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1 Background

In this contribution we discuss the UE power backoff necessary to ensure compliance with the requirements in the CBRS band 3550-3700 MHz for Frame Structure type 3 (FS 3) operation. This range was specified as Band 48 for Frame Structure type 2 (FS 2). 
The CBRS range will be specified as Band 49 for FS 3 supporting operations in 10 MHz and 20 MHz channel bandwidths. The allowed MPR and A-MPR for the FS 3 (interlaced) transmissions should be specified like for Band 46. The in-band emissions (IBE) requirements also need consideration; for Band 46 IBE requirements were only specified for the 20 MHz bandwidth. These can be reused for Band 49, but we also need consider IBE requirements for the 10 MHz channel.
2 UE power back-off: MPR and A-MPR
Besides the general requirements on transmit signal quality (EVM) and unwanted emissions (ACLR and the general SEM), a Band 49 capable UE must meet the additional emissions requirement illustrated in Figure 1. This was specified in sub-clause 6.6.3.3.23 of 36.101 for Band 48. 
[image: image1.png]3720 MHz
3710 MHz

3630 MHz
3680 MHz
3670 MHz
3660 MHz
3650 MHz
3640 MHz
3630 MHz
3620 MHz
3610 MHz
3600 MHz
359 MHz
3580 MHz
3570 MHz
3560 MHz

3540 MHz
3530 MHz





Figure 1: additional emissions requirement for the CBRS band.
For the 10 MHz bandwidth the emission mask within the band is the same as the NS_03 mask although there is no special provision for the first MHz. Hence no A-MPR is expected for contiguous transmissions (the standard MPR sufficient). For the 20 MHz bandwidth A-MPR may be needed also for channels assigned away from the band edges.
The MPR is allowed for meeting the general requirements. For full RB allocation, the MPR for Band 49 should be standard as specified in sub-clause 6.2.3, while the A-MPR for compliance with the mask in Figure 1 should (ideally) be the same as that allowed for Band 48. The MPR allowed for Band 48 is shown in Table 1 (NS_27). 
Table 1: A-MPR for "NS_27"

	Parameters

	Channel bandwidth

[MHz]
	RBstart
	RBend
	LCRB
	A-MPR

	15
	0 – 6
	
	≤ 15
	≤ 4 dB

	
	
	68 – 74
	
	

	
	≥ 0
	
	≥ 60
	≤ 2 dB

	20
	0 – 12
	
	≤ 20
	≤ 4 dB

	
	
	87 – 99
	
	

	
	13 – 15
	
	≤ 3
	≤ 1 dB

	
	
	84 – 86
	
	

	
	≥ 0
	
	≥ 60
	≤ 3 dB


We observe that a total backoff for fully allocated carrier is 4 dB, 5 dB, 6 dB and 8 dB for QPSK, 16QAM, 64QAM and 256QAM respectively.

Next we show simulations of the A-MPR based on a 2.7 GHz PA and the “standard” configuration for back-off simulations in “high” bands, i.e. PA calibrated for ACLR compliance with 1 dB back-off, counter-IM3 of 60 dB, IQ image of -25 dB and an LO leakage of -25 dBc etc. For EVM, 2% is allocated to the PA for 256QAM modulation. The backoff (MPR) needed for the 10 MHz channel is shown in Figure 2 for all possible RIV (specified in clause 8.1.4 of 36.213). The abscissa shows the numerical value of the RIV bitmap, e.g. ‘00010’ = 2. The value RIV = ‘11111’ = 31 corresponds to full allocation. For non-contiguous allocation we observe that the MPR is in accordance with that specified for Band 46:
The allowed MPR for transmission on an Scell in Band 46 within a component carrier of a nominal channel bandwidth of 10 MHz or 20 MHz is in accordance with 6.2.3-1 for L = 5 (10 MHz) and L = 10 (20 MHz) with L defined in Clause 8.1.4 of [6]. For all other possible values of the RIV defined in Clause 8.1.4 of [6] the allowed MPR is 2.5 dB for QPSK modulation, 3 dB for 16QAM modulation and 4 dB for 64QAM modulation (256QAM is FFS). 
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Figure 2: Backoff (MPR) for the 10 MHz channel bandwidth.
The results also suggest that the MPR allowed for interlaced transmissions in Band 46 could also be applied to the CBRS band, the general requirements are the same (the conclusion for 256QAM is still FFS).
The A-MPR results are shown in Figure 3, the total backoff displayed also account for the general requirements (yellow line). From these results it appears that no A-MPR is needed for the 10 MHz channel bandwidth, the allowed MPR specified for non-contiguous 10 MHz interlaced transmissions in Band 46 is sufficient.
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Figure 3: Backoff (A-MPR) for the 10 MHz channel bandwidth.

The back-off (MPR) needed for the 20 MHz bandwidth is shown in Figure 4. The RIV now ranges to 63 (the eight last are those specified in Table 8.1.4-1 in 36.213); contiguous allocation corresponds to RIV = 19. Again we observe that the MPR specified for interlaced transmissions Band 46 are sufficient.
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Figure 4: Backoff (MPR) for the 20 MHz channel bandwidth.

The A-MPR for the 20 MHz bandwidth are shown in Figure 5. Comparing to the MPR allowance, we observe that A-MPR is needed also for channels inside the band. For the latter, an A-MPR up to 1 dB is needed for modulation orders up to 64QAM, while up to 4 dB is needed for edge channels (QPSK). The resuts for the contiguous allocation (RIV = 19) yield a total backoff less than to that allowed for Band 48 for channels within the band but on par with these for edge channels. 
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Figure 5: Backoff (A-MPR) for the 20 MHz channel bandwidth.

