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[bookmark: _Toc116995841]Introduction
In RAN4#108, the following agreements were made in the WF in RAN4 RF [1]: 
	Issue 1-1: TAE
Agreement: 
· Alternative #1:
· Do not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA 
· Define the side condition of RTD to ensure UE performance in RRM part.
· Alternative #2:
· Specify BS TAE requirements
· FFS on values 

Issue 1-4: other UE related considerations
Agreement:
· No new UE RF requirements are defined for R18 NES feature.



In this contribution, we continue discussion about NES RF requirements including the Time alignment error (TAE) requirement.
[bookmark: _Toc116995842]Discussion
2.1 Time alignment error
[bookmark: _Hlk146012627][bookmark: _Hlk146015097]In RAN4 RF, two alternatives have been proposed regarding the TAE in the last meeting. Basically, in Alternative #1, RAN4 RF will not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA. Instead, RAN4 RRM will specify the side conditions for RTD to ensure the UE performance.  In Alternative #2, the idea is to specify new BS TAE requirements to support SSB-less operation for FR1 co-located inter-band CA. 
In the last meeting, during RRM part discussions the following agreements were made [2]:
	Issue 1-2-1: RTD conditions for scenario 1
Agreements
· Define requirements for RTD ≤ CP
· note: the CP corresponding to the [largest SCS across CCs or SCell SCS]
· FFS if additional requirements shall be considered for RTD ≤ 260ns
· Performance requirements (RRM and/or demodulation) need to be introduced for the scenario with RTD ≤ CP to guarantee proper performance on the SCell



As highlighted in our previous contributions, changing the TAE defined for the inter-band case may cause lot of compatibility issues in the existing networks. Furthermore, collocated deployment does not necessarily imply smaller TAE values; this value depends on many factors such as RU architecture, how the RUs are connected with BBU, synchronization methodology, et Having co-location does not necessarily ensure lower TAE always; there are many other factors that impact the TAE value such as RU architecture, how the RUs are connected with the BBU, synchronization methodology, etc. 
Observation 1: Changing the TAE defined for the inter-band case may cause lot of compatibility issues in the existing networks.
Instead of changing TAE, a sensible way to enable SSB-less SCell operation is to rely on the RTD conditions defined in RRM. If the network knows, for e.g., whether RTD is within the CP or it exceeds CP, the network can act accordingly and decide whether to activate SSB-less SCell operation or not. Thus, BS TAE value does not need to be modified to enable SSB-less SCell feature. On the other hand, from UE implementation perspective, if any or none of the above sets cannot be supported by a particular UE, then we do not see any impact of changing TAE to support SSB-less SCell operation [3]. 
Thus, we support Alternative #1 to enable SSB-less operation for FR1 co-located inter-band CA for network energy saving.
Support Alternative #1 to enable SSB-less operation for FR1 co-located inter-band CA for network energy saving. That is, do not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA. Define the side condition of RTD to ensure UE performance in RRM part.

2.2 Frequency separation
In the last meeting, there has been several proposals about frequency separation from different companies, as listed below [2]:
	Proposal: Frequency domain separation or specific band combinations can be defined in RF session 

Proposal: For scenario 1, instead of specifying frequency domain separation condition between 2 bands, RAN4 discuss the UE capability implying the same Antenna Set and/or RF chain Set is used in the inter-band CA combination. 




RAN4 has specified all the feasible band combinations for CA in [4]. For inter-band CA operating bands involving only two bands in FR1, there are more than hundred combinations specified in [4], see Table 1, Table 2, and Figure 1. In other words, the feasible set consists of more than hundred combinations, but all the band combinations in this set may not support SSB-less SCell operation. 
	NR operating band
	Uplink (UL) operating band BS receive / UE transmit FUL,low – FUL,high
	Downlink (DL) operating band BS transmit / UE receive FDL,low – FDL,high
	Duplex
Mode

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD


[bookmark: _Ref146130318]Table 1: Some NR operating bands in FR1

	NR CA Band
	NR Band (Table 5.2-1)

	CA_n34-n79
	n34, n79

	CA_n39-n79
	n39, n79


[bookmark: _Ref146130322]Table 2: Some inter-band CA combinations
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	[bookmark: _Ref146125937]Figure 1: Two example band combinations specified in [3]



One approach to identify the band combinations which support SSB-less operation (for FR1 co-located inter-band CA for network energy saving) is via some simulation analysis. The simulation results could be able to provide the maximum frequency separation (denoted by ) between the PCell and SCell carrier frequencies that enables the SSB-less SCell operation (see example scenario in Figure 2). Then, all the defined band combinations which have a larger frequency separation than  (given by the simulations) could be identified as the band combinations which do not support SSB-less SCell operation. 

