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1 Introduction
RF requirements for UE supporting UL-MIMO have been discussed in multiple contributions, and the reference list can be found in the approved way forward in [1]. One outstanding issue is the REFSENS level for UE supporting UL-MIMO. This paper discusses the following issues regarding UE REFSENS level with multiple transmitters:
· UL-MIMO application scenarios.
· Comparisons between different transceiver configurations: Tx/Rx, Tx/Rx+Rx, and Tx/Rx+Tx/Rx
· Analysis of the REFSENS level for UE with multiple transmitters.
Rather than starting from scratch, the methodology for Rel-10 UE REFSENS level analysis is to compare the changes with Rel-8/9, especially the impact of transmitter noise on SNR.

The REFSENS level for Rel-10 UE supporting MIMO is proposed finally. Text proposal is attached for approval.
2 Discussion
2.1 UL-MIMO application scenarios
The gain of UL-MIMO is usually achieved at propagation condition with plenty of multiple paths but high SNR, and the typical scenario can be urban environment but closer to the base station. In the case, large number of resource blocks can be assigned to the UE which transmitted at relatively smaller power. As far as the UE moves away from the BS station, the SNR experienced by the UE deteriorates, and the UE has to increase the transmitted power in order to maintain the link connection. In this case, smaller number of resources blocks shall be assigned to the UE in order to utilize the wireless resources efficiently. Depending on the channel characteristics, the transmission mode (such as rank of MIMO coding) could vary. In propagation condition without plenty of multiple paths, or with low SNR, the transmission mode could be reduced to single antenna port mode or layer 1 MIMO.
Concerning the REFSENS level, the test configurations for Rel-8/9 UE with one transmitter are still valid for UE with multiple transmitters. The question we shall answer is how much the REFSENS level shall be if each of the transmitters is configured the same as Rel-8/9. We will try to figure this out in the rest of this paper.
2.2 Comparisons between different transceiver configurations: Tx/Rx, Tx/Rx+Rx, and Tx/Rx+Tx/Rx

The follows terms are introduced to denote different transceiver structure:
· Tx/Rx: the tradition structure with one transmitter and one receiver.

· Tx/Rx+Rx: one transmitter but with two receivers (typical Rel-8/9 UE structure).
· Tx/Rx+Tx/Rx: two transmitters and two receivers (typical Rel-10 UE supporting UL-MIMO or CA)
Figure 1 is the UE front end structure with two sets of transceivers and some notations are defined below. Please note that all the signals and noise are expressed as voltage amplitude on nominal load impedance. Therefore, the voltage has to be scaled by 
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 if the total power is reduced by 3dB or split over two branches.
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: The reference measurement channel presented at the antenna port for Tx/Rx.
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: The receive thermal noise at ambient temperature for Tx/Rx.
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: The transmitter noise at receiver for Tx/Rx with maximum configured Tx power. 
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: The noise from transmitter #1 at receiver #1 for Tx/Rx+Rx or Tx/Rx+Tx/Rx with max configured Tx power.
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: The noise from transmitter #2 at receiver #2 for Tx/Rx+Rx or Tx/Rx+Tx/Rx with max configured Tx power.
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: The thermal noise at receiver #1 at ambient temperature for Tx/Rx+Rx or Tx/Rx+Tx/Rx.
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: The thermal noise at receiver #2 at ambient temperature for Tx/Rx+Rx or Tx/Rx+Tx/Rx.
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: The coupling loss between two antenna ports.
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Figure 1 UE front end with two transmitters and two receivers
The following assumption (will be discussed later) is made:
· With transmitter power reduced by 3dB at each transmitter, the transmitter noise at receiver shall also be reduced by 3dB. 
With the assumption above, the total Tx noise at each receiver for Tx/Rx+ Tx/Rx structure can be easily calculated as

Receiver #1: 
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; Receiver #2: 
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The reference signal for throughput measurement, together with thermal noise and transmitter noise can be summarized below:

