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1 Introduction

UL-MIMO up to 4 layers is introduced in LTE REL-10 to achieve the ITU-R requirements on peak data rate and peak spectrum efficiency [1].This paper discusses the UE Tx requirements to support UL-MIMO.

2 Discussion
2.1 Implementation consideration
RAN4 has discussed the PA configurations for UL-MIMO. RAN4 has the agreements that three PA configurations should be included in LTE-A [4]. They are:
Config 1: N ×23dBm PAs

Config 2: N ×(23-10lgN) dBm PAs 

Config 3: 1×23dBm + (N-1)×x dBm PAs, where x ≤ 23dBm
where N = (2 or 4) is the number of transmit antennas.

Which configuration will be used depends on UE vendors’ consideration. 

Meanwhile, to keep backward compatibility with Rel-8/Rel-9, RAN1 have defined two transmission modes [2]: Single Antenna Port Mode (SAPM) and Multiple Antenna Ports Mode (MAPM). When UE with multiple transmit antennas is in the single antenna port mode, its behaviour is same as the one with single antenna from eNodeB’s perspective. UL Single Antenna Port Mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration. There are several modes to achieve the single antenna port mode [3]:
Mode 1: Always using only one of the physical transmit antenna, which means at least one PA is 23dBm, that is, UE is configured to Config 1 or Config 3.
Mode 2: Tx antenna switching between physical antennas, which means all PA should be 23dBm, that is, UE is configured to Config 1.
Mode 3: Single-layer precoding with multiple Tx antennas, where combined transmission is the same as a single antenna UE. Any of the three configurations can support this mode.
So how is the RF performance requirements for UL-MIMO defined? Should it be defined implementation agnostic? Or should RAN4 define the RF performance for each configuration and each mode? Or should RAN4 define the baseline configuration and baseline mode, then define the RF performance for the baseline configuration and baseline mode?
 Question 1: Should the RF performance requirements for UL-MIMO be defined 1) implementation agnostic or 2) per configuration and per mode or 3) on the baseline configuration and baseline mode? 
Considering the UE PA configuration and the implementation mode of SAPM are UE implementation dependence, we prefer option 1, that is, the RF performance requirements for UL-MIMO is defined in the implementation agnostic way. 
Proposal 1: The RF performance requirements for UL-MIMO is defined in the implementation agnostic way.
2.2 Test models
Considering the varieties of PA configurations and SAPM, the test model for UL-MIMO is more complex than REL-8/REL-9. Here we give some options for UL-MIMO performance test. 
· Option 1: Use combiner combining all signals from all Tx branches and test the output of combiner.

· Pros.

i. Implementation agnostic.
ii. Less test workload. Test one turn for one UE.

iii. Can reuse the RF performance requirements of Rel-8/Rel-9 from regulation and coexistence point of side.
· Cons.

i. Combiner can introduce additional loss and distortion which needs to be calibrated.
· Option 2: Test each Tx branch while each Tx branch is under its maximum transmit power. 
· Pros.

i. Know the performance of each Tx branch.
· Cons.

i. Huge test workload. Test N turns for one UE.

ii. Need to reconsider the separate/combination RF performance requirements.
iii. Need to define the RF performance requirements for new PA class.
· Option 3: Test only one Tx branch which has the maximum transmit power. So for Config 1 and Config 2, test any of Tx branch. For Config 3, test Tx branch with 23dBm PA.
· Pros.

i. Less test workload. Only one turn test is required.

· Cons.

i. Need to reconsider the separate/combination RF performance requirements.
ii. Need to know UE implementation information.
iii. Need to define the RF performance requirements for new PA class.
· Option 4: Test only one Tx branch for each PA class, while the test Tx branch is under its maximum transmit power. For Config 1 and 2, test only one Tx branch, while for Config 3, test Tx branch with 23dBm PA and one of Tx branch with less than 23dBm PA. 
· Pros.

i. A little less workload. Only one or two turn tests are required.

ii. Test all the Tx branches with same RF components.

· Cons.

i. Need to reconsider the separate/combination RF performance requirements.
ii. Need to know UE implementation information.
iii. Need to define the RF performance requirements for new PA class.
· Option 5: Test any of Tx Branch while the maximum transmit power of test Tx branch is (23- 10lgN)dBm.
· Pros.
i. Implementation agnostic.
ii. Less test workload. Only one turn test is required.
· Cons.
i. Need to reconsider the separate/combination RF performance requirements.
ii. Don’t know the RF performance under its maximum transmit power (23dBm).
Question 2: How to test the UE UL-MIMO RF performance requirements? 
1) Using combiner combine all signal from all Tx branches and test the output of combiner.

2) Test each Tx branch while each Tx branch is under its maximum transmit power.  
3) Test only one Tx branch which has the maximum transmit power.

