB1.
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