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1 Introduction
The requirements for maximum sensitivity degradation (MSD) are not yet specified for any operating band. In this contribution we look at possible requirements for all bands up to Rel-9 assuming an architecture that can support two transmit antennas in the uplink. We also consider potential changes to the REFSENS requirements following proposed changes of the uplink PRB allocation in [1]. 

A preliminary draft CR is attached to indicate and the outstanding requirements and where changes are potentially needed; all numbers are provisional.
2 Method for calculating REFSENS and MSD
For the calculation of REFSENS and MSD we assume a transmit diversity architecture with two separate branches each equipped with a TX- and an RX chain. We do this to avoid modifications in future releases rather than choosing a front end based on an RX only receive-diversity port that will be more common for Rel-8. The MSD for the latter architecture would be lower, but the difference is usually small (a dB or so) because the only PA in this architecture must have a 3 dB higher power rating than those of the former in order to produce the required output power at the antenna port. 
The reference sensitivity as measured at the antenna port is obtained as 
(2.1)
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where B is the bandwidth, i.e. the maximum transmission configuration,  the margin for transmitter noise that must be applied to achieve no desensitization (MSD = 0 dB) and Fmax is the noise factor per branch assumed for the reference sensitivity. For each operating band we use the WCDMA noise factor as a starting point, but introduce the margin  to be able account for a larger transmitter noise for LTE in certain cases (stated noise factors normally include transmitter noise). However, generally speaking, for a given bandwidth < 5 MHz the difference between the noise factors specified in two different operating bands should be the same for WCDMA and LTE with full uplink allocation.
The respective transmitter and receiver noise per branch are obtained as

(2.2)
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where Lrx is the duplexer receive-filter insertion loss, atx-rx the duplexer isolation, Pout the PA power output before the transmit filter of the duplexer. The ACLRRX is the transmitter unwanted emission falling into the receive band, measured in the entire receive bandwidth and referred to the total output power (thus dBc).
The reference receiver is based on maximum ratio combining. We make the following assumptions: 

1. the correlation between the two TX signals is non-zero (transmit diversity or same signal at both ports)

2. the transmitter noise on each branch is dominated by the own transmitter, we neglect the coupling from the other branch (a conductive test)

so each TX/RX branch is considered on its own but with correlated transmitter noise (see [2] for more details). 

With the exception of a few combinations of operating bands and bandwidths we have 
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 in (2.2) for the specified uplink allocation as per Table 7.3.1-2 of TS 36.101: the uncorrelated receiver noise (between the branches) is dominating the correlated transmitter noise in which case we have MRC gain whence SNR = -2.0 dB per branch. A fixed = 0.5 dB is then assumed as default for most operating band and bandwidth combinations so that
(2.3)
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A positive value would imply desensitization. If
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for both ports the desensitization is large for the uplink allocation considered, then the SNR should be increased by up to 3 dB due to the correlated noise (no or reduced MRC gain); we assume a 3 dB increase as a worst case. This is usually the case when MSD is measured, whence
(2.4)
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where Vtf  is the transmitter noise at full uplink allocation (the maximum transmitter configuration) and is the aforementioned margin assumed for the REFSENS value in (2.2). The factor 2 accounts for the required increase of SNR when the transmitter noise is dominating. 
For some combinations of operating bands, e.g. the 20 MHz bandwidth for Band 20, then the transmitter noise is dominating so that
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 also at the uplink allocation specified at the reference sensitivity level (less than the maximum allocation). Then we must choose an > 0.5 dB for the computation of REFSENS in (2.1) and the inequality (2.3): MSD is then reduced to
(2.5)
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This is also the case when
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 at both REFSENS and the full allocation at MSD. When 
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 then the SNR is in the range -2.0 dB < SNR < 1.0 dB, but since we are concerned with minimum requirements we choose the upper limit unless
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 (the SNR values discussed include all impairments except the effect of the transmitter noise). 
Next we look at provisional values for MSD and discuss some possible changes of REFSENS following [1] (more background and details on the calculation on MSD in various cases can be found in [2]). Note that the values also apply to the architecture with an RX only receive-diversity port.
IP2 effects are neglected at the maximum transmission allocation with larger transmitter noise.