4) Test only one Tx branch for each PA class, while the test Tx branch is under its maximum transmit power.
5) Test any of Tx Branch while the maximum transmit power of test Tx branch is (23- 10lgN)dBm.
Considering the inconsistency and distortion of combiner, we prefer to test UE supporting UL-MIMO per antenna port. While from option 2 to option 5, we a little prefer option 5 since it is implementation agnostic and less workload.
Proposal 2: for UL-MIMO RF performance test, test any of Tx Branch while the maximum transmit power of test Tx branch is (23- 10lgN) dBm. 
2.3 RF performance requirements
There is only one transmit antenna for REL-8 UE. So the RF performance requirements are defined per UE while at the same time, are defined per antenna port. While for UE supporting UL-MIMO, there are multiple transmit antennas, so we should consider if the RF performance requirements are defined per UE across all transmit antennas or defined per antenna port, which depends on the regulation requirements, coexistence requirements and component capabilities. 

2.3.1 Maximum output power
RAN4 has discussed this issue. The agreement is the total maximum transmit power is 23dBm. Although the in-phase add from different Tx branch may cause the instantaneous maximum output power greater than 23dBm [3], the average power is the same as 23dBm.

 Question 3: Does the maximum output power defined per UE or per antenna port?

Proposal 3: The sum of transmit power across all the antennas is the same as the rel-9 maximum transmit power requirements, with each transmit power measured at the respective antenna connectors. 

Then the maximum transmit power per antenna port may be 23dBm (Config 1 or Config 3, SAPM) or (23-10lgN) dBm (Config 2 in SAPM and all configurations in MAPM). 

Question 4: Does the output power tolerance defined per UE or per antenna port?
Considering most UE vendors would like to reuse the REL-8/REL-9 PA, that is, they would like to use Config 1 or Config 3. So for a 23dBm PA, the same power tolerance as REL-8/REL-9 will be reused. While for (23-10lgN) dBm PA, the initial assumption is the same power tolerance as REL-8/REL-9, that is, 2.5dB for 20dBm PA and 5.0dB for 17dBm PA.

With the same power tolerance requirement per antenna port, the total power tolerance is increased, at least in MAPM, we need further study on this issue.
Proposal 4: The maximum transmit power per antenna port may be 23dBm or (23-10lgN) dBm. The output power tolerance is defined per antenna port. The initial assumption is the same power tolerance per antenna port as REL-8/REL-9.

2.3.2 Output power dynamics
Considering the most UE vendors would like to reuse the same RF components as REL-8/REL-9, the minimum output power, the transmit OFF power and the ON/OFF time mask per antenna port are same as REL-8/REL-9. Then the total minimum output power and the total transmit OFF power are greater than REL-8/REL-9. And the total steady time for power ON/OFF may be increased unless all the branch are perfect synchronized. 

Question 5: Should output power dynamics defined per antenna port or per UE? Will the output power dynamics performance per antenna port satisfy the REL-8/REL-9 requirements or the total output power dynamics performance across all antenna ports satisfy the REL-8/REL-9 requirements?
Considering the test workload, the possibility of reusing REL-8/REL-9, the workload of REL-10 tantalization, and the effect of output power dynamics, we prefer the output power dynamics performance per antenna port remain the same as REL-8/REL-9.
Proposal 5: The output power dynamics performance requirements are defined per antenna port. The output power dynamics performance per antenna port remains the same as REL-8/REL-9.
2.3.3 Emission requirements 
If all the REL-8/REL-9 components are reused for UL-MIMO, then the RF performance per antenna port is the same as REL-8/REL-9. So the emission power per antenna port can satisfy the REL-8/REL-9 requirements. When UE is in multiple antennas port mode, the maximum output power per antenna port is 10lgN dB less than 23dBm, we can expect the emission power per antenna port is 3*l0lgN dB less if IIM3 is the main contributor to the emission. Then the total emission power across all antenna ports is 2*l0lgN dB less. Although there are some other contributors to emission power, we can expect the total emission power across all antenna ports is less than REL-9/REL-9. So in this case, we can expect the emission requirement per antenna port doesn’t violate the emission requirement per UE in REL-8/REL-9. 
For PA Config 2 or Config 3, new PA classes are introduced. So we need to reconsider the RF requirements for new PA model. One of assumption is the performance is same as Config 1. That is, the maximum emission power for (23-10lgN) dBm PA is the REL-8/REL-9 maximum emission power minus 3*l0lgN dB. While the total emission power, as analyzed in previous paragraph, maybe less than REL-8/REL-9. Another assumption is the total emission power across the antenna port is same as REL-8/REL-9. Then the emission power per antenna port is 10lgN less than REL-8/REL-9. The third assumption is the emission power per antenna port is same as REL-8/REL-9. Then the total emission power is 10*lgN dB more than REL-8/REL-9, which is not acceptable for regulation. 
Question 6: Should the emission requirements be defined per antenna port or per UE? If the emission requirements is defined per antenna port, is the emission requirements per antenna port the same as REL-8/REL-9, or 10*lgN dB less than REL-8/REL-9 or 3*10lgN dB less than REL-8/REL-9 when the maximum transmit power per antenna port is 10lgN dB less than REL-8/REL-9?
Considering the emission requirements are the requests from regulation, we think it is better to keep the total emission power no more than REL-8/REL-9. While we prefer to test the UE per antenna port, we prefer to define the emission power requirement per antenna port while the emission power is 10lgN dB less than REL-8/REL-9.
Proposal 6: The emission requirements are defined per antenna port. The emission requirements per antenna port are 10lgN dB less than REL-8/REL-9 when the maximum transmit power per antenna port is 10lgN dB less than REL-8/REL-9.

