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1. Background
NES has been discussed for two meetings in RAN4. There’s no agreement on BS RF requirements and UE RF impact. This contribution provides more analysis on the two issues.
2. Discussion
2.1 BS TAE requirements
For BS TAE requirements, the followings are the options listed in the last meeting’s WF,
· Option 1: 2.x us, i.e., CP size for 30kHz SCS
· Option 2: 260ns
· Option 3: 65ns
· Option 4: 3us
How to choose the options relate to the system request and the BS implementation capability.
2.1.1 System request consideration
The followings are the two scenarios prioritized in RRM discussion according to the LS [2] approved in last RAN4 meeting.
· Scenario 1: No SSB but with 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.
RAN4 is asking if the Scenario 2a is supported by RAN1/RAN2 specifications. From RF aspect, the above two scenarios may not have much difference. Although TRS can do some help on the timing and frequency misalignment, the SNR of data sampled on Scell should be guaranteed. So the Scell data in the FFT processing window should be sampled correctly. In the BS implementation, windowing or filter processing is used in the Tx path digital operation to solve the out of band emission issue. So in the time domain, there’re some distortions for each OFDM symbol as shown in Figure 1. In the specification TS 38.104 and TS 38.101, the following descriptions related EVM exist,
-	The  is calculated, using the maximum of  at the window W extremities. Thus  is calculated using  and  is calculated using  (l and h, low and high; where low is the timing  and and high is the timing ).


is estimated so that the EVM window of length W is centred on the measured cyclic prefix of the considered OFDM symbol.

The length W for FR1 is shown in the following tables copied from TS 38.104.
Table B.5.2-1: EVM window length for normal CP, FR1, 15 kHz SCS
	Channel
bandwidth (MHz)
	FFT size
	CP length for symbols 1‑6 and 8-13 in FFT samples
	EVM window length W
	Ratio of W to total CP length for symbols 1‑6 and 8-13 (Note) (%)

	5
	512
	36
	14
	40

	……

	25
	2048
	144
	72
	50

	……



Table B.5.2-2: EVM window length for normal CP, FR1, 30 kHz SCS
	Channel
bandwidth (MHz)
	FFT size
	CP length for symbols 1‑13 in FFT samples
	EVM window length W
	Ratio of W to total CP length for symbols 1‑13 (Note) (%)

	5
	256
	18
	8
	40

	……

	25
	1024
	72
	36
	50

	……

	60
	3072
	216
	130
	60

	……
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Figure1: FFT window and Pcell/Scell timing
As shown in the Figure 1, the time tolerance (the lowest FFT processing window)/(the highest FFT processing window) and (the center FFT processing window) is half of the length of W. So for the Scell, when the timing for the center FFT processing window is selected, the TAE allowed is equal to half of W. The timing of the center FFT processing window for Scell can have some offset between Pcell and Scell based on the implementation. But the time tolerance is not changed based on the time domain data SNR quality. Scell timing may be advanced or delayed of Pcell timing according to UE FFT processing window chosen strategy. The Scell timing should be selected referring to the center FFT processing window to allow the TAE for both sides.
Observation 1: The lowest time edge and the highest time edge of the FFT processing windows for the one symbol is the length of W, which is the EVM window.
Observation 2: The Scell time TAE compared with Pcell should be less than W/2 to guarantee the sampled data for FFT is complete.
Observation 3: Using center FFT processing window for the Pcell as the Scell FFT window seems the correct implementation to accommodate the advance or delay possibility of TAE.

According to TS 38.104, The time length of W/2 is shown in the following table,
	SCS (kHz)
	15
	30
	60

	CP length (us)
	4.69
	2.34
	1.17

	W/2 when 
W_length=40% CP (us)
	0.94 
	0.47 
	0.23 

	W/2 when 
W_length=50% CP (us)
	1.17 
	0.59 
	0.29 

	W/2 when 
W_length=60% CP (us)
	1.41 
	0.70 
	0.35 



Observation 3: Half of EVM window W is 230 ns, 470 ns and 940 ns for 60 kHz, 30 kHz and 15 kHz SCS.
The above analysis only considers the EVM window analysis. If other aspects, such as multi-path, system margin, etc, shorter TAE should be supported.
Observation 4: Considering other system aspects, the TAE should be less than half of EVM window W.
2.1.2 BS implementation capability
Based on some evaluation for the BS implementation, 260 ns TAE can be achieved for inter-band CA. 
Observation 5: 260 ns TAE can be achieved for inter-band CA BS.
2.1.3 Proposal
The requirement definition should consider both the system performance and the implementation capability, so from the analysis in 2.1.1 and 2.1.2, we have the following proposal.
Proposal 1: BS TAE requirement to support NES feature can be defined as 260 ns for 30 kHz and 15 kHz SCS.
2.2 General UE RF impact
Generally, we don’t see any new UE RF requirement impact for NES feature because this feature can be supported by legacy UE implementation.
Proposal 2: No new UE RF requirements are defined for R18 NES feature.
2.3 UE received power imbalance
For UE received power imbalance, it’s related to two aspects. First is the path loss difference between the different frequencies. The free space path loss difference for 800 MHz and the 4.9 GHz is up to 16 dB. Second is the BS Tx power tolerance. Current requirement is as the following,
In normal conditions, Pmax,c,AC shall remain within +2 dB and -2 dB of the rated carrier output power Prated,c,AC, declared by the manufacturer.
In extreme conditions, Pmax,c,AC shall remain within +2.5 dB and -2.5 dB of the rated carrier output power Prated,c,AC, declared by the manufacturer.
So in normal conditions, the power difference between BS 2 Tx paths can be up to 4 dB.
Considering the two above aspects, it’s difficult to say that UE received power imbalance can be limited to 6 dB.
Observation 6: Considering BS Tx power tolerance and FSPL for frequencies, UE received power imbalance for co-located inter-band CA can be much larger than 6 dB.
Proposal 3: The analysis assumption should be agreed first for the discussion of the UE received power imbalance, such as the frequency of the bands, BS Tx power tolerance.
3. Summary
This contribution provides our analysis and views on BS TAE requirements, UE RF impact and UE received power imbalance. We have the following observations and proposals.
For BS TAE requirements,

Observation 1: The lowest time edge and the highest time edge of the FFT processing windows for the one symbol is the length of W, which is the EVM window.
Observation 2: The Scell time TAE compared with Pcell should be less than W/2 to guarantee the sampled data for FFT is complete.
Observation 3: Half of EVM window W is 230 ns, 470 ns and 940 ns for 60 kHz, 30 kHz and 15 kHz SCS.
Observation 4: Considering other system aspects, the TAE should be less than half of EVM window W.
Observation 5: 260 ns TAE can be achieved for inter-band CA BS.

Proposal 1: BS TAE requirement to support NES feature can be defined as 260 ns for 30 kHz and 15 kHz SCS.
[bookmark: _GoBack]
For UE RF impact,
Proposal 2: No new UE RF requirements are defined for R18 NES feature.

For UE received power imbalance,
Observation 6: Considering BS Tx power tolerance and FSPL for frequencies, UE received power imbalance for co-located inter-band CA can be much larger than 6 dB.
Proposal 3: The analysis assumption should be agreed first for the discussion of the UE received power imbalance, such as the frequency of the bands, BS Tx power tolerance.
Reference
[1] R4-2310381, “WF on RF requirements for network energy saving”
[2] R4-2310087, “on RAN1/2 impacts for SSB-less Scell operation” 
[3] R4-2307529, “Discussion on BS RF requirement of network Energy savings”, Huawei, HiSilicon
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