	
	Receiver Branch #1
	Receiver Branch #1

	
	Signal for Throughput test
	Thermal Noise
	Tx Noise
	Signal for Throughput test
	Thermal Noise
	Tx Noise

	Tx/Rx
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	N/A
	N/A
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	Tx/Rx +Rx:
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	Tx/Rx+ Tx/Rx 
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Note: 
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 here is to address the 3dB power reduction per each branch/antenna port.
The signals from two receiver branches are combined at the receiver. If ideal MRC receiver is assumed, the maximum SNR can be obtained. Rather than calculating the SNR output from the MRC receiver using fascinating equations, here we analyze the impact of Tx noise on SNR using plain qualitative comparisons. Comparing Tx/Rx+Rx with Tx/Rx, it’s clear that the following factors would deteriorate the SNR:
· The transmitter noise is increased by 
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· The correlation between the Tx noise(s) at two branches, 
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· The correlation between the transmitter noise(s) at two branches compromises the MRC performance which usually delivers maximum SNR with uncorrelated noise at each branch.
The drawbacks listed above can be covered by implementation margin. What we shall do for Rel-10 UE supporting MIMO is to compare Tx/Rx+Tx/Rx with Tx/Rx+Rx, while the Tx/Rx+Rx structure represents the scenarios for Rel-8/9 that have covered by existing specification. To complete the comparison, we make further assumptions:

· 
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), or the transmitter noise level is equal. 
With the assumptions above, it’s clear that the overall Tx noise level in Tx/Rx+Tx/Rx and Tx/Rx+Rx are the same which basically means that Rel-10 UE supporting 2 layer MIMO would have the same REFSENS level as Rel-8/9 UE with one transmitter and two receivers. 
Var{
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Please note the correlation between the Tx noise(s) at the two branches is also the same. By the way, the duplex specs and was not explicitly in the calculation above because the methodology is to compare with Rel-8/9. However, the following specs can be assumed if detailed quantification is further interested:

· Coupling loss between antenna ports: 8dB typical

· Both Tx/Rx insertion loss: 3dB

· Tx filter reject at Rx band: 45dB

2.3 Analysis of the REFSENS level for UE with multiple transmitters

To reuse the Rel-8 REFSENS for Rel-10 UE supporting two-layer MIMO, we made the following assumptions in Section 2.2:
1. With transmitter power reduced by 3dB at each transmitter, the transmitter noise at receiver shall also be reduced by 3dB. 
2. Var(
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3. 
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 are uncorrelated, or the two transmitter is uncorrelated. 
According to the agreed the way forward in [1], the unwanted emission level shall be specified per UE and should be the same as Rel-8/9. With this transmitter performance specified to meet regulatory and coexistence requirements, assumption 1 shall be taken as working conditions for REFSENS level analysis. Any deviation shall be addressed by the implementation margin.
Validation of assumption 2 depends on the front end balance of the two transceivers, and the consistence of the two duplex filters as well as the PA(s) of each transmitter play the major role. In normal circumstances, they shall be the same, and again any deviation shall be addressed by the implementation margin.

Assumption 3 is NOT always true in real network. 
In case of rank 2 MIMO coding, the correlation between the two transmitters is low and it can be assumed to be zero. However, the two transmitters deliver the identical signals in SAPM mode or rank 1 coding. In this case, the correlation level between the transmitter noise(s) is 
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, which means there is additional noise scaled by the antenna coupling loss, and there is at least 3dB increase in transmitter noise than single transmitter. 
Var{
[image: image47.wmf](

)

2

1

2

2

Tx

Tx

N

L

N

×

+

+
[image: image48.wmf](

)

1

2

2

2

Tx

Tx

N

L

N

×

+

}=2*Var{
[image: image49.wmf](

)

L

N

Tx

+

1

}

Assuming the Tx noise in single transmitter structure is -183dBm/Hz, more than 3 dB increase would roughly result in 1 dB de-sense if the thermal noise floor is -174dBm/Hz. 
Giving the REFSENS level is used to test the noise figure of the receivers, the un-correlated two-layer transmission would be sufficient to fulfil this purpose. This can be done by 2-layer UL-MIMO at transmitter using code word 
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and two independent streams.  
With the analysis above, we tend to propose reusing the Rel-8/9 REFSENS level for Rel-10 UE supporting 2-layer MIMO. By doing this the following factors have to be covered by implementation margin:
· Balance of the Tx noise at each of receivers. Any balance difference will result in residual Tx noise. 