3 Proposed changes REFESENS and MSD results

Based on data from duplexer filter vendors the following assumptions are made for the calculations of (2.2)
· the noise factor Fmax = 9 dB for Band 1 and scaled like for WCDMA for other operating bands (e.g. 12 dB for Band 3), includes ANT->RX insertion loss
· the duplexer TX-RX isolation set to a typical value of 45 dB for all operating bands, except Band 13 and 17 for which 50 dB is assumed
· TX insertion loss is set to a maximum 3 dB 

· Pout-ant at antenna 22-23 dBm (MPR ≤ 1 dB)
and for the insertion loss Lrx (including switching loss)
Band 1,4,5,6,10,18,19 


3.0 dB

Band 9,11,12,13,17,21


3.5 dB

Band 2,3,7,8,20



4.0 dB

To estimate the MSD we need the ACLRRX for the maximum uplink transmission configuration per channel bandwidth. Results for selected bands are shown in Table 1. For Band 11 we give results up to 20 MHz bandwidth (included in the first Rel-8 versions of TS 36.101) for information, 
Table 1 ACLRRX for different bands (dBc), maximum transmission configuration for UL

	E-UTRA Band
	5MHz/25 RB
	10 MHz/50 RB
	15 MHz/75 RB
	20 MHz/100 RB

	2
	
	
	74
	68

	3
	
	87
	76
	70

	5,6
	
	70
	
	

	7
	
	
	83
	76

	8
	
	70
	
	

	9
	
	
	78
	71

	11
	
	70
	(61)
	(51)

	12
	76 
	60
	
	

	13
	76
	60
	
	

	17
	76
	60
	
	

	18,19
	
	
	60
	

	20
	
	
	58
	48.6

	21
	
	70
	61
	


Revised uplink allocations for the REFSENS test (Table 7.3.1-2 in TS 36.101) is proposed in [1]. Table 2 lists ACLRRX for the allocations currently specified and these proposed changes. 
Table 2: ACLR for different bands (dBc) at various allocations
	E-UTRA Band
	5MHz
	10 MHz
	15 MHz
	20 MHz

	2
	
	
	80 (50 RB)
82 (45 RB)
	77 (50 RB)

80 (40 RB)

	5,6 
	
	80 (25 RB)
	
	

	7
	
	
	83 (75 RB)

	81 (75 RB)

82 (70 RB)

	9
	
	
	85 (50 RB)
	82 (50 RB)

	12,13,17
	
	72.4 (20 RB)
74.6 (15 RB)
	
	

	18,19
	
	
	74 (25 RB)
75 (20 RB)
	

	20
	
	
	70 (25 PRB)
	57 (25 PRB)


The desensitization according to the left-hand side of (2.3) is shown in Table 3 using = 0.5 dB, should be ≤ 0 dB. Note we have assumed a constant 45 dB TX-RX isolation for all bands; this is band dependent so the use of tenths of dB in the ACLRRX is questionable since other parameters are chosen with coarser granularity. For Band 13 and 17 duplexers a TX/RX isolation of 50 dB has been assumed (but 45 dB for Band 12 due to a wider pass-band).
Table 3: Desense for different bands (dBc) at various allocation ( = 0.5 dB)
	E-UTRA Band
	5MHz
	10 MHz
	15 MHz
	20 MHz

	2
	
	
	
0.2
 (50 RB)

 0 (45 RB)
	 0.6 (50 RB)


0.1
 (40 RB)

	5
	
	 0.3 (25 RB)
	
	

	6
	
	0.8 (25 RB)
	
	

	7
	
	
	 0 (75 RB)


	 0 (75 RB)


0
 (70 RB)

	9
	
	
	
0
 (50 RB)
	 0 (50 RB)

	12
	
	2.8 (20 RB)

1.8 (15 RB)
	
	

	13,17
	
	0.8 (20 RB)
0.3 (15 RB)
	
	

	18,19
	
	
	2.3 (25 RB)

1.9 (20 RB)
	


