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1.  Introduction

RAN5 has sent a LS to RAN4 on enhanced performance requirements [1]. In this LS RAN5 is asking RAN4 to confirm the RAN5 understanding that enhanced performance requirements do not mandate the receiver implementation and also asking RAN4 any guidance on how to connect UE supporting Rx Diversity (2RX UE) in test cases that have been originally defined for UE having only single receiver (1RX UE). This LS was sent to RAN4 since RAN5 had different opinions how Rx Diversity UEs should be connected in test cases that are designed for UE having only one antenna. 
If RAN5 replies that from core requirement perspective a 2RX UE needs to be always connected from both antennas in HSDPA performance tests then RAN5 is able to get rid of redundant testing by changing the applicability of Type 2 test cases so that they do not need to be executed with 2RX UEs because such a UE would easily pass those tests anyhow and there exists corresponding 2RX requirements that are targeted for Type 3 and Type 3i UEs. 

The amount of such redundant Type 2 test cases for 2RX UEs is about 10 per applicable band and this amount is continuously increasing while RAN5 introduces multicarrier Type 2 test cases in its coming Work Items. Thus the money saved in UE certifications costs is significant since many times one HSDPA performance test case can take more than 2 hours to execute.
While RAN5 is still waiting for response to its LS we meanwhile want to elaborate further how Rx Diversity UEs are connected in other performance test cases defined in TS 34.121-1. In section 2 we address how Rx diversity UEs are connected in DCH performance tests specified in Section 7 of TS 34.121-1. Then in Section 3 we discuss how Rx Diversity UEs are connected in E-DCH DL channel performance tests defined in Section 10 of TS 34.121-1. The aim in this discussion is to find more potentially redundant test cases from those sections and thus decreasing the amount testing required for UE supporting 2RX. 

We also want to raise one new HSDPA performance topic which is also affected by RAN4 response to RAN5 LS. Namely RAN4 has specified both 1RX and 2RX requirements for MIMO performance tests. Again, potentially RAN5 is able to do the same for 2RX MIMO UEs than for Type 3/3i UEs i.e. corresponding MIMO 1RX test cases do not need to be tested with MIMO 2RX UEs. This topic is discussed further in Section 4.
2. Rx Diversity UE in DCH performance tests
Section 7 of TS 34.121-1 verifies how well UE is able to receive DCH mapped on DL DPDCH. This is done in normal mode, in different Tx Diversity modes and also during compressed mode. The same section also verifies the reception performance of TPC commands mapped in DPCCH. There are also test cases in Section 7 that verify how well UE is able to find new propagation paths in scenarios where new propagation paths suddenly appear and the old paths disappear. Also there are tests that verify how well UE is able to follow moving paths, how fast UE is able to achieve the given DCH BLER target and how well UE is able to maintain the DCH BLER target in various conditions.

So there are various aspects of UE DCH performance that are being verified in section 7 of TS 34.121. These tests have been originally defined for a UE that does not support any diversity for DCH. However, a general section in the beginning of section 7 specifies how to handle the UE that support more than one antenna.
For UE(s) with more than one receive antenna connector the fading of the signals and the AWGN signals applied to each receiver antenna connector shall be uncorrelated. The levels of the test signal appled to each of the antenna connectors shall be as defined in the respective sections below.

Therefore Rx Diversity UE is connected from both antennas to the tester in all section 7 tests. Here is the example of test procedure in one test case:

Connect the SS, multi-path fading simulator and an AWGN noise source to the UE antenna connector as shown in figure A.10. In case of UE-receive diversity connect according to figure A.21.

Hence 2RX UE is connected always from both antennas in section 7 DCH tests but on the other hand there are no redundant testing in section 7 since all current tests have been defined for a UE not supporting Rx Diversity and no Type 1 tests exists. This means that for a Type 1 UE many of these tests are rather easy but anyhow it is important to verify various aspects of UE DCH performance using the 2RX connection since that is also how UE operates in live networks.
We also see no common sense reason why Rx Diversity UE should be verified using only one antenna in these tests in addition to running the same tests with 2RX connection. It would be simply the waste of time and money.
As a summary, we have the opinion that the current connection method for 1RX and 2RX UEs in section 7 tests make sense and there are no redundant test cases spotted for 2RX UE.

3. Rx Diversity UE in E-DCH performance tests

Section 10 of TS 34.121-1 verifies how well UE is able to receive E-DCH DL channels like E-RGCH, E-HICH and E-AGCH. Both 2 ms and 10 ms E-DCH configurations are being tested like also reception capability of E-DCH signals coming from serving and non-serving cells i.e., reception performance under SHO scenarios.
At the moment, in section 10 of TS 34.121-1 there are 10 test cases verifying the E-DCH DL channel reception performance in various scenarios. These tests have been originally defined for a UE that does not support any diversity for E-DCH DL channels.