	[image: ]

	[bookmark: _Ref146139437]Figure 2: Example a candidate band combination for SSB-less SCell operation for FR1 co-located inter-band CA



However, there could be scenarios such that the frequency separation between two bands is less than or equal to fmax (obtained using simulation results), and hence, technically that band combination supports SSB-less SCell operation. However, the frequency separation between the operating bands of an operator in those bands can be larger than fmax. This is illustrated in Figure 3.
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	[bookmark: _Ref146139554]Figure 3: An example scenario of operating band locations of an operator in band n39 and n40


We can understand that there are many factors that impact the categorization of SSB-less SCell supporting band combinations. If the idea is to identify this via simulations, then one has to consider many feasible combinations, and that could be a very exhaustive task to accomplish. Thus, we see that it is not easy to propose a general criteria identify which band combinations are supporting the SSB-less SCell operation and which do not. 
Observation 2: There are many factors to consider while identifying whether a particular CA band combination can support SSB-less SCell operation for FR1 co-located inter-band CA.
Observation 3: This specification work is not simple, and hence, RAN4 RF may require a lot of effort to do this.  
Hence, before agreeing to specify the band combinations that supports SSB-less SCell operation, it may be good to discuss the benefits of that specification work, whether this is a feasible task to do within the available time, and how much effort would be needed to accomplish the task. 
RAN4 RF to discuss whether it is necessary to specify the band combinations that supports SSB-less SCell operation for FR1 co-located inter-band CA for network energy saving. 
If it is agreed to do the specification work, RAN4 RF should discuss possible approaches to do this.

2.2 RF requirements for Cell DTX
RAN1 has made the following agreements related to cell DTX operation in NES WI [5]. 
	Enhancements on cell DTX/DRX mechanism 	

Agreement
RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback send an LS to RAN2 to consider the additional support of a MAC CE based indication subject to UE capability.

Agreement
Confirmation of WA from previous meeting with removal of the two sub-bullets.
Working Assumption
· Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disenabling the feature) from RAN1 perspective.

Agreement
DCI format for group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation (down select just one among alternatives)
· Alt 1) DCI Format 2_6 (power saving information outside DRX Active Time)
· Alt 2) Based on new DCI format 2_X
· FFS: application delay, timers for activation/deactivation
· FFS: handling of multiple cells including when UE supports different number of cells
· FFS: details on PDCCH monitoring aspects, including but not limited to: Search Space, PDCCH monitoring occasion, slots to monitor (during cell DTX/DRX non-active periods, and active periods), BD/CE aspects
· FFS: UE behavior upon reception of the group common PDCCH (during cell DTX/DRX non-active periods, and active periods), including fallback behavior (if any)

Agreement
For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation
· Alt 2) Based on new DCI format 2_X
 



From the RAN1 agreements, it can be seen that the focus in RAN1 has mainly been on the signaling aspects of cell DTX/DRX. 
Cell DTX can be implemented to happen in smaller time scale (i.e., symbol-by-symbol level) or by switching-off radio carriers/antenna panels for a longer period of time. For smaller time scale cell DTX operation, the associated components that needs to be switched-off could be the PA and RFIC. For longer time scale cell DTX operation, complete set of hardware components in the radio path could be switched-off. Thus, depending on the duration of the cell DTX operation, the set of hardware components involved related to that operation and the time those components need to switch ON and OFF may impact the RAN4 RF requirements. Based on our understanding, longer cell DTX operation involves more hardware components, and thus may take the longest time duration to activate or deactivate DTX operation compared to the shorter-duration DTX operation. 
In the BS specification [6], the transmitter transient period requirements are defined when the transmission paths are changing from UL-to-DL, and vice-versa. Thus, this transmitter transient period accommodates the time required for completely switching-off one path (e.g., DL) and fully switching-on the other transmission path (e.g., UL). Thus, we believe that already specified transmitter transient period requirement is applicable for enable cell DTX operation, but the current test only measure the power level within the OFF period when all transmitters are OFF, other requirements may need to be considered to ensure the ON/OFF period are as configured in DTX operation with reasonable ON/OFF power level during DTX operation.
The existing BS transmitter transient timing period requirements could be used as a basis, but other requirements may need to be considered to ensure the ON/OFF period are as configured in DTX operation with reasonable ON/OFF power level during DTX operation.
In the previous meetings, some companies have proposed to reuse the TDD ON-OFF power related requirement for cell DTX operation. However, in the UE RF specification [4], the defined OFF power requirements do not apply for the UE for DTX and measurement gaps. Thus, we would like to know from the proponent companies why OFF power requirements are needed for DTX as the current OFF power requirements apply when all transmitters are OFF. 
Observation 4: In the UE RF specification [4], the OFF power requirement does not apply for DTX and measurement gaps.
It would be good to discuss whether the OFF power requirements for cell DTX is needed to be the same as the OFF power requirements when all transmitters are OFF and the reasons for that necessity.
 
