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1
Introduction
This contribution contains a text proposal on the applicability of the REFSENS and ACS requirements for UE supporting uplink MIMO. It is possibly to verify the noise factor and the selectivity without changing the requirements, but it requires that the test configuration is set to multi-antenna mode and two independent signals are transmitted on the antenna port as discussed at RAN4 AH#4 and captured in [1].  

For the initial Rel-10 specifications for RAN#50 and the ITU-R submission we focus on 2 TX antennas and operating in one UL CC and limit consideration to the ACS and REFSENS requirements. To meet the purpose of these tests it turns out it is sufficient to carry out the test using in one way to cover both multi-antenna operation and fall-back to single-antenna operation, while keeping the Rel-8 requirements. This would also ensure that a Rel-10 UE behaves as a legacy UE when entering a Rel-8 cell.

We propose specification test for both the cases in which UL MIMO is used 

· as a standalone feature on one CC

· together with carrier aggregation (but only with one UL CC active)

and limit the requirements for operating bands > 1 GHz initially.

4 antenna ports can be done later: the Rel-8 requirements cannot be reused then. 
2
Reference sensitivity with UL MIMO
First we recall that the purpose of the reference sensitivity test is to verify the receiver noise factor and consider the   Rel-8 reference sensitivity requirements. The latter should be met with either a 
1. diversity-type receiver with one RX-only branch, the most common, or
2. a dual-TX/RX architecture with uncorrelated signals on the two ports (at least) and the same total output power.
The second alternative was motivated by an early discussion on the possibility to use two PA(s) for uplink transmit-diversity schemes for Rel-8 or later releases.
In [2] (based on [3]), expressions for SNR and corresponding REFSENS are given for the two architectures assuming the relevant MRC reference receiver. The combining weights used are thus the standard MRC, while recognizing that these are not optimal when the interference is correlated. For the dual-TX/RX we also assume that the leakage through each duplexer (branch) is dominant and neglect the coupling between the branches; the reference sensitivity test is conductive. 
For the dual-TX/RX with uncorrelated signals on the two branches, the combined SNR is

 (2.1)
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with the assumption that the characteristics of the two branches are identical (e.g. the same type of duplexer on both branches).  The relation to the reference sensitivity is 
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where Vt and Vn is the transmitter noise and ‘thermal’ noise, respectively. Comparing with the diversity-type receiver, the dual TX/RX and the corresponding (2.1) is normally yield the worst case, although the difference for many bands is small since the output power of the sole PA of the diversity-only architecture must be 3 dB higher to meet the MOP requirement. Nevertheless, we have thus far assumed that the Rel-8 requirements should be fulfilled for any of the two architectures, at least with uncorrelated signals. By asking that the Rel-10 UL-MIMO capable UE meets the Rel-8 requirements with uncorrelated signals, we make sure its receiver performance will be comparable to a legacy UE’s.
The problem is the case with correlated signals, for full correlation the SNR (still with the standard combining weights) is reduced to
 (2.3)
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which would also be the case for Rel-10 Transmission Mode 2 with single-layer transmission (DCI Format 4), or single-antenna transmission (DCI Format 0) using both antenna elements. The latter implementation would necessitate a change of the minimum requirements for operating band and bandwidth combinations with large transmitter noise should single-antenna mode be used to verify REFSENS. 
Transmission Mode 2 with dual-layer transmission corresponds to the dual-TX/RX architecture with uncorrelated signals and should therefore generate results that meet the Rel-8 requirements: the same as if one of the TX-braches is actually “switched off” in single-antenna mode. If the transmitter noise is different on the two branches due to e.g. output power imbalance between the branches the SNR is
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which attains its minimum for 
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under the constraint 
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with the minimum input signal s (our requirement) and the noise n fixed; the minimum corresponds to (2.1). 
Hence, for UE equipped with two antenna connectors supporting two antenna ports over one uplink CC, the receiver noise factor corresponding to legacy performance can be verified using Transmission Mode 2 with dual-layer transmission. The total output power (the sum of the average power measured on each antenna connector) should be set to PUMAX. 
Likewise, for UE(s) supporting UL MIMO in combination with carrier aggregation, the minimum requirements of the sensitivity test proposed in [4] would be applicable if 

