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Introduction
In RAN#98e meeting, the network power saving WID was approved in [1]. In the last RAN4 meeting, there were some initial discussions on RF requirement impacts and RF feasibility for NES, however there are no much progress reached in last RAN4 meeting. Therefore in this contribution, we want to share some further views on it.

	[bookmark: _Hlk130373392]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. 
Issue 1-1: TAE
· Further discuss the following values for TAE to guarantee the SSB-less feature performance
· Option 1: 2.x us, i.e., CP size for 30kHz SCS
· Option 2: 260ns
· Option 3: 65ns
· Option 4: 3us
· In the next meeting, encourage companies to provide the achievable values.




[bookmark: OLE_LINK14][bookmark: OLE_LINK10][bookmark: OLE_LINK20][bookmark: OLE_LINK13]Discussion  
In the last RAN4 meeting, there were some initial discussions on the feasibility of achieving much better TAE requirement for inter-band CA in co-located scenario, however there are no consensus reached. First of all, we want to highlight that this requirement is only applicable for co-located inter-band CA scenario. For BS capable to achieve the tight TAE requirement as proposed in the following section, then it could declare to support the SSB-less operation; however for BS not capable to achieve the tight TAE requirement, then it could declare not to support the SSB-less operation.
In the following section, we mainly focus on the feasibility study on the achievable TAE requirement for inter-band CA in co-located scenario. 
2.1. Inter-band CA with SSB-less operation
The existing requirement was defined as 3us for NR which was also inherited from LTE inter-band CA scenario and this requirement is supposed to be based on the worst assumption that the transceivers in different bands are implemented with individual/separate sync source and both sync source has been lost (e.g. 2 downlink bands), then transceivers per band need to maintain its sync performance by its internal maintenance or backup timing module, therefore its achievable timing difference is defined as 3us. 
However as shown in the following Figure 1 for typical inter-band CA BS architecture in the co-located scenario, then practical timing difference among different bands should be optimized down to 10ns-65ns which is much less than the normal CP of the supported subcarrier spacing in FR1. Indeed even for the low boundary of 10ns TAE performance, this could be further optimized with timing prec-compensation algorithm and even higher granularity sampling clock in the practice. 
In addition, if the “adjacent” bands which could be supported by single RF transceiver chain (e.g. FR1 multi-band operation), then TAE between different bands would be mainly dominated by the group delay due to the analog RF component without any residual transceiver calibration error, then the TAE performance is also quite limited even much lower than 10ns. Indeed for single RF chain case to support the multi-bands which is quite similar as intra-band contiguous CA RF architecture to support the BW aggregated positioning, it was agreed that TAE could be ignored otherwise the positioning performance cannot been guaranteed at all.
It should be known that timing requirement for intra-band contiguous CA with ScellwithoutSSB is 260ns and 6dB power imbalance between active Scell and to-be-activated Scell. From the network perspective, the BS TAE requirement as mentioned before could fulfill the 260ns requirement for intra-band contiguous CA scenario.

[image: ]
Figure 1. the link budget for inter-band CA TAE performance in co-located scenario
Proposal 1: to confirm that the achievable FR1 inter-band CA TAE requirement in co-located scenario could be optimized down to 260ns;
2.2. Cell DTX
In last RAN4 meeting, there were some initial discussions on RF impacts of Cell DTX, however it was agreed to wait for more inputs from RAN1/RAN2 however for the cell DTX or BS DTX, this will also have some impacts on the existing BS RF requirement especially on FDD bands. For instance, the ON-OFF power related requirement could be applicable for FDD operation instead of only TDD operation. With Cell DTX configuration, the EVM performance at boundary of ON-OFF/OFF-ON transition period also differ from the legacy system without Cell DTX since more transition period between ON-OFF for power saving are expected for Cell DTX. In addition, for Cell DTX, more impacts are expected on UE RRM if cell DTX is overlapping with SMTC window or other measurement configurations for UE side. 
	
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.



Proposal 2: for the cell DTX operation, to reuse the TDD ON-OFF power related requirement for it.

2.3. Spatial and power domain adaption
In the previous RAN1/RAN4 meeting, there were some initial discussions on spatial and power domain adaption, there were lots of potential impacts been raised by companies. Indeed this is highly dependent on antenna ports and active transceiver chains. E.g.. 64 transceivers are reconfigured to 32 transceivers or 16 transceivers for power saving purpose. Then RAN4 need to discuss further the switching period of these adaption of spatial elements/power adaption or whether there are any interruption expected at the UE side. In addition, once there are any switching period happen frequently, then downlink EVM performance deterioration should be considered as well.
	
Issue 2-4-1: RF requirements for spatial domain techniques
· Agreement (RAN4#106bis):
· FFS on the necessity to the updates in manufacturer declarations, switching period and DL EVM requirement waiting for more inputs from RAN1/2. 
Agreement in RAN1#112
For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled
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Proposal 3: to consider the necessity of switching period of efficient adaption of spatial elements and the DL EVM performance deterioration due to the switching behavior from network side.
Conclusions
In this contribution, we want to share some initial views on NES from BS RF requirement perspective and proposals are made as following:
Proposal 1: to confirm that the achievable FR1 inter-band CA TAE requirement in co-located scenario could be optimized down to 260ns ;
Proposal 2: for the cell DTX operation, to reuse the TDD ON-OFF power related requirement for it.
Proposal 3: to consider the necessity of switching period of efficient adaption of spatial elements/power adaption and the DL EVM performance deterioration due to the switching behavior from network side and any interruption time expected at UE side during the switching period;
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Further study the potential impact of spatial and power domain adaptation, considering:

+ whether data interruption time/transition time needs to be introduced

. whether restriction in the range of change of number of CSI-RS ports and/or PDSCH (and CSI-RS) power
offset(s) is needed
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