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1. Introduction
At RAN4#51, CR R4-092019 [1] was submitted for approval regarding the number of RBs used for UL transmission in the receiver sensitivity tests. This contribution gives further background for that proposal. 
2. Discussion

In the receiver sensitivity tests, the UE Tx is set to maximum output power so as to exercise the receiver selectivity with respect to own Tx signal.  Self-desense can occur due to the following reasons: 

1. Insufficient attenuation of wide-band Tx noise floor

· Typical 0.5dB desense is already included in the REFSENS budget

· Not a primary function of Tx BW

2. Spectral re-growth [3][4]
· Strong dependency on Tx BW

· New issue for LTE (relative to UMTS)
3. Cross-modulation (IP2)

· Limiting factor when both UL and DL assignment is narrowband [10]; not applicable to >3MHz system BW cases with the current REFSENS definition
We will only consider noise sources #1 and #2.  

2.1.  Analytical results

Note that spectral re-growth was not a factor for UMTS because the Rx-Tx separation was always at least 30MHz and this ensured that the Rx channel was in the ACLR6 region (by assuming 5MHz ACLR boundaries).  A study of this was presented in [2], from which the desense values are copied in Table 1 below. 

Table 1: UMTS Tx Noise Floor Sensitivity to TX/RX Frequency Separation
	ACLR Order
	Tx-Rx Freq Sep
	PA ACLR
	Spectral Regrowth 

@ PA out
	PA Noise 

@ PA out
	Total PA Noise

@ PA out
	Tx Noise Floor

@ LNA in
	Total Noise Floor

@ LNA in
	Absolute Desense
	Normalized Desense

	Unit
	MHz
	dBc/3.84MHz
	dBm/Hz
	dBm/Hz
	dBm/Hz
	dBm/Hz
	dBm/Hz
	dB
	dB

	1
	5
	-36
	-73.84
	-135.00
	-73.84
	N/A
	
	
	

	2
	10
	-49
	-86.84
	-135.00
	-86.84
	N/A
	
	
	

	3
	15
	-62
	-99.84
	-135.00
	-99.84
	-144.84
	-144.83
	26.67
	26.09

	4
	20
	-75
	-112.84
	-135.00
	-112.82
	-157.82
	-157.63
	13.87
	13.29

	5
	25
	-88
	-125.84
	-135.00
	-125.35
	-170.35
	-167.87
	3.63
	3.05

	6
	30
	-101
	-138.84
	-135.00
	-133.50
	-178.50
	-170.71
	0.79
	0.22

	7
	35
	-114
	-151.84
	-135.00
	-134.91
	-179.91
	-170.92
	0.58
	0.01

	8
	40
	-127
	-164.84
	-135.00
	-135.00
	-180.00
	-170.93
	0.57
	0.00

	9
	45
	-140
	-177.84
	-135.00
	-135.00
	-180.00
	-170.93
	0.57
	0.00


For the derivation of Table 1, the following assumptions were used: 
1. 45dB Tx(Rx duplexer isolation

2. 2.5dB LNA noise figure
· Note that the Rx noise figure of a UE is assumed to be 9dB; the difference between the overall Rx noise figure and the LNA noise figure is due to the duplexer, switch, trace, etc. losses present between the LNA input and the antenna connector

3. -135dBm/MHz wideband Tx noise floor (at PA output)

Next, we repeat a similar calculation as in Table 1 this time for the LTE case, with the following differences: 

1. 10MHz LTE set up is assumed
2. 31 MHz constant Rx-Tx channel separation is used

3. Tx BW is changed between rows of the Table

· It is assumed that the UL allocation is the worst case, i.e. at the closest possible to the Rx band
The following additional LTE specific assumptions were used:

1. 1dB MPR (for UL allocations above 12RBs)
2. Effective duplex gap is 22MHz due to 0.5MHz guardband in 10MHz LTE

