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Introduction
RAN5 has received an LS [1] from RAN4 asking for feedback on the testability of UEs using Tx diversity schemes in FR1. In this contribution we discuss the impact of this feature on the various RAN5 test cases and share our views on this topic.
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General 
RAN4 is currently discussing how to, from a specification point of view, handle UEs that utilize Tx diversity in their implementation. Since this may have a major impact on the test case development in RAN5, it needs to be discussed how such UEs could be handled.
Tx diversity in this case means a UE transmits an uplink signal with 1 antenna port over multiple antenna connectors. In case the UE uses 2 antenna ports, this case is covered by the UL MIMO requirements.
One of the major issues with this “feature” is that according to RAN1 Tx diversity for CP-OFDM is transparent to the network [2], meaning that it is unknown to the network whether or not a UE does or does not use this feature. For DFT-s-OFDM Tx diversity it is not mentioned in the spec as well, but may be used in UE implementations according to our understanding.
The challenging part for RAN5 now becomes that the UE behavior is unknown to the test equipment and the UE may or may not use different Tx antenna connectors for transmitting its signals. How to handle UEs in general must be discussed and clarified in RAN5, since potentially any UE may employ such diversity schemes.
Tx Test Cases (38.521-1 section 6)
One of the major impacts on the test system is obviously for the Tx Test Cases in section 6 of TS 38.521-1 [3]. Currently only one uplink antenna connector on the UE and one connector at the TE is considered for the non-UL-MIMO Test Cases as can be seen from the corresponding connection diagrams in TS 38.508-1 [4] and the figures below. 



Figure 1: Test Equipment connection for basic single cell, RX and TX tests


Figure 2: User Equipment connection for single basic cell
To consider the possibility of Tx diversity in a UE under test it would be required to change the connection diagrams to support multiple uplink antennas at the UE and the TE.
Observation 1: Connection diagrams for “basic” TCs need to be updated to support multiple uplink antennas at the UE.
Additionally it needs to be discussed how many uplink antennas need to be considered for the Tx diversity schemes employed by the UE. In our understanding the support of Tx diversity in a UE is somewhat similar to the support of UL MIMO, although it is not required to support both of them in the same UE. Therefor we think that it is reasonable to assume that when testing a device a maximum of 2 uplink antennas shall be assumed.
Proposal A: A maximum of 2 uplink antennas shall be considered during the test of a device, the same as for a device supporting UL MIMO.
The difficulty in testing a device that may support Tx diversity comes from the fact that it is unknown to the test equipment whether the device actually employs any Tx diversity scheme or if it only utilizes one uplink antenna. Also it is our understanding that in case the UE supports Tx diversity schemes the device under test may change its behavior based on several parameters that are in general unknown to the test equipment. This change in behavior may be related to things like DL channel conditions, UL power, etc.
However in our opinion the conditions during a specific test case or test step thereof the conditions can be considered as stable so that it would be a viable option to allow the sequential testing of the UE antenna connectors.
Proposal B: UE antenna connectors are allowed to be measured sequentially for a given TC.
Also in our view we need to distinguish the TC in two separate groups, which need to be treated differently when it comes to evaluating the measurements results. The first group consist of TC where the power of the device needs to be measured, e.g. Maximum output power, minimum output power, SEM, ACLR, etc. For these TCs it is feasible to measure the powers per antenna connector and compare the sum of the powers against the requirements.
Observation 2: Power measurements may be measured per antenna connector and the sum of the results per connector can be compared against the requirements.
The second group in our view consists of the Tx signal quality TCs (e.g. EVM, frequency error, etc.), since here it is not feasible to simply sum up the results of each connector. Therefor in our understanding these requirements should be tested per antenna connector of the device.
Proposal C: Tx signal quality TCs shall be tested per antenna connector of the UE.
For EVM an alternative approach could be considered, which has already been mentioned in RAN4 [5]. Here EVM is measured per antenna connector, however the values are combined into a single results, by weighing them with the power measured at each corresponding antenna connectors. The formula for calculating is as follows
.
Observation 3: Alternatively EVM could be calculated as a weighted average over two antenna connectors.
Rx Test Cases (38.521-1 section 7)
For the Rx Test Cases in section 7 of TS 38.521-1 [1] the uplink is only used to report the UE feedback back to the test equipment. Since there are no specific measurements to be taken on the UL, this case seems to be simpler than the Tx case. However since the pass/fail decision of the TC is based on the evaluation of the UE feedback, it must be guaranteed that the TE correctly receives such feedback. This means that for Rx TC it is not feasible to evaluate both Tx connectors sequentially since with this method the TE might miss some UE feedback.
