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Introduction 
Network energy savings WI has been approved in RAN#98, and since then it has been discussed in multiple meetings in RAN1 and RAN2. Implementing the energy saving features may impact the RF requirements of BSs and UEs, e.g., on network performance and user experience. Last RAN4#106bis-e has agreed to prioritize the discussion on SSB-less Scell operation for inter-band CA for FR1 and co-located cell. This paper discusses the potential impact on some RF requirements, i.e., TAE.

Discussion
During the last 106bis-e meeting, RAN4 has agreed the following WF:

RF agreement
Issue 2-1-1: Priorities for feasibility study
Agreement：
· RAN4 prioritize the discussion on SSB-less Scell operation for inter-band CA for FR1 and co-located cell.
Issue 2-2-6: How to define the RF requirements for inter-band CA for SSB-less Scell operation
Agreement:
· No impact to the legacy requirements of inter-band CA TAE defined in TS38.104. Whether or not to define feature-specific TAE requirements for SSB-less operation (NW enabling energy savings) for FR1 co-located inter-band CA is FFS.

Issue 2-3-1: RF requirements for Cell DTX
Agreement:
· FFS on the necessity to define ON-OFF power requirement waiting for more inputs from RAN1/2.
Issue 2-4-1: RF requirements for spatial domain techniques
Agreement:
· FFS on the necessity to the updates in manufacturer declarations, switching period and DL EVM requirement waiting for more inputs from RAN1/2. 



Partial RRM agreement
Issue 2-1-1: Which scenario to be considered for SSB-Less SCell operation for FR1 inter-band collocated CA 
Agreements 
· The following scenarios are considered for inter-band SSB-less SCell requirements definition 
· Scenario 1: No SSB but with TRS transmission configured on the SSB-less SCell 
· FFS whether to consider requirements based on TRS transmission during and/or after SCell activation 
· Scenario 2: No SSB and no TRS transmission configured on the SSB-less SCell 
· Scenario 2a: No DL transmission but with UL reception at the NW side on the SSB-less SCell. 
· FFS if requirements will be defined for all or a subset of scenarios subject to feasibility analysis 


TAE requirement for inter-band CA co-located cells in FR1

RAN4 RF has agreed to prioritize the discussion SSB-less Scell operation for inter-band CA for FR1 and co-located cell. Meanwhile, there are mainly two scenarios being discussed by RRM that will significantly impact the RF requirement, i.e., TAE.

As it is also agreed in the WF that there will be no impact on the legacy requirement for inter-band TAE requirement in TS38.104 [2]. We are discussing TAE here only for SSB-less operation for NW energy saving feature-specific requirement for inter-band CA co-located scenario. More attention needs to be paid, as the agreements on TAE/RTD have backward compatibility issues at the NW. 

Proposal 1 [bookmark: _Toc135053133]Ensure the NES features are compatible with existing BS and UE RF requirements.

The common understanding of the NW energy savings feature is that it is more like a software update than a full HW overhaul. When designing solutions for SSB-less operation, we should also try to make the feature work for legacy deployments. 
It is also worth noting that the RAN4 spec has a wider definition of colocation. Even though gNBs are collocated, their RU implementation and how the RU is connected to the baseband and clock source may vary widely. It may be possible to achieve lower TAE if the same RU is used for multiple carriers in different bands (multi-band RU). However, if different RU is used, the achievable TAE could vary based on how these RU are connected to the actual clock source and baseband and the switches used in the fronthaul. The 3GPP TAE requirements are relative and are between antenna reference points. The placement of the common closest timing reference depends on the deployment scenario, product configurations, and available synchronization options. Figure 1 shows that TAE varies with different deployment scenarios. 

[image: ]
[bookmark: _Ref134448754]Figure 1. TAE with different deployment scenarios.

The current TAE specification for inter-band CA is 3 µs and the requirement is intended to account for the RU and baseband relation, as well as scenarios involving temporary sync holdover periods occurring at the network. 
Additionally, the determination of RTD involves factors beyond TAE, including the variance in the propagation delay and the radio channel delay dispersion. In general, the RTD can be represented as below:


Where:
·  is time alignment error.
· is time of arrival difference of DL signals.
·  is the radio channel delay dispersion of signals.

It should be noted that even for co-located scenarios, RF propagation may vary across different bands due to distinct channel characteristics. Additionally, this variation is dependent upon the deployment environment. FR1 inter-band frequencies have different delay spread channels if it is far apart in frequency.​ Furthermore, different CP(cyclic prefix) is used in FR1, specifically 15 kHz, and 30 kHz, and each CP necessitates unique requirements.

From our perspective, RAN4 should thoroughly investigate the implementation of SSB-less SCell operation in legacy deployments and adhere to existing requirements as much as possible. One potential approach is to use TRS resources to derive the timing for SCell activation and data reception. 
For legacy SCell activation, the UE obtains timing information through coarse timing and fine timing. Considering the current TAE of 3 µs and a 15 kHz SCS, the UE can acquire coarse timing from the reference cell, a detailed analysis is available in our RRM contribution.

Observation 1 [bookmark: _Toc135048987]SSB-less Scell activation would work with existing TAE of 3 µs, at least for 15 kHz SCS of the reference cell.

Proposal 2 [bookmark: _Toc135053134]RAN4 should investigate the implementation of SSB-less SCell operation in legacy deployments and adhere to existing requirements as much as possible.




Conclusion

In the previous sections, we made the following observations: 
Observation 1	SSB-less Scell activation would work with existing TAE of 3 µs, at least for 15 kHz SCS of the reference cell.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Ensure the NES features are compatible with existing BS and UE RF requirements.
Proposal 2	RAN4 should investigate the implementation of SSB-less SCell operation in legacy deployments and adhere to existing requirements as much as possible.
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