Now, rather than changing the uplink allocations and deviate from the principle of increasing the uplink allocation with bandwidth, we propose to change the reference sensitivity for the bands in Table 3 that display a large desense. For Band 2 and 20 MHz bandwidth, we keep the 50 PRB allocation and increase the REFSENS instead of reducing to a 40 PRB allocation. The latter does not help for the 15 MHz bandwidth for Band 18/19, the ACLRRX does not decrease significantly for smaller allocations due to the small duplex separation, a problem similar to that in Band 20. Increasing the typical duplexer isolation to 50 dB would remove the desense problems for these bands but is not justifiable.    
Next we list the proposed changes of REFSENS following the results in Table 3:
· Band 2: retain the 50 RB uplink allocation (same as 15 MHz) but increase REFSENS by 0.5 dB, use  = 1 in (2.1)
· Band 12: decrease allocation to 15 RB as proposed in [1] and increase REFSENS by 2 dB for 10 MHz (duplex isolation lower for Band 12),  = 2.5 is needed for to fulfill (2.3)

· Bands 13 and 17: decrease allocation to 15 RB as proposed in [1], the REFSENS is still on the verge: SNR = -2.0 dB is used (uncorrelated interference at the two RX branches) but should actually be increased slightly
· Bands 18 and 19: increase REFSENS by 2.5 dB, there is not much point in decreasing the allocation since the ACLRRX will not change much,  = 3.0 is used and SNR kept at -2.0 dB at the 25 PRB uplink allocation
The following are not changed:
· Band 5: keep allocation and REFSENS (2 dB above Bands 18 and 19)

· Bands 7 and 9: the current requirements are fine with a 45 dB duplexer attenuation.
Revisiting the outstanding requirements for the 15 and 20 MHz bandwidths for Band 20, we use ACLRRX values from [3], but refer also to [4] and [5] for additional results (note that the prerequisites assumed in these three contributions are somewhat different). The uplink allocation for both these bandwidths is set to a provisional 25 PRB, but for the higher bandwidth we must use the ACLRRX = 57 dBc or 1 PRB (the ACLRRX does not increase monotonically for Band 20), the actual value for 25 PRB is 60 dBc. In order to satisfy (2.3), we pick  = 4.0 dB and SNR = -2.0 dB in (2.1) for 15 MHz,  = 14.5 dB and SNR = 1.0 dB (correlated interference at the two RX branches) for 20 MHz.
We have not considered Band 11, but for the 10 MHz bandwidth and anticipating an ACLRRX similar to Band 5 for 25 RB uplink allocation (Table 2), the duplexer isolation must be > 45 dB (typically 50 dB) to meet the desense criterion (2.3). 
Table 4 shows the proposed changes of the REFSENS requirements (up to Rel-9 bands), and Table 5 shows the corresponding changes for the uplink allocation. Table 6 shows the resulting MSD obtained from (2.4) and (2.5). The MSD for 20 MHz bandwidth for Band 20 is lower since the transmitter noise is dominating for both the REFSENS and the MSD value, and the REFSENS is conservatively chosen for the requisite 25 PRB allocation in order to be met for any smaller allocation (the ACLRRX for 1 PRB is smaller than that for 25 PRB). 
Table 4: Proposed changes of REFSENS

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	1
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-103.2
	-100.2
	-98 
	-95
	-93.2
	-91.5
	FDD

	3
	-102.2
	-99.2
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-105.2
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	-
	-
	-100
	-97
	
	
	FDD

	7
	-
	-
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	-
	-
	-99
	-96
	-94.2
	-93
	FDD

	10
	-
	-
	-100
	-97
	-95.2
	-94
	FDD

	11
	-
	-
	-100
	-97
	
	
	FDD

	12
	-102.2
	-99.2
	-97
	-92
	
	
	FDD

	13
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	-
	-
	-100
	 -97
	-93 
	-
	FDD

	19
	-
	-
	-100
	 -97
	-93 
	-
	FDD

	20
	
	
	-97
	-94
	-89
	-74
	

	21
	
	
	-100
	-97
	-95.2
	
	

	…
	
	
	
	
	
	
	