Table 2 shows the desensitization results for LTE. 
Table 2: LTE Tx Noise Floor Sensitivity to allocated Tx bandwidth
	Tx-Rx Freq Sep
	Duplex Gap
	UL BW
	UL BW
	ACLR Order
	Fraction of ACLR region
	PA ACLR
	Scaled ACLR
	Spectral Regrowth 
	PA Noise 
	Total PA Noise
	Tx Noise Floor
	Total Noise Floor
	Abs. Desense
	Norm. Desense

	
	
	
	
	
	
	
	
	@PA out
	@PA out
	@PA out
	@LNA in
	@LNA in
	
	

	MHz
	MHz
	RBs
	MHz
	Unit
	
	dBc / UL_BW
	dBc / DL_BW
	dBm/Hz
	dBm/Hz
	dBm/Hz
	dBm/Hz
	dBm/Hz
	dB
	dB

	31
	21
	15
	2.7
	9
	0.85
	96
	101.19
	-138.5
	-134
	-132.68
	-177.68
	-170.56
	0.94
	0.23

	31
	21
	20
	3.6
	7
	0.89
	80
	83.77
	-122.34
	-134
	-122.05
	-167.05
	-165.72
	5.78
	5.07

	31
	21
	25
	4.5
	5
	0.11
	64
	72.72
	-112.25
	-134
	-112.22
	-157.22
	-157.06
	14.44
	13.72


As it can be seen form Table 2, there is significant desensitization in the case of 20RB transmissions compared to that with 15RB transmission.
Note that similar studies had been presented earlier [4][5][6];  In particular, in [4], a 15RB requirement was proposed for Band 13. 
2.2.  Measurement results

We present results obtained by measuring Band 13 PAs. The measurements were made at 27.8dBm output power, at which the PA operates at a nominal 33dB ACLR operating point (3dB below the ACLR requirement). 

The measurement results are shown in Table 3 below. 

 Table 3  Measured Total Rx noise in Band 13

	UL BW
	Rx noise at 755.5MHz
	Rx noise averaged over 746.5MHz … 755.5MHz
	Calculated normalized desense 

	(RBs)
	(dBm/Hz)
	(dBm/Hz)
	(dB)

	20
	-115.1
	-120.6
	6.2

	15
	-124
	-128.6
	1.4


2.3.  Rx Diversity Considerations

The desensitization values shown in Table 2, 3 were for a single Rx chain case.  As it was discussed earlier [5], there will be a performance gain with 2Rx receivers because the diversity chain would see less interference from the Tx signal than calculated above. Assuming perfect isolation between the antennas, in the limit the desensitization is at most 3dB, which can be achieved with falling back to the secondary chain. In practice, there will be coupling between the two antennas (7dB…10dB typical coupling loss have been considered); however, in the sensitivity test set up, conductive measurements are used, so coupling loss would be significantly higher. 

On the other hand, the above statement relies on assuming a particular architecture limited to 1Tx and 2 Rx.  As it was mentioned earlier [7], we don’t believe it is appropriate to preclude other UE architectures by the constraints of sensitivity testing. 

It is possible that some UEs will use two Tx chains as well as two Rx chains. The reasons for using two Tx chains could be the following: 

1. Tx beamforming (e.g. Rel9 UEs operating in Rel8 mode)
2. Battery life improvement. Two 20dBm PAs at close to max power draw less current than a single 23dBm PA

3. If higher power class UEs are introduced, they would likely operate with two PAs. 
We believe that the above solutions should not be precluded; therefore the REFSENS requirements should be derived so that a UE with two Tx chains can also pass.  
Of course, the above possibilities are somewhat speculative, therefore do not give very strong reasons individually; however, as will be discussed in the next subsection, there is not a significant gain with an increased UL BW; therefore, we see no benefit to be attained with excluding any of these options.  

