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1. Introduction
The latest WID on extending current NR operation to 71GHz [1] was approved at RAN#92. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements as captured in [2]. 
The work has been extended at RAN#96 via the exceptions captured in RP-221783 as shown below:RF core requirements in 38.101-2
· Core requirements including MPR, A-MPR, Spurious, Blocking, ACS, Max input power, FRCs
RF core requirements in 38.101-2 and 38.104
· Core requirements including CA
Requirements in 38.101-3
· Inter-band CA configurations: down-scope intra-band non-contiguous CA within FR2-2 from Rel-17. 
Note: The down-scoping of intra-band non-contiguous CA within FR2-2 in Rel-17 pertains to completion of the RF core requirements and is not intended to change how channelization for FR2-2 is developed.


In this contribution UE Tx related aspects are discussed.
2. Discussion
[bookmark: _Hlk67567722]Spectrum utilization
To enable smooth implementation transfer from current FR2 to above 52.6 GHz, it is reasonable to minimize changes to 120 kHz design and apply the same spectrum utilization for 120 kHz SCS in FR2-2 as already agreed and implemented for FR2-1. In simulations submitted to RAN4 in study item phase [3] it was found that EVM and in-band emissions are typically the gating factor for output power and reducing spectrum utilization will not result in higher output power. As a result, RAN4#101bis-e endorsed the spectrum utilization for 120 kHz SCS in [4]. 
Same behavior was observed also for higher SCS, but given these will be new implementations, it is reasonable to consider other options for SU. FFT utilization is one issue that needs to be considered when defining the spectrum utilization for 480 kHz and 960 kHz SCS. The reason is that it is one factor defining the implementation complexity.
During the RAN4#102 a WF were agreed including the proposed spectrum utilization as given in [5] it was then updated in RAN4#103 as captured in the chair minutes to:
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	[bookmark: _Hlk101521510]NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	[124]  
(132 in [5])
	[248]  
(264 in [5])
	N/A

	960
	N/A
	33
	[62]  
(66 in [5])
	[124]  
(132 in [5])
	148 
([156] in [5])



From above it can be noted that in RAN4#102 the only SU discussed were for 2 GHz CBW and 960 kHz SCS but at RAN4#103 the rescission was reopened for SU for 800 MHz and 1600 MHz CBW. 
When considering 2 GHz CBW one of the argumentations were that the specification should facilitate smooth implementation based on 2k FFT. As an example, 156 PRBs for 960 kHz as proposed in [5], which provides 90.0% spectrum utilization, means that the FFT utilization would be as high as 91.4%. This would be too much from the filtering complexity point of view why it was agreed to be changed to 148.  
The 2k FFT issue is only related to the 2 GHz CBW, why we think that for 800 MHz and 1600 MHz cases, we should keep the values agreed in [5] to not degrade SU. However, we understand the values now captured in the table is a result of a compromise as also captured in the WF [6]. Therefore, we are fine to confirm the SU table given below.
Proposal 1: Confirm SU for FR2-2 as:
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	124
	248  

	N/A

	960
	N/A
	33
	62  
	124  
	148 



[bookmark: _Hlk110969331]Given the agreement above the square brackets can be removed in TS 38.101-2 from the Minimum guardbands table 5.3.3-1 as shown in the TP below.
******* Start of TP#1 to 38.102-2 *******
Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	60
	1210
	2450
	4930
	N/A
	N/A
	N/A
	N/A

