TSG-RAN Working Group 4 (Radio) meeting #55 
 R4-101897
Montreal, Canada, 10 – 14 May 2010


Source:
Ericsson, ST-Ericsson,
Title:
Updated reference sensitivity requirements for some bands and removal of MSD
Agenda item:
5.2.1
Document for:
Discussion
1 Introduction
This contribution we 

· revisit the reference sensitivity requirements for the Japanese bands 18 and 19 in the 850 MHz range, and Bands 11, and 21 in the 1500 MHz range due to transmitter noise

· propose a slightly larger margin (0.5 dB) for the 1.4 MHz bandwidths to account for worst-case IIP2 performance across a batch of DUT

· propose to remove MSD that is not yet specified for Rel-8 and not strictly needed to verify the receiver noise factor
However, the MSD might turn out to be useful concept for carrier aggregation in Rel-10. 
For calculating the reference sensitivity, the starting point assumed is always a MRC receiver. For comparison we first recall at the case in which the transmitter noise is not dominating, that is
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, noise contributions on the diversity branches are uncorrelated 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 [1]). Included is also an additional margin for ‘excessive’ transmitter noise  = 0.5 dB applicable for most operating band and bandwidth combinations. (2.1) yields
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with SNRj = SNR – 3 = -2.0 dB the required SNR per antenna port. The parameter , first introduced in [2], is admittedly somewhat awkward for the noise factor should include all transmitter noise. For the cases considered next the transmitter noise is significant and correlation is assumed whence other methods must be used. 

We continue by discussing the assumed transmitter configuration that has an impact on the transmitter noise. If the architecture is properly accounted for, the current sensitivity requirements can be reused for configurations with two antenna ports in Rel-10. 
2 The transmitter configuration and transmitter noise
The notation and the data are according to [3] and [4] if not otherwise stated. All noise contributions are referred to the antenna input.
The reference sensitivity requirements should be applicable to any transceiver architecture with two antenna ports. We consider two architectures: two TX/RX branches and a configuration with an RX-only diversity port. For many bands and bandwidth configurations, the difference in performance between these is not large for the PA output power must be twice as high for the latter to produce the requisite output power at the antenna.
2.1 Two TX/RX branches 

First we consider a transceiver architecture where the same uplink signal applied at both TX/RX ports, which would correspond to a precoder
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We thus assume full correlation between the transmitter signals, the SNR is

(2.2)
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which yields
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. If generally applied, this case could also represent a scenario with two uplink signals used for uplink MIMO; when the transmitter noise is not dominating, (2.1) follows.
The assumption of full correlation is a worst case and it is perhaps more relevant to assume uplink signals of ‘transmit diversity type’. These signals would be (almost) uncorrelated, whence the SNR is
(2.3)
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to the first order, neglecting mutual coupling between branches. We get 
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2.2 One main TX/RX branch and one RX-only diversity port
The standard expression for MRC 

(2.4)
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can be used if the following is fulfilled
(2.5)
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However, we do not really need to be as restrictive as (2.9) for (2.10) to be sufficiently accurate. 
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] 

(2.6)

[image: image12.wmf]t

c

n

s

SNR

V

V

2

2

+

»

.

These results can also be applied to UE antenna selection.
2.3 What to use?

The sensitivity requirement should apply to any architecture. Comparing (2.3) for transmit diversity with (2.4), the latter will at least yield a better sensitivity if the condition for its applicability (2.5) is met. The criterion is strict, and (2.4) will be sufficiently accurate as long as the transmitter noise does not exceed the remaining noise contributions. This also accounts for the fact that the PA output power can be set 3 dB lower for the transmit diversity case. 

When the transmitter noise is dominating both and the main and the diversity port, (2.6) is applicable but this expression is quite conservative in practice (it is relevant for Band 20 and 20 MHz bandwidth for example). 
For the bands considered here we use (2.3) assuming that reference sensitivity will no be tested with identical uplink signals in the case of transmit diversity. 
3 The proposed changes to REFSENS

First we list the ACLRRX values for various allocations (Table 1) 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.


3.1 Band 18 and Band 19

The current 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 both 10 and 15 MHz, a duplex isolation at RX of 45 dB and remaining data according to [3] we obtain
10 MHz bandwidth
PREFSENS = -95 dBm using (2.2) with fully correlated uplink signals,
PREFSENS = -96 dBm using (2.3),

which is also achieved using the diversity-only architecture and (2.4) assuming a 3 dB higher PA output power. 
Hence Band 1 performance is not met for the 10 MHz bandwidth. This is exacerbated for the 
15 MHz bandwidth
PREFSENS = -91 dBm using (2.2) with fully correlated uplink signals,

PREFSENS = -93 dBm using (2.3).
The expression (2.4) for standard MRC is not applicable since 
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 assuming a 3 dB higher PA output power. The relevant expression for high transmitter noise (2.6) gives PREFSENS = -92 dBm, but this estimate is conservative since the transmitter noise is not dominant at the diversity port. 

