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1 Introduction
This contribution is a continuation of the discussion of the changes to the REFSENS and corresponding MSD requirements in [1]. Here we propose some additional changes and make minor corrections to the calculation method. The proposed changes are captured in a Rel-8 CR in [2] with Band 14 added and the corresponding Rel-9 CR in [3] including the new Band 11 and Bands 18-21. Note that the values given for Band 20 are tentative. 
We continue by discussing the assumed transmitter configuration that has an impact on the results.

2 The transmitter configuration and impact on sensitivity

The uplink transmitter configuration and the transceiver architecture have an impact on the sensitivity requirement. For Rel-8 and Rel-9 we have assumed two UE antenna ports, and the following possible transmitter configurations
1. two TX/RX branches with the same uplink signal applied at both ports, which would correspond to a precoder
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2. one main TX/RX branch and one RX-only diversity port

3. UE antenna selection: this is almost the same case as Item 2 from a sensitivity viewpoint.
The sensitivity requirement should apply for any transceiver architecture: Item 1 represents the worst case and is therefore used in [1]. 
Next we take a further look at the proposed changes in [1] and give some more details on the calculations and some minor modifications; the notation follows [1] unless otherwise stated. The sensitivity results are derived by referring the noise sources to the antenna input to make the calculations generic. For the MSD we assume that the excessive transmitter noise is the limiting factor when MSD is calculated (the reason for introducing this concept), e.g. IIP2 effects are smaller.
The starting point assumed is always a MRC receiver and the case the transmitter noise is not dominating, that is
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, for which the combined SNR is

(2.1)
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The sensitivity is the signal level s for which the SNR after combining is 1.0 dB (including a 2.0 dB implementation margin, see [4]). We also include an additional margin for ‘excessive’ transmitter noise  = 0.5 dB, which was first introduced in [5]. This parameter is admittedly somewhat awkward for the noise factor should include all transmitter noise, but we retain it nevertheless to be used for deciding whether or not desensitization occurs. (2.1) yields
(2.2)
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with SNRj = SNR – 3 = -2.0 dB the required SNR per antenna port (or SNRj + 10 log= -1.5 dB if referred to
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alone). 
For a transceiver configuration according to Item 1 we have (using g1 = g2 in [6] and neglecting mutual coupling between the transmitters)
(2.3)
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If 
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 then the transmitter noise is dominating at both ports (no MRC gain), then

(2.4)
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with SNR = 1.0 dB and choosing an 
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 0.5 dB following [1]. The MSD is the relation ratio of the required signal level at full uplink allocation to that required at the requisite allocation for the sensitivity test, in the above case using (2.3)
(2.5)
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where Vtf  is the transmitter noise at full uplink allocation and again with  > 0.5 dB. If 
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 at the requisite uplink allocation for the sensitivity test, on the other hand, then (2.1) is used for the sensitivity and we pick  = 0.5 dB whence
(2.6)
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a slight modification of the expression used in [1] (but a negligible impact on the result). We could of course have written 

(2.7)
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immediately without using , but this would be slightly cumbersome since all the current reference sensitivity requirements for which the transmitter noise is not excessive are based on (2.2) with  = 0.5 dB. 

Before proceeding to the proposed changes to REFSENS, we consider the relevant expressions for the transceiver architecture in Item 2 above useful for comparison. If 
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 with c the complex amplitude of the coupling between the branches, then the transmitter noise is dominating at both branches and from [6] 
(2.8)

[image: image15.wmf]t

c

n

s

SNR

V

V

2

2

+

»

. 
But if the criteria for the standard MRC expressions is fulfilled, 

(2.9)
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then 

(2.10)
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However, we do not really need to be as restrictive as (2.9) for (2.10) to be sufficiently accurate.
3 The proposed changes to REFSENS

Next we take a further look at the proposed changes in [1] and start with Bands 18 and 19. 
3.1 Band 18 and Band 19

It turns out that the estimates in [1] are slightly optimistic for these. The current REFSENS requirements are based on (2.1) with  = 0.5 dB and a noise factor Fmax = 9 dB, that is, Band 1 performance. If we assume an uplink allocation of 25 PRB for the 15 MHz bandwidth, data according to [1] and transmitter architecture according to
1. Item 1 above, then the requisite 

(3.1)
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which means that
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2. Item 2 above and further assuming the conditions for (2.8), then with a 3 dB higher PA output power to meet the maximum output power requirement,
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with a 10 dB attenuation between the branches in this conductive test.