	120
	1900
	2420
	4900
	9860
	N/A
	N/A
	N/A

	480
	N/A
	N/A
	N/A
	9680
	[42640]
	[85520]
	N/A

	960
	N/A
	N/A
	N/A
	9440
	[42400]
	[85280]
	147040



******* End of TP#1 to 38.102-2 *******
Proposal 2: Agree TP#1 above to 38.101-2 removing the square brackets in Table 5.3.3-1
Maximum power reduction for PC3
At RAN4#103 it was agreed re-use FR2-1 PC3 MPR for FR2-2 for 100MHz and 400 MHz CBWs while MPR for 800, 1600 and 2000 MHz CBW were left open.
Based on earlier agreements on SU in [5], MPR simulations were done to define MPR for FR2-2 for PC3 UE. As spectrum utilization in FR2-2 is same for 100 MHz ChBW as in FR2-1, the PA calibration was done using the same reference waveform as used for FR2-1. The results include both the MPR as well as the gating factor, i.e. which requirement was requiring most MPR to be fulfilled. The complete set of simulation results can be found in the Appendix of this Tdoc, while one example has been copied below in Figure 1.
[image: ] [image: ]
[image: ][image: ]
Figure 1: Example of MPR simulation results included in the Appendix of this Tdoc
Based on the results MPR for FR2-2 has potential to be less than currently specified for FR2-1. For example, 2 dB MPR has been specified for Edge RB allocations for DFT-s-OFDM for QPSK for channel bandwidth equal to or less than 200 MHz, while 3 dB is allowed for 400 MHz channel bandwidth in FR2-1. In our results 1 dB MPR would be sufficient for these cases.
[bookmark: _Hlk110859920]No results indicated that FR2-2 would require more MPR than what is currently defined for FR2-1. Further, at RAN4#103 even lower SU were agreed for 800, 1600 and 2000 MHz CBW than the ones assumed in the simulations. Therefore, we think that safe approach is to adopt same MPR for FR2-2 as defined for FR2-1. For 800, 1600 and 2000 MHz CBW the values already defined for FR2-1 can be reused. 
Proposal 3: Agree there is no need for further MPR for FR2-2 as compared to FR2-1 for PC3 UEs also for 800, 1600 and 2000 MHz CBW. 
Proposal 4: Agree TP#2 below to 38.101-2 removing the square brackets and X/Y values. 
******* Start of TP#2 to 38.102-2 *******
[bookmark: _Toc21340767][bookmark: _Toc29805214][bookmark: _Toc36456423][bookmark: _Toc36469521][bookmark: _Toc37253930][bookmark: _Toc37322787][bookmark: _Toc37324193][bookmark: _Toc45889716][bookmark: _Toc52196371][bookmark: _Toc52197351][bookmark: _Toc53173074][bookmark: _Toc53173443][bookmark: _Toc61119433][bookmark: _Toc61119815][bookmark: _Toc67925862][bookmark: _Toc75273500][bookmark: _Toc76510400][bookmark: _Toc83129553][bookmark: _Toc90591086][bookmark: _Toc98864110][bookmark: _Toc99733359][bookmark: _Toc106577250]6.2.2.3	UE maximum output power reduction for power class 3
For power class 3, MPR for contiguous allocations is defined as: 
MPR = max(MPRWT, MPRnarrow)
For transmission bandwidth configuration less than or equal to 200MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil((2/3NRB)- LCRB) < RBstart ≤ NRB-LCRB:
-	MPRnarrow = 2.5 dB, when BWalloc,RB is less than or equal to 1.44 MHz, 
-	MPRnarrow = 2.0 dB, when 1.44 MHz < BWalloc,RB <= 4.32 MHz,
-	otherwise MPRnarrow = 0 dB.
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined for FR2-1 in Table 6.2.2.3-1.
Table 6.2.2.3-1 MPRWT for power class 3, BWchannel ≤ 200 MHz, FR2-1
	Modulation
	MPRWT, BWchannel ≤ 200 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16 QAM
	≤ 3.0
	≤ 3.5

	
	64 QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 5.0
	≤ 5.0

	
	64 QAM
	≤ 7.5
	≤ 7.5



MPRWT is defined for FR2-2 in Table 6.2.2.3-1b.
Table 6.2.2.3-1b MPRWT for power class 3, BWchannel = 100 MHz, FR2-2
	Modulation
	MPRWT, BWchannel = 100 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	[0.0]
	[≤ 2.0]

	
	QPSK
	[0.0]
	[≤ 2.0]

	
	16 QAM
	[≤ 3.0]
	[≤ 3.5]

	
	64 QAM
	[≤ 5.0]
	[≤ 5.5]

	CP-OFDM
	QPSK
	[≤ 3.5]
	[≤ 4.0]

	
	16 QAM
	[≤ 5.0]
	[≤ 5.0]

	
	64 QAM
	[≤ 7.5]
	[≤ 7.5]




Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Table 6.2.2.3-1:
-	RBStart,Low = max(1, LCRB), where max() indicates the largest value of all arguments.
-	RBStart,High = NRB – RBStart,Low – LCRB,
An RB allocation belonging to table 6.2.2.3-1 is a Region 1 inner RB allocation if:
-	RBStart,Low  ≤  RBStart  ≤  RBStart,High, and LCRB  ≤  ceil(NRB/3), where ceil(x) is the smallest integer greater than or equal to x.
For transmission bandwidth configuration equal to 400MHz,
MPRnarrow = 2.5 dB, when BWalloc,RB is less than or equal to 1.44 MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB, where BWalloc,RB is the bandwidth of the RB allocation size.
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined for FR2-1 in Table 6.2.2.3-2.

Table 6.2.2.3-2 MPRWT for power class 3, BWchannel = 400 MHz, FR2-1
	Modulation
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16 QAM
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0



MPRWT is defined for FR2-2 in Table 6.2.2.3-2b.
Table 6.2.2.3-2b MPRWT for power class 3, BWchannel = 400 MHz, FR2-2
	Modulation
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	[0.0]
	[≤ 3.0]

	
	QPSK
	[0.0]
	[≤ 3.0]

	
	16 QAM
	[≤ 4.5]
	[≤ 4.5]

	
	64 QAM
	[≤ 6.5]
	[≤ 6.5]

	CP-OFDM
	QPSK
	[≤ 5.0]
	[≤ 5.0]

	
	16 QAM
	[≤ 6.5]
	[≤ 6.5]

	
	64 QAM
	[≤ 9.0]
	[≤ 9.0]




Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Table 6.2.2.3-2:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1.
RBend = RBStart + LCRB - 1
An RB allocation belonging to table 6.2.2.3-2 is a Region 1 inner RB allocation if
RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
For CBWs greater than 400 MHz MPRWT is defined for FR2-2 in Tables 6.2.2.3-3, 6.2.2.3-4, and 6.2.2.3-5.
Table 6.2.2.3-3 MPRWT for power class 3, BWchannel = 800 MHz, FR2-2
	Modulation
	MPRWT, BWchannel = 800 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	[0.0]
	[≤ 3.0 + X1]

