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Introduction
In a recent addition [1], uplink channel bandwidths of 25 MHz and 30 MHz have been proposed for inclusion in Band n71.  It is well known that Band n71 suffers from degraded performance for wider channels due to the relatively small Tx-Rx separation.  This contribution provides an analysis on the expected reference sensitivity for 25 MHz and 30 MHz channels with symmetric uplink and downlink.
Discussion
Asymmetric UL/DL configuration
The UE performance challenges of Band n71 are well known.  Due to the relatively narrow Tx-Rx separation of 46 MHz, spurious products and PA spectral regrowth from the uplink extend into the downlink frequency band resulting in degraded receiver performance.  This is evident in the existing specifications for Band n71.  The reference sensitivity specification as well as its uplink configuration for Band n71 is shown below from 38.101-1.
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)
	40
MHz
(dBm)
	45 MHz (dBm)
	50
MHz
(dBm)

	n71
	15
	-97.2
	-94.0
	-91.6
	-86.0
	-84.1
	-82.5
	-80.7
	
	
	

	
	30
	
	-94.3
	-91.9
	-87.4
	-84.2
	-82.6
	-80.8
	
	
	



	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	60
	70
	80
	90
	100
	Duplex Mode

	n71
	15
	25
	251
	201
	201
	Note 5
	Note 5
	Note 5
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	121
	101
	101
	Note 5
	Note 5
	Note 5
	
	
	
	
	
	
	
	
	

	Note 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).
Note 5:	For this DL channel bandwidth, the UL configuration of the highest UL channel bandwidth specified in Table 5.3.6-1 and the default Tx-Rx frequency separation specified in Table 5.4.4-1 shall be used.




By careful observation, it can be seen that the reference sensitivity for larger bandwidth is compromised for Band n71.  The decrease in performance for 15 MHz and larger channels is considerably larger than would be expected by simple bandwidth scaling.  This indicates that the reference sensitivity for these wider channels suffers from more than thermal noise – in fact, it was recognized that a number of transmitter spurious products fall into the downlink band.  Additionally, it is observed that the uplink configuration is limited to 20 RB’s for 15 kHz SCS.  This is another indication that the close Tx-Rx separation for the band makes the receiver vulnerable to transmitter noise; hence, the uplink bandwidth is reduced to minimize the ingress.  Finally, Note 5 in the uplink configuration for 25, 30, and 35 MHz downlink channels (the maximum uplink channel bandwidth is presently 20 MHz in Band n71 [2]) shows that the uplink channel is placed at the Tx-Rx frequency separation specified for the band in the case of asymmetric UL/DL channel bandwidths.  This is yet another attempt to provide slightly more separation between Tx and Rx to suppress interference.  In spite of all these measures, the reference sensitivity is severely degraded.
Observation:  It is well understood that Band n71 has a challenging Tx-Rx frequency arrangements leading to severe degradation in performance for wider channel bandwidths.
Symmetric UL/DL configuration
The addition of 25 and 30 MHz symmetric channels is bypassing the previous agreement to limit the uplink channel bandwidth to 20 MHz in Band n71.  As described above, the purpose of limiting the uplink bandwidth was to reduce the effect of transmitter noise into the receiver.  With the addition of 25 MHz and 30 MHz uplink bandwidths, it is expected that the reference sensitivity will be even further degraded.
An illustration of the uplink and downlink channel configuration for reference sensitivity is shown below with an assigned channel at the low edge of the band.  In Figure 1, the existing UL/DL configuration is illustrated where the uplink is limited to 20 MHz, the channel is centered at the Tx-Rx separation of 46 MHz for the band, and the uplink RB allocation is constrained to 20 RB’s at the edge of the channel closest to the downlink.  
[image: ]
Figure 1.  UL/DL configuration for reference sensitivity with the existing asymmetric channels (uplink limited to 20 MHz)

In Figure 2 with the proposed symmetric configuration, it can be seen that the uplink RB’s are closer to the downlink than they were in Figure 1 and therefore, while the uplink is still limited to 20 RB’s, it can be expected that the ingress into the downlink with be greater.  
[image: ]
Figure 2.  UL/DL configuration for proposed symmetric 25 and 30 MHz channels.
Refsens analysis
The reference sensitivity is then analyzed with the symmetric configuration using the same approach as presented in [3] and [4].  Note that the power class analyzed is PC3.  PC2 is expected to suffer even more receiver degradation due to the higher transmit power.
[image: ]
Figure 3.  Summary of refsens analysis