If the TX-RX duplexer attenuation at RX is assumed to be 50 dB instead of 45 dB, then the REFSENS for 15 MHz is improved by 2.0 dB. Turning to the 10 MHz bandwidth, the ACLRRX will be the same as for Band 5 (80 dBc), then  = 2.3 dB, and the resulting REFSENS is then
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which is Band 5 performance. 
In deriving these results we have assumed a blend of minimum requirements and typical performance: the transmitter just satisfies the minimum performance requirements for LO and image rejection, whereas the counter-IM3 is -60 dBc and the duplexer TX-RX isolation is better than the minimum value over the temperature range. 

For Band 18 and 19 we propose to revert to the Band 5 performance for 5 and 10 MHz, and a slightly lower sensitivity for 15 MHz considering the small TX-RX spacing. Modifying the uplink allocation makes little sense as we shall see next.
3.2 Bands 11 and 21

In TR 36.821 [7], it is proposed that the E-UTRA reference sensitivity for Bands 11 and 21 should be based on Band 1 performance (noise factor Fmax = 9 dB). This is based on an extensive measurement campaign using UTRA prototypes, thus with a 5 MHz bandwidth. The original now obsolete Band 11 with frequency range 1427.9-1452.9/1475.9-1510 MHz had Band 2 performance, which corresponds to a +2 dB difference compared to Band 1.     

Bands 11 and 21 have similar duplex spacing as Band 18 and 19: 3 MHz larger amounting to 48 MHz. However, for the 15 MHz E-UTRA bandwidth the TX-RX spacing is 10 MHz smaller than for UTRA, which has a significant impact on the transmitter noise. The ACLRRX values for various allocations are shown in Table 1 again assuming a transmitter that just meets the minimum requirements for image and LO leakage (-25 dBc). 
Table 1 ACLRRX (dBc) for various UL allocations
	E-UTRA Band
	10 MHz
	15 MHz

	11,21
	89 (10 RB)1
89 (15 RB)

81 (25 RB)
	75 (10 RB)1
74 (15 RB)1
77 (20 RB)

75 (25 RB)

	18,19
	80 (25 RB)
	75 (20 RB)

74 (25 RB)

	Note 1: MPR = 0 dB.


For the 10 MHz bandwidth we obtain the following results assuming a noise factor Fmax = 9 dB and a TX-RX duplexer isolation of 45 dB,
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and the corresponding results for the 15 MHz bandwidth


[image: image23.wmf]î

í

ì

=

-

=

-

=

+

-

@

dB

3

.

4

,

RB

25

dBm

5

.

91

dB

6

.