For any architecture, the results indicate a 1 dB degradation for the 10 MHz bandwidth (-93 dBm) compared to Band 6 performance, and ‘scaled Band 5’ performance (-93 dBm) for the 15 MHz bandwidth. Taking the Band 6 performance as a baseline, the same as Band 1,  and adding 1.0 dB we obtain PREFSENS = -99 dBm for the 5 MHz bandwidth.
Comparing to other bands we note that the duplex spacing is 45 MHz, slightly larger than the 41 MHz of Band 20. For Band 20 the proposed sensitivity requirement for the 15 MHz channel for Band 20 is -91 dBm [5] using Fmax = 12 dB and a modified uplink allocation to avoid excessive transmitter noise; 20 RB shifted 11 RB(s). For the 5 and 10 MHz bandwidth the corrected sensitivities would still exceed Band 5 performance.
We propose to correct the reference sensitivity to 
· PREFSENS = -99 dBm for 5 MHz, PREFSENS = -96 dBm for 10 MHz and PREFSENS = -93.2 dBm for 15 MHz.
3.2 Bands 11 and 21 
In TR 36.821 [6], 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. 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 given that the duplex spacing is similar to Band 5. 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, the ratio between the duplex spacing and the carrier frequency is reduced 50% compared to Bands 18 and 19 which amounts to a slightly higher insertion loss of the RX duplexer. Hence, using the same baseline as for Band 18 and 19, a 45 dB duplex isolation at RX, we propose the same sensitivity requirements as for Band 18 and 19,

· PREFSENS = -99 dBm for 5 MHz, PREFSENS = -96 dBm for 10 MHz and PREFSENS = -93.2 dBm for 15 MHz.
These requirements are still tighter or identical than those of the obsolete Band 11. They are also in accordance with the reference sensitivity for the 1500 MHz band in Japan as specified by the Telecommunication Council of Japan. These requirements are not mandatory, but operators are highly recommended to fulfil the requirements when operating within the frequency range 1427.9-1462.9/1475.9-1510.9 MHz:
Table 2: REFSENS by the Telecommunication Council of Japan
	Channel BW
	REFSENS [dBm]

	5
	-97.3

	10
	-94.3

	15
	-92.5


4 IIP2 for 1.4 MHz
Next we revisit the sensitivity for the 1.4 MHz and the impact of IIP2, i.e. self-mixing and impact of the 2nd order non-linearity. Comprehensive expositions of the IIP2 impact can be found in [7] and [8]. In [7] it was proposed that the Band 2 and 4 reference sensitivity is corrected by +1 dB assuming an IIP2 = 55 dBm. The sensitivity requirements for the 1.4 MHz bandwidth were subsequently corrected by +1 dB for all relevant operating bands. The IIP2 assumed is reasonable: higher values are certainly measured but one also needs to account for significant variations in a batch of UE(s) under test. The latter asks for a further correction, albeit minor, in order to avoid increasing the power consumption.
Just as pointed out in [7], Band 2 and Band 4 pose the most stringent requirements. To account for batch variations we propose to make a further +0.5 dB correction of the sensitivity for these bands. A similar change is proposed for Band 3 accounting for its challenging duplexer arrangement.
Band 5 and Band 8 has similar sensitivity requirements as Band 2 but smaller insertion loss in the receiver front-end (has a direct effect on the transmitter power at the receiver input and the 2nd order product). The correction already made is sufficient, and the performance can be maintained for the 1.4 MHz bandwidths in these bands in which future migration from legacy technologies in diverse frequency arrangements may be relevant.

Band 12 is more challenging due to the narrow duplexer gap and the higher insertion loss implied. We therefore propose to make a further correction of +0.5 dB also for this band. To sum up, we propose to correct the reference sensitivity by
· +0.5 dB for Bands 2, 3, 4 and 12. 
5 Use of MSD

Then we turn to MSD, 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). MSD is specified for band and bandwidth combinations for which the transmitter noise is excessive: the MSD gives an indication of the worst-case sensitivity performance. It serves as a complement to the reference sensitivity, the main requirement on the receiver noise factor. 

While useful for assessing worst-case performance, the MSD requirement is not yet specified for Rel-8 for any operating band. Considering UE implementations that meet the reference sensitivity requirements, the MSD should not put additional dimensioning requirements on the noise factor. In view of the Rel-8 timeframe, we therefore propose to
· remove the Rel-8 MSD requirements since not yet specified (all are TBD).

This also has an impact on the Rel-9 specification if the MSD has no counterpart in Rel-8. A MSD requirement, once specified for Rel-9, might put additional requirements on bands already introduced in the earlier release over-riding the sensitivity, the main requirement, which is the same as in the Rel-8 specifications. This may create an unclear and ambiguous specification for operating bands introduced in the earlier release. We therefore propose to remove MSD also for Rel-9.
The reference sensitivity should be dimensioning, the MSD was intended as a complement. Excessive transmitter noise necessitating limited uplink allocations will also be apparent in the sensitivity test. The combination of reference sensitivity and MSD should be specified simultaneously to ensure consistence. 
In order to indicate worst-case performance, it is proposed to include the MSD in the technical report TR 36.803. The release time frame is not critical then, since the MSD would not be normative. However, it may turn out that MSD can be useful for Rel-10 as a normative requirement: then not only as a complement.
6 Proposal

We propose that 

· the changes to the reference sensitivity are specified as shown in Table 3; CR(s) supplied in [9-11]
· the MSD requirement is removed for both Rel-8 and Rel-9; CR(s) supplied in [12] and [13], respectively,
· MSD is included in the technical report TR 36.803 for information, hence not normative.

Table 3: 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
	-102.7
	-100.2
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-99.2
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-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
	-
	-
	-99
	-96
	
	
	FDD

	12
	-101.7
	-99.2
	-97
	-94
	
	
	FDD

	13
	-
	-
	-97
	-94
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-
	-
	-97
	-94
	
	
	FDD

	18
	-
	-
	-99
	 -96
	-93.2 
	-
	FDD

	19
	-
	-
	-99
	 -96
	-93.2 
	-
	FDD

	20
	
	
	
	
	
	
	

	21
	
	
	-99
	-96
	-93.2
	
	

	…
	
	
	
	
	
	
	

	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
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