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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 in the SI phase, the network energy saving gains for potential techniques in various domains along with their impacts such as access delay, UE power consumption, etc. were studied and the summary of the potential techniques along with brief description of each technique was captured in TR 38.864 [2]. The Rel-18 work item on network energy savings focussed on spatial, power and time domain adaptation of BS operation for RRC Connected UEs and user specific signals and channels. A WI on adaptation of common signals and channels for NES was agreed for Rel. 19 in RAN#102 [3]. This contribution discusses techniques for adaptation of common signal and channel transmissions for network energy savings (NES) and analyzes its performance.
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 active 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 gNB transmits SSB in a batch with one SSB per beam by forming synchronization signal burst (SS burst), which is used for changing the direction of each SSB transmission. The SSBs active in a burst and the periodicity of burst are configured semi-statically using radio resource control (RRC). Currently the periodicity is common for all SSBs active in the burst that 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 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 periodicity for different SSB beams or group of SSB beams in a burst based on channel condition and traffic requirement addresses the issue and provides energy saving at gNB. For e.g., with the assumption of 4 beams in a burst and 100 ms window, the use of different periodicity at least for 1 beam i.e., 20 ms for one beam with low UE activity and 10 ms for other 3 beams of the burst will provide 12.5 % of energy saving in SSB transmissions.
Observation 1: Use of different periodicity for beams within a burst based on UE activity provide significant energy saving at the gNB.
Proposal 1: Adaptation of SSB periodicity at beam level is supported.
2.2 Simplified SSB
A lighter version of SSB a.k.a. simplified SSB, that has lower size than the conventional SSB, was studied for energy saving. It carries a part of conventional SSB for e.g., PSS , SSS. The gNB has to operate on lesser number of physical resources for transmitting the simplified SSB thereby providing significant energy saving at the gNB. If a number of SSBs are transmitted by a gNB for beam sweeping, then the overall transmission time for the gNB reduces upon transmitting the simplified SSB. For e.g., in a no load scenario, as shown in Fig. 1(a), if 4 conventional SSBs each with 4 symbols are transmitted by the BS with starting symbol indices of 4,8,16,20 in Case B with 30 KHz SCS and 2 slots per system frame. Then it requires the gNB to be active in slots 1 and 2. However, as illustrated by Fig. 1(b), if the simplied SSB with only PSS and SSS is transmitted consequitive to each other, then it converges the transmissions of SSBs to only slot 1 while making the slot 2 free. The gNB can become inactive in slot 2 based on the network condition thereby achieving energy saving. 
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Fig. 1 (a): Conevntional SSB with 4 symbols in a burst.
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Fig. 1 (b): Simplified SSB with 2 symbols in a burst.

Observation 2: Use of simplified SSB increases inactive period of BS.

In NR, a UE performs UL synchronization by performing RACH procedure. The gNB provide configuration for performing RACH to the UE in SIB1. The SIB1 can only be decoded if the contents of PBCH is known to the UE. Therefore, the full contents of PBCH is necessary at the UE for decoding SIB1 and performing RACH. For a single cell scenario, a part of the PBCH can be provided in the simplified SSB and the remaining contents can be either predefined in the standards.  

Proposal 2: Support to standardize simplified SSB with PSS, SSS and partial PBCH.

2 Conclusion
In this contribution, we discussed the techniques required for NES. According to the technical analysis, the following proposals are made, 
Observation 1: Use of different periodicity for beams within a burst based on UE activity provide significant energy saving at the gNB.
Proposal 1: Adaptation of SSB periodicity at beam level is supported.
Proposal 2: Support to standardize simplified SSB with PSS, SSS and partial PBCH.
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