To sum up, the results shows that the MPR allowed for inter-laced transmissions in Band 46 could also be applied for Band 49 up to the 64QAM modulation order. For the 256QAM modulation the results shows that MPR = 3.5 dB is sufficient to meet the (dimensioning) EVM requirements, which is less than the 4 dB allowed for 64QAM. Furthermore, A-MPR may only be necessary for the 20 MHz bandwidth and could be specified like shown in Table 2.
Table 2: A-MPR for CBRS
	Parameters

	Channel bandwidth
[MHz]
	Carrier centre frequency (FC)

[MHz]
	Uplink resource allocation
	A-MPR

[dB]

	20
	3580 ≤  FC ≤ 3670
	L = 10 (RIV = 19)
	

	
	
	Any other RIV
	

	
	3560 ≤ FC < 3580

3670 < FC ≤ 3690
	L = 10 (RIV = 19)
	

	
	
	Any other RIV
	

	NOTE 1:
The uplink resource allocation is defined in Clause 8.1.4 of [6].


3 In-band emissios requirements
The in-band emissions requirements specified for the 20 MHz bandwidth in Band 46 can be reused also for 20 MHz, the requirements for the 10 MHz bandwidth are outstanding. IBE for the 10 MHz channel should be specified since 10 MHz is the spectrum block size in the CBRS band.

The IBE mask specified for the 20 MHz bandwidth can also be reused for the 10 MHz bandwidth by a similar restriction of the RIV and by restricting the RB offset from the allocated RBs. For the 10 MHz channel one can consider e.g. a RIV bitmap of ‘00001’ or ‘01000’ for verifying the IBE mask and the IQ image requirements, while a RIV bitmap of ‘00100’ could be used for verifying the LO leakage. Figure 6 and Figure 7 show the respective in-band emissions performance for a RIV bitmap of ‘00001’ (RB allocated at the top of each interlace) and ‘00100’ (RB allocated in the middle of each interlace not overlapping with the LO frequency). The LO itself is not shown in Figure 7 (after its removal). The in-band mask (shown in blue line) is met in both cases; the peak at RB position ‘0’ in Figure 6 is the IQ image.
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Figure 6: in-band emissions for the 10 MHz bandwith with RIV = ‘00001’.
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Figure 7: in-band emissions for the 10 MHz bandwith with RIV = ‘00100’.

In-band emissions requirements covering both the 10 MHz and 20 MHz channel bandwidths for Band 49 could be specified as follows:
6.5.2.3.1

Minimum requirements

The relative in-band emission shall not exceed the values specified in Table 6.5.2.3.1-1.

Table 6.5.2.3.1-1: Minimum requirements for in-band emissions

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	For Frame Structure Type 1 and Frame Structure Type 2:
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For Frame Structure Type 3 and for 10 MHz and 20 MHz channel bandwidths:
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	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (NOTES 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For Frame Structure Type 3 and 20 MHz channel bandwidth, the requirement applies for QPSK, 16QAM and 64QAM modulation with 
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specified in [6]. For Frame Structure Type 3 and 10 MHz channel bandwidth in Band 49, the requirement applies for QPSK, 16QAM, 64QAM and 256QAM modulation with 
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NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs. For Frame Structure Type 3 with 20 MHz channel bandwidth, the applicable frequency is 
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 for QPSK, 16QAM and 64QAM modulation. For Frame Structure Type 3 with 10 MHz channel bandwidth operated in Band 49, the applicable frequency is 
[image: image16.wmf]48

=

PRB

n

 for QPSK, 16QAM, 64QAM and 256QAM modulation.
NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs. For Frame Structure Type 3 and 20 MHz channel bandwidth, the requirement applies for QPSK, 16QAM and 64QAM modulation with
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NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

NOTE 6:
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 is the Transmission Bandwidth (see Figure 5.6-1). 

NOTE 7:

[image: image22.wmf]RB

N

 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

NOTE 10:

[image: image27.wmf]RB
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.
[NOTE 11: For V2V-V2X waveforms, the requirements are applied when PSSCH and PSCCH are adjacent in frequency. The limit values (General, IQ Image or Carrier leakage) of each channel is calculated separately as Pgeneral, PSSCH, PIQ, PSSCH, PLO, PSSCH, Pgeneral, PSCCH, PIQ, PSCCH, PLO, PSCCH ,respectively. In-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB, PSSCH - 30 dB and the PsumIBE.SSCH, where PsumIBE.SSCH is the linear sum of Pgeneral, PSSCH, PIQ, PSSCH, PLO, PSSCH, Pgeneral, PSCCH, PIQ, PSCCH, PLO, PSCCH.]


NOTE:
For Frame Structure 3 and operations in Band 46, in-band emissions requirements are not specified for the 10 MHz channel bandwidth.

4 Conclusion
For FS 3 operations in the CBRS band 3550-3700 MHz (Band 49), the simulations results shown herein indicate that, for the UE,
1. the MPR specified for interlaced transmissions in Band 46 can also be applied to Band 49 

2. the MPR allowed for 64QAM is sufficient also for 256QAM

3. A-MPR is not needed for the 10 MHz bandwidth (assuming that Item 1 above applies)

4. the in-band mask applicable for FS 3 operations in a 20 MHz bandwidth can also be adopted for the 10 MHz channel bandwidth with approporiate modifications of the RB configurations for the test waveforms.
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