It can be seen in the summary table of Figure 3 that the reference sensitivity has dropped by more than 10 dB by utilizing the wider uplink compared to the existing specification with 20 MHz uplink.  The dominant interference source is the 3rd order product of the baseband which lands into the downlink.  The 3rd order IM between the transmitted signal and its image reaches the upper portion of the downlink since the uplink RB’s are much closer in the symmetric configuration as illustrated in Figure 2.  For the 30 MHz case, the overlap between the 3rd order IM to the Rx band is even larger and hence the noise in the receive band is even more significant causing a larger degradation.
Observation:  The degradation in reference sensitivity with symmetric 25 MHz and 30 MHz channels is more than 10 dB compared to asymmetric channels with 20 MHz uplink.  The primary cause is the 3rd order product of the Tx baseband signal.
Proposal:  Refsens specified as -75.9 dBm and -69.9 dBm for 25 MHz and 30 MHz channels, respectively.
Possible mitigation methods
One brute force method to mitigate the degradation in performance is to improve the Rx isolation from the Band n71 duplexer.  The Rx isolation is assumed to be 50 dB worst case in the above analysis.  An improvement of worst case isolation by 5 dB leads to a reference sensitivity of -80.6 dBm and 74.8 dBm for 25 MHz and 30 MHz respectively, assuming other parameters such as insertion loss are not altered.  Initial filter simulation results show promise, but the feasibility of improved duplexer isolation in such a manner has not yet been established.
Another method to improve the performance is by careful scheduling of uplink and downlink RB’s, especially if the Tx and Rx power can also be factored into consideration since UE’s at cell edge with high Tx power and low Rx power are most susceptible.  It was observed that the dominant source of interference is the 3rd order product of the uplink RB’s.  If the UL and DL RB’s can be scheduled with enough separation, then the 3rd order product could be avoided.  There would still be other terms such as PA noise, but these should also be reduced if the uplink RB is reduced.  Of course, other spurious products such as CIM3 and IM5 can become problematic depending on the UL and DL RB allocation, so these would also need to be carefully scheduled around.  If the UL and DL RB’s are allocated as if the uplink channerl were limited to 20 MHz, the performance could be improved.  Note that it may not attain reach the same performance as the asymmetric configuration since the baseband is now configured for 25 MHz and 30 MHz uplink and its baseband filter may be wider compared to 20 MHz uplink.  
Conclusion
The challenge of Band n71 reference sensitivity with wider channels has been recognized in the past.  The existing Band n71 reference sensitivity specification consists of a number of concessions as a reflection of the noise imparted by the transmitter to the receiver and the resulting degradation in performance.  Extending the uplink to 25 MHz and 30 MHz to form symmetric uplink and downlink configurations (25+25 MHz and 30+30 MHz) has a deleterious effect on reference sensitivity.  It was found that the reference sensitivity degrades by 10 dB or more when the uplink is extended to 25 MHz and 30 MHz.  Some of this degradation can be recovered if the Band n71 duplexer can be improved to provide greater Rx isolation, but this has not yet been shown to be feasible.  Network scheduling can also address the degradation if the scheduler is able to recognize and avoid UL and DL allocations which result in spurious interference from UL to DL in the UE.  Note that this contribution has only analyzed power class 3.  The degradations are expected to be even larger for PC2 which is also in scope of the work item.
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Summary Table

TX BW 25 30

RX BW 25 30

RX Alloc BW 23.94 28.8

Foffset/BW 10.0 9.3

FELoss 4 4

Ant -10 -10

TX_RX_iso_RX_dB -50 -50

TX_RX_iso_TX_dB -55 -55

HDx_Emission_dBm -75.0 -69.0

TX_IM2, dBm -110 -110

Tx_noise, dBm/BW -91.1 -90.3

TX_total, dBm/BW -75.0 -68.9

Themal (from NF), dB -88.7 -87.9

Composite, dBm/BW -74.8 -68.9

MRC REFSENS, dBm -75.9 -69.9

RB start position 0 0

UL config 20 20
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