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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]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]. The agreements on adaptation of common signal and channel transmissions in the RAN1#116 [3] meeting is given below. 
	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

R1-2401821	Summary#2 of AI 9.5.3 for R19 NES	Moderator (Ericsson)


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/intransmitted 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 signaling/indication/configuration


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 periodicity of SSB
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 different 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. 
Proposal 1: Adaptation of transmitted number of SSB within a burst is supported.
Further, an indication about the adaptation of transmitted SSBs within a burst and across the bursts are needed at the UE for SSB monitoring on different beams. However, for UE to monitor SSBs on different beams, an indication of the adapted transmitted SSBs within a burst and across bursts is necessary. Currently, the indication for the number of transmitted SSBs is provided in SIB1 as "SSBpositioninburst." Frequent changes in the number of SSBs across multiple SSB bursts based on traffic conditions may lead to frequent changes in SIB1 contents, which should be avoided. Hence, an indication of the change in the SSB transmission pattern across bursts should 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.

Observation 1: Frequent adaptation of transmitted number of SSB across the bursts leads to frequent changes in SIB1 content.
Proposal 2: Support indicating the pattern in which an SSB is transmitted over a period of time within SIB1.

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. 
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[bookmark: _GoBack]Fig. 1. Adaptation of PRACH resources per SSB beam
Observation 2: Uniform assignment of PRACH resources across SSB beams results in 
· Unnecessary monitoring and energy consumption at gNB
· Contention
Observation 3: Adapting the PRACH resources across SSBs helps in efficient utilization of resources and reducing energy consumption at gNB. 
Proposal 3: Support non uniform allocation of number of ROs and/or preambles across SSB beams.

[bookmark: _Ref71620620][bookmark: _Ref124589665][bookmark: _Ref124671424]2 Conclusion
In this contribution, we discussed the techniques required for NES and the following proposals are made, 
Proposal 1: Adaptation of transmitted number of SSB within a burst is supported.
Observation 1: Frequent adaptation of transmitted number of SSB across the bursts leads to frequent changes in SIB1 content.
Proposal 2: Support indicating the pattern in which an SSB is transmitted over a period of time within SIB1.
Observation 2: Uniform assignment of PRACH resources across SSB beams results in 
· Unnecessary monitoring and energy consumption at gNB
· Contention
Observation 3: Adapting the PRACH resources across SSBs helps in efficient utilization of resources and reducing energy consumption at gNB. 
Proposal 3: Support non uniform allocation of number of ROs and/or preambles across SSB beams.
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