2.3 RF requirements for spatial domain techniques
Regarding the necessity to the updates in manufacturer declarations, the conformance testing specification may already contain the required manufacture declarations to support energy saving spatial domain techniques, e.g., to support different muting patterns of antenna elements. However, energy saving feature may introduce many different muting patterns, and relevant beam patterns. 
The BS vendors have to comply with the OTA conformance test specification (38.141-2) [7], and that would generate a lot of testing effort for possible huge number of muting patterns of antenna elements. RAN4 may need to investigate how to minimize this testing effort (i.e., the time and complexity of testing) without reducing the test coverage in conformance testing part.
Observation 5: The BS vendors have to comply with the OTA conformance test specification (38.141-2) [7], and that would generate a lot of testing effort for possible huge number of muting patterns of antenna elements.
RAN4 may need to investigate how to minimize the testing effort (i.e., the time and complexity of testing) without reducing the test coverage in conformance testing part.
Regarding the element pattern switching period the following agreements has been made in RAN1 #112 [5].  This aspect has been discussed a bit in RAN1#112bis-e, but no clear consensus has been reached. 
	Agreement
Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.



To the best of our knowledge there has not been any further discussion on this topic in RAN1 since then. 
Observation 6: RAN1 has not had any consensus about element pattern switching period in the last concluded meetings. 
Check with RAN1 about the conclusions/recommendations done related to element pattern switching periods and in other related areas.
In previous meeting, [8] has pointed out that due to frequent element switching the downlink EVM performance could be impacted. We are not clear about why the switching may happen frequently (as mentioned in [4]), and also whether the EVM degradation is observed during the switching period or after switching is completed. We would appreciate if the proponent company could provide further clarification about this observation.


[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]In this contribution, we continue discussion about the Time alignment error (TAE) requirement presented in the WF where some options are considered. We have made following observations and proposals:
Observation 1: Changing the TAE defined for the inter-band case may cause lot of compatibility issues in the existing networks.
Proposal 1: Support Alternative #1 to enable SSB-less operation for FR1 co-located inter-band CA for network energy saving. That is, do not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA. Define the side condition of RTD to ensure UE performance in RRM part.
Observation 2: There are many factors to consider while identifying whether a particular CA band combination can support SSB-less SCell operation for FR1 co-located inter-band CA.
Observation 3: This specification work is not simple, and hence, RAN4 RF may require a lot of effort to do this.  
Proposal 2: RAN4 RF to discuss whether it is necessary to specify the band combinations that supports SSB-less SCell operation for FR1 co-located inter-band CA for network energy saving. 
Proposal 3: If it is agreed to do the specification work, RAN4 RF should discuss possible approaches to do this.
Proposal 4: The existing BS transmitter transient timing period requirements could be used as a basis, but other requirements may need to be considered to ensure the ON/OFF period are as configured in DTX operation with reasonable ON/OFF power level during DTX operation.
Observation 4: In the UE RF specification [4], the OFF power requirement does not apply for DTX and measurement gaps.
Proposal 5: It would be good to discuss whether the OFF power requirements for cell DTX is needed to be the same as the OFF power requirements when all transmitters are OFF and the reasons for that necessity.
Observation 5: The BS vendors have to comply with the OTA conformance test specification (38.141-2), and that would generate a lot of testing effort for possible huge number of muting patterns of antenna elements.
Proposal 6: RAN4 may need to investigate how to minimize the testing effort (i.e., the time and complexity of testing) without reducing the test coverage in conformance testing part.
Observation 6: RAN1 has not had any consensus about element pattern switching period in the last concluded meetings. 
Proposal 7: Check with RAN1 about the conclusions/recommendations done related to element pattern switching periods and in other related areas..
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