· Transmission Mode 2 is configured with dual-layer transmission,
· only one uplink CC is active for CA Bandwidth Class C,
for the discussion above is equally applicable to the minimum input level

PREFSENS + MSDSCC
used in [4]. The total output power should be set to PUMAX – 4 dB.
For lower bandwidths for which IIP2 is important, the lower power of the PA(s) used in UL MIMO (to keep 23 dBm) will reduce the impact of the second-order linearity if remaining parameters remain the same.
3
ACS with UL MIMO

The purpose of the ACS test is to verify the receiver filtering in the presence of transmitter noise and cross-modulation generated by the transmitter signal and the interferer. The main issue is how to set the wanted signal and the interferer levels, the receiver filter selectivity for UL MIMO with one uplink CC should be according to the Rel-8 requirements.
In the Rel-8 ACS test, the wanted signal is set with an offset to the reference sensitivity. For UL MIMO, this margin to the transmitter noise and thermal noise would not be reduced if Transmission Mode 2 is configured with dual-layer transmission following the discussion above. The transmitter noise would be that generated by a dual-TX/RX architecture, and the cross-modulation product per branch would be lower than that occurring on the main branch of the diversity-type architecture (lower PA output power per branch). However, the net effect of cross-modulation on both branches could merit further study.
The adjacent interferer level is set according the applicable ACS requirement including a margin for the SNR needed for meeting the throughput requirement (95% of the maximum). The latter margin could be kept unchanged if Transmission Mode 2 is configured with dual-layer transmission is configured. Thus the receiver filter selectivity may be verified equally well using this mode, and the same offsets apply for the wanted and interferer level.
For UE(s) supporting UL MIMO in combination with carrier aggregation, the wanted signal level in the ACS test proposed in [5] is set with regard to the reference level

PREFSENS + MSDSCC.
Similarly to the above case, the minimum requirements of the ACS test proposed in [5] would be applicable if Transmission Mode 2 is configured with dual-layer transmission and only one uplink CC is active for CA Bandwidth Class C just as for the proposed sensitivity test discussed in the preceding section. The total output power, the sum of the average power measured on each antenna connector, should be set to PUMAX – 4 dB for Case 1. 

5
Proposal
We propose that the REFSENS and ACS test for UE(s) equipped with two antenna connectors supporting transmission on two antenna ports are verified using

· Transmission Mode 2 is configured with dual-layer transmission

· only one active uplink CC in case UL MIMO is combined with carrier aggregation (CA Bandwidth Classes A or C)
while keeping the minimum requirements for Rel-8. Together with the proposed test method, this means that the noise factor and filter selectivity performance for a Rel-10 UE supporting UE MIMO would correspond to that of a legacy Rel-8 UE. If single-antenna mode would be used to verify fall-back to Rel-8 operation, an implementation using both antenna elements would imply tighter requirements on the noise factor. Hence the proposed test method is relevant for both multi-antenna and fall-back to single-antenna mode.
It is proposed that the specification text below is included in Annex B of the TR 36.807: both the single-carrier case and the combination with carrier aggregation are covered. For the ACS, further investigation on the impact of cross-modulation on both branches merits investigation so square brackets are used for the ACS parts.
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TEXT PROPOSAL:

<start of text proposal for Annex B: Clause 7.3>

7.3
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.
7.3.1

Minimum requirements (QPSK) 

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	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
	-92
	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
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	[-97]
	[-94]
	TBD
	TBD
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	…
	
	
	
	
	
	
	

	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
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
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 

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


Table 7.3.1-2 specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met. 

Table 7.3.1-2: Minimum uplink configuration for reference sensitivity
	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
	
	
	FDD

	12
	6
	15
	201
	201
	
	
	FDD

	13
	
	
	201
	201
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	
	
	201
	201
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	20
	
	
	25 
	[25]1
	TBD
	TBD
	FDD

	21
	
	
	25
	251
	251
	
	FDD

	…
	
	
	
	
	
	
	

	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 
	75
	100
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	25
	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.



Unless given by Table 7.3.1-3, the minimum requirements specified in Tables 7.3.1-1 and 7.3.1-2 shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured. 