5

,

RB

15

dBm

90

V

log

10

3

10

a

a

a

n

SNR

P

REFSENS


In order to achieve Band 1 performance, that is, a margin for ‘excessive’ transmitter noise  < 0.5 dB with Fmax = 9 dB, for the 10 MHz bandwidth the uplink allocation could be reduced to 15 PRB. However, this trick would not work for the 15 MHz bandwidth: we note just a slight variation of the ACLRRX as a function of the PRB due to the small TX-RX spacing, the behaviour is similar to that exhibited for Band 20 for the 15 and 20 MHz bandwidths [8].
Retaining a 25 RB uplink allocation, the sensitivity for the 15 MHz bandwidth should be around -90 dBm since the requirement must be fulfilled for any smaller allocation. If a 3-5 dB higher TX-RX isolation could be assumed for Band 11/21 duplexers, then the REFSENS could possibly be set to -92.5 dBm in accordance with the recommendation of Telecommunication Council of Japan [7] for the obsolete Band 11.
For Band 11 and 21 we propose to revert to the performance of the obsolete Band 11 for the 5 and 10 MHz channels given the results above, and a tentative -91 dBm for the 15 MHz channel anticipating slightly better performance when actual data for Band 11/21 duplexers become available.  
3.3 Bands 12 and 14
Band 14 has the same duplexer arrangement as Band 13 and we propose the same requirements. The band 12 duplexer is assumed to have a lower TX-RX isolation due to a wider pass-band so a slightly lower REFSENS is assumed for the 10 MHz channel. For Bands 12, 13, 14 and 17 we propose a reduction to a 15 PRB uplink allocation for the sensitivity test just as in [8], but the REFSENS requirement for 10 MHz bandwidth is still on the verge.
3.4 Band 20
For the 15 and 20 MHz bandwidths, the receive band is just outside and within the out-of-band region of the transmitter, respectively. The transmitter noise is completely dominating and for the 20 MHz channel we obtain
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with  = 17.5 dB from (3.1) assuming a transceiver configuration according to Item 1 (two TX/RX branches). When the transmitter noise reaches these levels, that is,
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, the diversity architecture of Item 2 will provide better sensitivity even if the (single) PA must supply a 3 dB higher output power (before the TX duplexer):


[image: image26.wmf]80

)

V

(V

log

10

2

10

-

=

+

+

@

t

c

n

SNR

P

REFSENS

 dBm. 
assuming a 10 dB coupling loss between the TX/RX and the RX-only branch.

For the 15 MHz bandwidth we still have 
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 but now  is reduced to 5 dB:
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with two TX/RX branches (Item 1) and
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with an RX-only diversity port (Item 2): the difference between these two architectures is now smaller. This is also the case for the other combinations of bands and bandwidths discussed herein. Admittedly, the latter result based on (2.8) is somewhat pessimistic since 
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but used as a conservative estimate since (2.9) is not met. 

The proposed changes are shown in Table 1: all results are based on the transceiver architecture according to Item 1 above, the worst case.

Table 1: 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
	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
	-
	-
	-98
	-95
	
	
	FDD

	12
	-102.2
	-99.2
	-97
	-92
	
	
	FDD

	13
	-
	-
	-97
	-94
	
	
	FDD

	14
	
	
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-
	-
	-97
	-94
	
	
	FDD

	18
	-
	-
	-98
	 -95
	-91 
	-
	FDD

	19
	-
	-
	-98
	 -95
	-91 
	-
	FDD

	20
	
	
	-97
	-94
	-87
	-74
	

	21
	
	
	-98
	-95
	-[91]
	
	

	…
	
	
	
	
	
	
	

	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



4 Proposed MSD Requirements
The proposed requirements for MSD are shown in Table 2; the results from [1] are slightly modified.
Table 2: 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
	3.5
	6.0
	FDD

	3
	n/a
	n/a
	n/a
	n/a
	2.0
	5.0
	FDD

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

	5
	n/a
	n/a
	n/a
	7.0
	
	
	FDD

	6
	
	
	n/a
	8.5
	
	
	FDD

	7
	
	
	n/a
	n/a
	n/a
	2.0
	FDD

	8
	n/a
	n/a
	n/a
	7.0
	
	
	FDD

	9
	
	
	n/a
	n/a
	2.0
	5.0
	FDD

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

	11
	
	
	n/a
	7.0
	
	
	FDD

	12
	
	
	4.0
	13.5
	
	
	FDD

	13
	
	
	2.0
	11.0
	
	
	FDD

	14
	
	
	2.0
	11.0
	
	
	FDD

	17
	
	
	2.0
	11.0
	
	
	FDD

	18
	
	
	n/a
	6.5
	12.0
	
	FDD

	19
	
	
	n/a
	6.5
	12.0
	
	FDD

	20
	
	
	n/a
	7.5
	11.0
	7.5
	FDD

	21
	
	
	n/a
	7.0
	[12.0]
	
	FDD

	Note:


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



5 Proposal

We propose that 

· the changes to the reference sensitivity and MSD requirements are specified as shown in Tables 1 and 2, respectively

· the uplink allocations for the reference sensitivity are specified as in [1].
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