2.4.  Impact in a Practical Scenario 
As it was discussed in [7], we need to consider the real impact of the selection of the required supported UL BW in the sensitivity test set up.  
Assume the following: 

1. 43dBm eNB Tx power

2. 23dBm UE Tx power

3. Symmetric Rx – Tx antenna gains at both UE and eNB, resulting in comparable path loss on UL and DL

Assume a UE that meets the sensitivity requirement, which is -94dBm in the 10MHz channel case for Band 13 [8]. 
With the assumed UL-DL pathloss reciprocity and accounting for the Tx power difference between the eNB and UE, the received power at the eNB in the scenario under consideration would be -94dBm – (43dBm – 23dBm) = -114dBm. 

Next, we compare this to the actual eNB sensitivity requirement, which is -101.5dBm with a 25RB UL allocation [9]. Since the eNB sensitivity test is defined per antenna port, the Rx diversity sensitivity should be about 3dB less, i.e. -104.5dBm with 2Rx. 

Based on these, we can calculate the received SNR at the eNB and the achievable code rate with single or two targeted transmissions shown in Table 4 below.  

The SINR deficiency for the 25RB case was obtained by comparing the -114dBm received power level with the -104.5dBm level required for UL sensitivity. The other RB cases were calculated by BW and PSD scaling. 
Table 4  Code rate comparison with different UL allocations
	UL BW
	Rx power @eNB
	SNR difference relative to 25RB allocation
	SNR deficiency relative to eNB REFSENS
	Achievable code rate for 5% residual BLER after 1Tx
	Achievable code rate for 5% residual BLER after 2Tx

	(RBs)
	(dBm)
	(dB)
	(dB)
	
	

	25
	-114
	0
	-9.5
	0.037
	0.074

	20
	-114
	1
	-8.5
	0.047
	0.094

	15
	-114
	2.2
	-7.3
	0.062
	0.124

	10
	-114
	4
	-5.5
	0.094
	0.188

	6
	-114
	6.2
	-3.3
	0.16
	0.32

	3
	-114
	9.2
	-0.3
	0.31
	0.62


As it can be seen in Table 4, the achievable code rate approaches the target 1/3 only when the number of allocated RBs is 3 and 6 for 1 and 2 UL transmissions, respectively. Since the LTE turbo codec uses a 1/3 code, using more than 3 or 6 RB UL allocation in the scenario considered would not improve performance in any significant way. 
Thus, we observe that in typical conditions, when the UE receiver operates at the sensitivity level, assigning more than 3…6 RBs on the UL will not improve UL throughput.  
In the above, we ignored DL interference at the UE. If the UE receives interference from other eNB then the DL Rx signal level would be higher corresponding to the same DL SNR, which in turn would result in improved UL SNR at the eNB (assuming pathloss reciprocity). However, when the UE receives interference form other eNBs then it is no longer sensitivity limited, so this scenario is not really of interest. 

We ignored UL IoT. With a reasonable IoT operating point, the UL Rx SNR would further degrade, thus reducing the supportable number of UL RBs.  

Note also that the DL could operate at a higher target SNR, in which case the UL SNR will also improve if we keep the reciprocity assumption. But operating at a high SNR regime is not typically associated with the UE sensitivity requirement, so it is not a useful scenario for this comparison. 
Overall, we conclude that the UL BW restriction for desense is not associated with any UL data rate limitation. In the scenarios typical for DL sensitivity regime, the UL data rate is the same with 6RB, 15RB or 20RB UL allocations. Therefore the eNB is expected to allocate less than 15RBs in any case when the UL SNR is limited as in the considered practical scenarios. 
3. Conclusion
In this document, we gave justification for the proposed reduction of the UL BW for sensitivity testing. We have discussed the following: 

1. The currently specified 20RB limit cannot be met with single Rx performance (5dB desensitization)

2. In practical scenarios, when the UE receiver operates at the sensitivity level, the eNB receiver would operate below its sensitivity level due to the typical 20dB power offset between eNB Tx and UE Tx. This fact results in no expectation of any impact on practical UL link performance between 15RB and 20 RB allocations. 
3. Relying on dual Rx performance for meeting the self-desense performance requirement is not desirable because it precludes 2Tx UE architectures
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