Table 7.3.1-3: Network Signalling Value for reference sensitivity
	E-UTRA Band
	Network Signalling value

	2
	NS_03 

	4
	NS_03

	10
	NS_03

	12
	NS_06

	13
	NS_06

	14
	NS_06

	17
	NS_06

	21
	NS_[09]

	35
	NS_03 

	36
	NS_03


7.3.1C
Minimum requirements (QPSK) for uplink MIMO

For UE(s) equipped with two antenna connectors supporting transmission on up to two antenna ports, the minimum requirements in Clause 7.3.1 for operating bands above 1 GHz shall be met with one active CC, DCI Format 4 and dual-layer transmission with Codebook Index 0 (Table 5.3.3A.2-1 in [36.211v10.0.0]) configured. The total transmitter power over the two antenna connectors shall be set to PUMAX.
For UE(s) supporting CA Bandwidth Class C and equipped with two antenna connectors supporting transmission on up to two antenna ports, the minimum requirements in Clause 7.3.1A shall be met with one active uplink CC, DCI Format 4 and dual-layer transmission with Codebook Index 0 (Table 5.3.3A.2-1 in [36.211v10.0.0]) configured. The total transmitter power over the two antenna connectors shall be set to PUMAX – 4 dB.
7.3.2

Requirement for large transmission configurations 

<end of text proposal for Annex B: Clause 7.3>

<start of text proposal for Annex B: Clause 7.5>

7.5
Adjacent Channel Selectivity (ACS)

7.5.1
Minimum requirements

Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive a E-UTRA signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

The UE shall fulfil the minimum requirement specified in Table 7.5.1-1 for all values of an adjacent channel interferer up to –25 dBm. However it is not possible to directly measure the ACS, instead the lower and upper range of test parameters are chosen in Table 7.5.1-2 and Table 7.5.1-3 where the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1).  
Table 7.5.1-1: Adjacent channel selectivity
	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	30
	27


Table 7.5.1-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted signal  mean power
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB*
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	BWInterferer  
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025
/

-1.4-0.0025
	3+0.0075
/

-3-0.0075
	5+0.0025
/

-5-0.0025
	7.5+0.0075
/

-7.5-0.0075
	10+0.0125
/

-10-0.0125
	12.5+0.0025
/

-12.5-0.0025

	Note:

1. The transmitter shall be set to 4dB below PUMAX at the minimum uplink configuration specified in Table 7.3.1-2
2. The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 




Table 7.5.1-3: Test parameters for Adjacent channel selectivity, Case 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Wanted signal  mean power
	dBm
	-56.5
	-56.5
	-56.5
	-56.5
	-53.5
	-50.5

	PInterferer
	dBm
	-25

	BWInterferer  
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025
/

-1.4-0.0025
	 3+0.0075
/

-3-0.0075
	5+0.0025
/

-5-0.0025
	7.5+0.0075
/

-7.5-0.0075
	10+0.0125
/

-10-0.0125
	12.5+0.0025
/

-12.5-0.0025

	Note:

1. The transmitter shall be set to 24dB below PUMAX at the minimum uplink configuration specified in Table 7.3.1-2
2. The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1




7.5.1C
Minimum requirements for uplink MIMO

For UE(s) equipped with two antenna connectors supporting transmission on up to two antenna ports, the minimum requirements in Clause 7.5.1 shall be met with one active CC, DCI Format 4 and dual-layer transmission with Codebook Index 0 (Table 5.3.3A.2-1 in [36.211v10.0.0]) configured. The total transmitter power over the two antenna connectors shall be set to PUMAX – 4 dB (Case 1).
For UE(s) supporting CA Bandwidth Class C and equipped with two antenna connectors supporting transmission on up to two antenna ports, the minimum requirements in Clause 7.5.1A shall be met with one active uplink CC, DCI Format 4 and dual-layer transmission with Codebook Index 0 (Table 5.3.3A.2-1 in [36.211v10.0.0]) configured. The total transmitter power over the two antenna connectors shall be set to PUMAX – 4 dB (Case 1).
<end of text proposal for Annex B: Clause 7.5>
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