2.3.4 Transmit modulation quality 
Transmit modulation quality is measured per antenna port. Considering the similar components and architectures as REL-8/REL-9, the REL-8/REL-9 requirements can be used as the working assumption.

Proposal 7: Transmit modulation quality is defined per antenna port with the same requirements as REL-8/9.
2.3.5 Time alignment 

For UE in multiple antenna ports transmission mode or in mode 3 of SAPM, the time alignment of different branch should limited to ensure the combined signal quality.

Proposal 8: Time alignment between transmitter branches should be defined for UL-MIMO transmission.
2.3.6 CA and UL-MIMO
Considering a set of Tx branches working in the same band can be configured to support CA, we should consider the CA performance requirements while we define UL-MIMO RF requirements in case of any violation  happens for  the same Tx branch. 
Proposal 9: The RF requirement for UL-MIMO should align with the RF requirements for CA.
3 Conclusion 
In this contribution, we discuss the UE Tx requirement for UL-MIMO. We begin the discussion from the implementation consideration then discuss the test model for UL-MIMO. Then we give our view on the RF performance requirements for UL-MIMO. Several questions are raised. We give our preference on these questions and some other proposals. We hope group can consider these questions and get consensus on these questions. 

Here are the questions: 

Question 1: Should the RF performance requirements for UL-MIMO be defined 1) implementation agnostic or 2) per configuration and per mode or 3) on the baseline configuration and baseline mode?

Question 2: How to test the UE UL-MIMO RF performance requirements? 

1) Using combiner combine all signal from all Tx branches and test the output of combiner.

2) Test each Tx branch while each Tx branch is under its maximum transmit power.  

3) Test only one Tx branch which has the maximum transmit power.

4) Test only one Tx branch or two Tx branch, while each test Tx branch is under its maximum transmit power.

5) Test any of Tx Branch while the maximum transmit power of test Tx branch is (23- 10lgN)dBm.

Question 3: Does the maximum output power defined per UE or per antenna port?

Question 4: Does the output power tolerance defined per UE or per antenna port?
Question 5: Should output power dynamics defined per antenna port or per UE? Will the output power dynamics performance per antenna port satisfy the REL-8/REL-9 requirements or the total output power dynamics performance across all antenna ports satisfy the REL-8/REL-9 requirements?
Question 6: Should the emission requirements be defined per antenna port or per UE? If the emission requirements is defined per antenna port, is the emission requirements per antenna port the same as REL-8/REL-9, or 10*lgN dB less than REL-8/REL-9 or 3*10lgN dB less than REL-8/REL-9 when the maximum transmit power per antenna port is 10lgN dB less than REL-8/REL-9?
Here are the main proposals.

Proposal 1: The RF performance requirements for UL-MIMO is defined in the implementation agnostic way.
Proposal 2: For UL-MIMO RF performance test, test any of Tx Branch while the maximum transmit power of test Tx branch is (23- 10lgN) dBm.

Proposal 3: The sum of transmit power across all the antennas is the same as the rel-9 maximum transmit power requirements, with each transmit power measured at the respective antenna connectors. 
Proposal 4: The maximum transmit power per antenna port may be 23dBm or (23-10lgN) dBm. The output power tolerance is defined per antenna port. The initial assumption is the same power tolerance per antenna port as REL-8/REL-9.
Proposal 5: The output power dynamics performance requirements are defined per antenna port. The output power dynamics performance per antenna port remains the same as REL-8/REL-9.
Proposal 6: The emission requirements are defined per antenna port. The emission requirements per antenna port are 10lgN dB less than REL-8/REL-9 when the maximum transmit power per antenna port is 10lgN dB less than REL-8/REL-9.
Proposal 7: Transmit modulation quality is defined per antenna port with the same requirements as REL-8/9.

Proposal 8: Time alignment between transmitter branches should be defined for UL-MIMO transmission.
Proposal 9: The RF requirement for UL-MIMO should align with the RF requirements for CA.
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