· Uncorrelated transmission at the two transmitters. Any correlation will result in in-phase combination of the Tx noises.

· SNR loss in the MRC receiver due to the Tx noise correlation.

If additional implementation margin is required to address the additional UE complexity introduced by 2 transmitters, slightly relaxation could also be considered based on the consensus of the work group. Alternatively, these factors could also be addressed by relaxation of test tolerance. 
3 Conclusion
Below is the proposal for Rel-10 UE supporting UL-MIMO

· 2-layer UL MIMO only.

· Only 1 carrier.

· Use 2-layer UL-MIMO transmission using codebook 
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 and DCI format 4.
· Reuse Rel-8/9 REFSENS level and the same test configurations.
· The same UE output power Pumax, which is the total transmitter power over two antenna ports

· With Pumax-3dB at each antenna port as the default configuration.
· Turn on both transmitters.

· UL as closer as possible to DL.

· Reuse table 7.3.1-1 and table 7.3.1-2 in 36.101

Additional relaxation could be considered to ensure enough room for implementation margin.

Text proposal will be prepared based on the agreement.
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7.1
General

Unless otherwise stated the receiver characteristics are specified at the antenna connector(s) of the UE. For UE(s) with an integral antenna only, a reference antenna(s) with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna(s) may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna. . For UEs with more than one receiver antenna connector, identical interfering signals shall be applied to each receiver antenna port if more than one of these is used (diversity). 

The levels of the test signal applied to each of the antenna connectors shall be as defined in the respective sections below. 
With the exception of Clause 7.3, the requirements shall be verified with the network signalling value NS_01 configured (Table 6.2.4-1). 
All the parameters in clause 7 are defined using the UL reference measurement channels specified in Annexes A.2.2 and A.2.3, the DL reference measurement channels specified in Annex A.3.2 and using the set-up specified in Annex C.3.1 
For UE(s) with two antenna connectors supporting dual-layer UL MIMO transmission, DCI format 4 and codebook 
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 shall be used. PUMAX as defined in clause 6.2.5 is the total transmitter power over the two antenna connectors.
7.2
Diversity characteristics

The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline.  These requirements apply to all UE categories unless stated otherwise. Requirements for 4 ports are FFS. With the exception of clause 7.9 all requirements shall be verified by using both (all) antenna ports simultaneously.
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
	
	-99.2
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	 20
	
	
	-97
	-94
	-[89]
	-91
	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
	
	15
	151
	151
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	
	
	201
	201
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	20
	
	
	25 
	251
	[251]
	251
	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). 
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

	19
	NS_08

	20
	NS_10

	21
	NS_09

	35
	NS_03 

	36
	NS_03


Note 1: Red line is the new Tx noise leakage path due to MIMO


Note 2: Signals and noise are expressed as voltage amplitude on nominal load impedance


Note 3: Yellow blocks are added components comparing with Tx/Rx+Rx














Rx 1 signal: � EMBED Equation.3  ���


Tx noise: � EMBED Equation.3  ���, if MIMO


Tx noise: � EMBED Equation.3  ���, if no MIMO


Thermal: � EMBED Equation.3  ���
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Rx 2 signal: � EMBED Equation.3  ���


Tx noise: � EMBED Equation.3  ���, if MIMO


Tx noise: � EMBED Equation.3  ���, if no MIMO


Thermal: � EMBED Equation.3  ���








Pumax-3 dB, if MIMO


� EMBED Equation.3  ���





Pumax-3 dB, if MIMO
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Coupling loss� EMBED Equation.3  ���: 8 dB
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