Observation 4: Sequential evaluation of the antenna connectors does not seem feasible for Rx TCs.
This observation however only becomes an issue in case the UE switches the Tx connectors during a Rx TC randomly. However as already stated for the Tx Test Cases, in our view the conditions during a TC can be considered stable so that it can be assumed that the UE does not randomly change its antenna connectors. Therefor in our understanding it would be sufficient for the TE to monitor only one of the UE Tx antenna connectors during the TC.
Proposal D: During Rx TCs the test equipment is only required to monitor one the UE Tx antenna connectors.
Performance Test Cases (38.521-4)
The performance Test Cases in 38.521-4 are very similar to the Rx Test Cases with regards to the requirements for the uplink. The only difference is that the Rx conditions involve fading and AWGN, however we assume the same proposal as for the Rx TCs can be applied here as well.
Proposal E: Performance TCs shall be handled in the same way as the Rx TCs.
RRM Test Cases (38.533)
In RRM test cases the reliable evaluation of the UL transmissions in time and power is crucial, since for many test cases it represents the test metric itself, as examples show below:
-	Time metric: delay of first PRACH (mobility tests), exact transmission time of first SRS, PUSCH (timing tests)
-	Power metric: power of first PRACH (PRACH test), power of first transmitted PUSCH (RLM tests)
-	ACK/NACK and CSI report metrics 
As such it is very important to have a precise defined test environment, in order to not misinterpret a valid occasion as a failed one. This could happen, in the case a power measurement is not accurate, or a transmission is not detected due to measurement at the non- / low-power transmitting antenna. Given the high variety in UE deployments in terms of UL transmit antennas, some feasible way forward could be to define an UL reference antenna at the UE to be used for RRM measurements. 
Proposal F: For RRM testing the declaration of a “reference antenna” should be considered.
 Protocol Test Cases (38.523-x)
For the purpose of protocol testing, Tx diversity schemes have so far only been discussed in the context of FR2. According to 38.508-1 section 6.1.3.1 [4] UL Tx diversity schemes shall be disabled for conformance testing.
For conformance testing using the OTA test environment, the UE under test shall be pre-configured with UL Tx diversity schemes disabled.and for calibration.
For FR1 the impact of the UL Tx diversity schemes on the test environment have not been discussed so far, so the effects here need to be further discussed and evaluated. 
Proposal G: RAN5 further discusses and evaluates the impact of UL diversity on protocol testing in FR1.
 UE declaration of UL antennas
As already outlined in section 2.5 a potential solution may also be a declaration by the UE vendor on which UL antennas active in certain scenarios. Here for example it would be helpful for the test system if a “primary” and “secondary” antenna could be identified on a given UE. E.g. the UE uses its primary antenna in all cases, but for scenarios where high output powers are required (e.g. TCs requiring the UE to run at max power) the secondary antenna is activated as well. Such declaration could help simplify the testing and reduce the overall impact on test system complexity and also test times, which may increase if the system constantly needs to measure on multiple antennas.
Proposal H: RAN5 discusses the introduction of a UE declaration for the UE Tx antennas with regards to diversity behavior.
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In this contribution we discussed the impacts of UL diversity schemes on UE conformance testing and come to the following observations and proposals.
Observation 1: Connection diagrams for “basic” TCs need to be updated to support multiple uplink antennas at the UE.
Proposal A: A maximum of 2 uplink antennas shall be considered during the test of a device, the same as for a device supporting UL MIMO.
Proposal B: UE antenna connectors are allowed to be measured sequentially for a given TC.
Observation 2: Power measurements may be measured per antenna connector and the sum of the results per connector can be compared against the requirements.
Proposal C: Tx signal quality TCs shall be tested per antenna connector of the UE.
Observation 3: Alternatively EVM could be calculated as a weighted average over two antenna connectors.
Observation 4: Sequential evaluation of the antenna connectors does not seem feasible for Rx TCs.
Proposal D: During Rx TCs the test equipment is only required to monitor one the UE Tx antenna connectors.
Proposal E: Performance TCs shall be handled in the same way as the Rx TCs.
Proposal F: For RRM testing the declaration of a “reference antenna” should be considered.
Proposal G: RAN5 further discusses and evaluates the impact of UL diversity on protocol testing in FR1.
[bookmark: _GoBack]Proposal H: RAN5 discusses the introduction of a UE declaration for the UE Tx antennas with regards to diversity behavior.
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