	33
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	34
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	38
	-
	-
	-100
	-97
	
	
	TDD

	39
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	40
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	Note 1:
The transmitter shall be set to maximum output power level (Table 7.3.1-2)
Note 2:
Reference measurement channel is A.3.2
Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level of Band 3 + 0.5 dB is applicable for band 9



Table 5: Proposed changes of the uplink allocation
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	-
	-
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	-
	-
	FDD

	6
	-
	-
	25 
	251
	-
	-
	FDD

	7
	-
	-
	25 
	50 
	751
	751
	FDD

	8
	6 
	15
	25 
	251
	-
	-
	FDD

	9
	-
	-
	25 
	50 
	501
	501
	FDD

	10
	-
	-
	25 
	50 
	75 
	100 
	FDD

	11
	-
	-
	25 
	251
	251
	251
	FDD

	12
	6
	15
	151
	151
	
	
	FDD

	13
	6
	15
	151
	151
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	6
	15
	151
	151
	
	
	FDD

	18
	-
	-
	25 
	251
	251
	-
	FDD

	19
	-
	-
	25 
	251
	251
	-
	FDD

	20
	
	
	25
	25
	251
	251
	FDD

	21
	
	
	25
	251
	251
	
	

	…
	
	
	
	
	
	
	

	33
	-
	-
	25 
	50 
	75 
	100 
	TDD

	34
	-
	-
	25 
	50 
	75
	-
	TDD

	35
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	36
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	37
	-
	-
	25 
	50 
	75 
	100 
	TDD

	38
	-
	-
	25 
	50 
	-
	-
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	
	50 
	75 
	100 
	TDD

	Note 1:       The number of UL  resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. The 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 5.6-1). For Band 20, the location(s) of the UL resource blocks is for further study. 

Note 2:
For the UE which supports both Band 11 and Band 21 the minimum uplink configuration for reference sensitivity is FFS.



Table 6: Maximum Sensitivity Degradation

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dB)
	3 MHz
(dB)
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	Duplex Mode

	1
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	2
	n/a
	n/a
	n/a
	n/a
	5.0
	7.0
	FDD

	3
	n/a
	n/a
	n/a
	n/a
	1.0
	5.0
	FDD

	4
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	FDD

	5
	n/a
	n/a
	n/a
	7.5
	
	
	FDD

	6
	
	
	n/a
	7.5
	
	
	FDD

	7
	
	
	n/a
	n/a
	n/a 
	1.0
	FDD

	8
	n/a
	n/a
	n/a
	7.5
	
	
	FDD

	9
	
	
	n/a
	n/a
	1.0
	6.0
	FDD

	10
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	11
	
	
	n/a
	9.5
	
	
	FDD

	12
	
	
	2.5
	14.0
	
	
	FDD

	13
	
	
	1.0
	11.0
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	17
	
	
	1.0
	11.0
	
	
	FDD

	18
	
	
	n/a
	9.0
	14.0
	
	

	19
	
	
	n/a
	9.0
	14.0
	
	

	20
	
	
	n/a
	8.5
	13.0
	7.5
	

	21
	
	
	n/a
	9.5
	16.0
	
	

	Note:


        1.      The transmitter shall be set to PUMAX as defined in clause 6.2.5 with MPR applied and with the maximum transmission configuration (Table 5.5-1) allocated 



4 The uplink RMC

The choice of the uplink reference signals has an impact of the results. We assume that the front-end architecture is comprised of two TX/RX chains, and that 

· the two transmitter signals are correlated: an uplink TX diversity signal can be used for UE supporting two uplink antennas.
In particular, the transmitter signals are assumed to be fully correlated. Then the requirements (Table 4) resulting from this worst case will also cover the case in which an RX only receive-diversity port is used, where
· the only transmitter signal is coupled to the diversity port so that the self-interference on the two ports (weaker on the diversity port) is correlated.

Hence the proposed requirements will be relevant using a TX diversity signal for a UE supporting two TX ports as well as the existing RMC for one TX port.
5 A draft CR
The proposed changes to Rel-8 and Rel-9 are shown in the draft CR attached.
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