	
	QPSK
	[0.0]
	[≤ 3.0 + X1]

	
	16 QAM
	[≤ 4.5 + Y1]
	[≤ 4.5 + Y1]

	
	64 QAM
	[≤ 6.5 + Y1]
	[≤ 6.5 + Y1]

	CP-OFDM
	QPSK
	[≤ 5.0 + Y1]
	[≤ 5.0 + Y1]

	
	16 QAM
	[≤ 6.5 + Y1]
	[≤ 6.5 + Y1]

	
	64 QAM
	[≤ 9.0 + Y1]
	[≤ 9.0 + Y1]



Table 6.2.2.3-4 MPRWT for power class 3, BWchannel = 1600 MHz, FR2-2
	Modulation
	MPRWT, BWchannel = 1600 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	[0.0]
	[≤ 3.0 + X2]

	
	QPSK
	[0.0]
	[≤ 3.0 + X2]

	
	16 QAM
	[≤ 4.5 + Y2]
	[≤ 4.5 + Y2]

	
	64 QAM
	[≤ 6.5 + Y2]
	[≤ 6.5 + Y2]

	CP-OFDM
	QPSK
	[≤ 5.0 + Y2]
	[≤ 5.0 + Y2]

	
	16 QAM
	[≤ 6.5 + Y2]
	[≤ 6.5 + Y2]

	
	64 QAM
	[≤ 9.0 + Y2]
	[≤ 9.0 + Y2]



Table 6.2.2.3-5 MPRWT for power class 3, BWchannel = 2000 MHz, FR2-2
	Modulation
	MPRWT, BWchannel = 20000 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	[0.0]
	[≤ 3.0 + X3]

	
	QPSK
	[0.0]
	[≤ 3.0 + X3]

	
	16 QAM
	[≤ 4.5 + Y3]
	[≤ 4.5 + Y3]

	
	64 QAM
	[≤ 6.5 + Y3]
	[≤ 6.5 + Y3]

	CP-OFDM
	QPSK
	[≤ 5.0 + Y3]
	[≤ 5.0 + Y3]

	
	16 QAM
	[≤ 6.5 + Y3]
	[≤ 6.5 + Y3]

	
	64 QAM
	[≤ 9.0 + Y3]
	[≤ 9.0 + Y3]



In tables 6.2.2.3-3, 6.2.2.3-4 and 6.2.2.3-5 above, X1=TBD, X2=TBD, X3=TBD dB, Y1=TBD, Y2=TBD and Y3=TBD dB.
******* End of TP#2 to 38.102-2 *******
Beam direction switching time
When it comes to switching times inside a UE, the device dimensions are noticeably smaller than for base stations. This provides opportunities lower inaccuracies than in gNBs. Additionally, UE transmission power levels are significantly lower than for gNBs, resulting in easier handling of transient events during the beam switch. On the other hand, UE component selection may need to consider more cost and efficiency considerations compared to gNBs. Considering both, a baseline for beam direction-only switching time for FR2-2, similar to that of the gNB, of 59ns is proposed. 
Proposal 5: Use a UE beam direction switching time of 59 ns.
During previous meeting it has been suggested to adopt a beam direction-only switching time for FR2-2 of 200ns. This is not acceptable for us as this is excessive and with higher SCS would mean the switching time would become longer than the CP. We previously been proposing 50ns and have numerus times requested reasoning for the excessive 200ns but so for not seen any. Hence, we strongly insist adopting a smaller value than 200ns. As the assumption on the BS Rx switch delay is around 59ns, it seems reasonable not to assume a Rx beam switch time in UE to be faster than for gNB. Based on this we could accept to define a UE beam direction switching time of delay of 60ns.
3. Conclusion
In this contribution, we discuss UE Tx RF aspects for a NR band in the range 52.6GHz – 71GHz. We have made following observations and proposals:
Proposal 1: Confirm SU for FR2-2 as in provided table.
Proposal 2: Agree TP#1 above to 38.101-2 removing the square brackets in Table 5.3.3-1
Proposal 3: Agree there is no need for further MPR for FR2-2 as compared to FR2-1 for PC3 UEs also for 800, 1600 and 2000 MHz CBW. 
Proposal 4: Agree TP#2 below to 38.101-2 removing the square brackets and X/Y values. 

Proposal 5: Use a UE beam direction switching time of 59 ns.
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Appendix: MPR simulation results
The attached zip file contains triangle plots of MPR and gating factors for all channel bandwidths. 
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Gating factors, 400MHz, 120kHz
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Gating factors, 400MHz, 480kHz
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Gating factors, 400MHz, 960kHz
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MPR, 100MHz, 120kHz
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MPR, 1.6GHz, 480kHz
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MPR, 2000MHz, 960kHz
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MPR, 400MHz, 120kHz
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MPR, 800MHz, 480kHz
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