Therefore 10 basic E-DCH DL test cases are applicable for all UEs supporting E-DCH and the UE is connected to the tester only from the one antenna. Here is the cut and paste from the method of test:

Connect the SS and AWGN noise source and fading simulator to the UE antenna connector as shown in Figure A.10.
However, it is also possible that UE supports Rx Diversity for the reception E-DCH DL channels. That is why there are also enhanced performance type 1 requirements specified for each of these 10 test cases where the scenarios are the very same as in basic test cases but only the E-DCH DL signal levels have been decreased so that a basic (Type 0) UE cannot pass these Type 1 test cases.

Then again a general section in the beginning of section 10 specifies how to handle the UE that support more than one antenna.

Unless otherwise stated the performance requirements are specified at the antenna connector of the UE. For UE(s) with more than one receive antenna connector the fading of the signals and the AWGN signals applied to each receiver antenna connector shall be uncorrelated. The levels of the test signal appled to each of the antenna connectors shall be as defined in the respective sections below. Enhanced performance requirements Type 1 are based on receiver diversity.

A UE with one antenna connector may also fulfill the enhanced performance requirements Type 1. The levels of the test signal are applied to the single antenna connector as defined in the respective sections below.
Therefore the corresponding 10 E-DCH Type 1 test cases are applicable only for UEs supporting E-DCH and enhanced performance requirements Type 1 for E-DCH. These UEs are connected to the tester based on how many antennas UE have. Here is a corresponding test procedure step for Type 1 test case:
Connect the SS and AWGN noise source and fading simulator to the UE antenna connector as shown in Figure A.21 for  UEs that support receive diversity or figure A.10 for UEs that do not support receive diversity.

All the issues mentioned above mean that a UE supporting Type 1 for E-DCH is tested against two set of tests: First against the basic 10 tests where UE is connected to a tester from one antenna only, and secondly against the Type 1 test cases where UE is connected to a tester based on how many antennas it has. In our opinion it is completely redundant and giving no additional value when Type 1 UE is tested also against Type 0 tests especially because the Type 1 tests are just a copy pasted versions of Type 0 tests but just having more demanding signal levels for E-DCH downlink channels.
The reason why current TS 34.121-1 specifies both Type 0 and Type 1 tests are made mandatory for a UE supporting Type 1 for E-DCH is probably because the general section 10.1 specifies as follows:
For Release 7 and later UEs that support the optional Type 1 enhanced peformance requirements the UE shall be tested according to this enhanced performance requirement as well.

However, we think this is most likely a mistake in the specification and we have taken a more detailed look that this sentence is not coming from the core specification TS 25.101. 
As a summary we think that current section 10 contains redundant testing for Type 1 UEs. We recommend that RAN5 changes the applicability of current Type 0 test cases so that they are not anymore applicable for UEs supporting Type 1 for E-DCH. Renesas has drafted the corresponding CRs to remove redundant testing from E-DCH section as described above.
4. Rx Diversity UE in HSDPA performance tests

While here RAN5 is waiting for response from RAN4 for its LS on enhanced performance testing we want to address some more reasoning why RAN5 (and RAN4) should streamline core requirements and applicability of test cases so that redundant testing can be avoided whenever possible.

We strongly propose that RAN5 should harmonise the UE connection methods among all DCH, E-DCH and HSDPA performance tests. Since already now the current TS 34.121-1 specified that in DCH and E-DCH tests UE is connected to a tester based on how many antennas UE has, the same strategy should be applied also in HSDPA performance tests.
Furthermore it is not beneficial for end users neither for operators if certification tests require that Rx Diversity UE shall be tested first in Rx Diversity mode and then exactly the same or similar test case is executed with one antenna connection. It is simply waste of testing time that results in increase of certification costs, and at the end this additional cost is paid by the operators and end users. Also in the field the Rx Diversity UE has always a signal on both antennas so testing an Rx diversity UE performance in an artificial way without signal in 2nd receiver branch in certifications tests does not add any value to their deployments.
The LS from RAN5 was focusing the Type 2 and Type 3/3i UEs only. However, the same problem exists with  MIMO UEs and corresponding test cases where RAN4 have specified basic MIMO core performance requirements assuming UE supports Rx Diversity, but RAN4 have also defined MIMO performance requirements for UEs that do not support Rx Diversity. So the key question here is also whether real MIMO UE with two antennas should be tested also against 1RX MIMO requirements or not. In our opinion when a MIMO 2RX UE is connected to a tester from both antennas the corresponding 1RX MIMO test cases are completely redundant and give no additional value for operators neither for end users.

We want to emphasise that it is important to get rid of any redundant testing also from a new feature market introduction point of view. Now when RAN5 is introducing a big number of new Multi Carrier HSDPA test cases and new MIMO test cases, the number of potentially redundant test case will increase with these new features. This is just potentially delaying the introduction of UEs with new features into markets. For example, it does not make any sense if a UE supporting a MC-HSDPA Type 3 UE has to be tested against corresponding single carrier, DC-HSDPA and MC-HSDPA Type 2 test cases. For the same reason it does not make any sense to specify all MIMO 1RX test cases to be applicable also for MIMO 2RX UE.
As a summary, we hope that RAN4 response LS makes it possible for RAN5 to remove redundant testing from HSDPA performance tests, both from enhanced performance test cases and MIMO test cases.. 

5. Conclusions

RAN5 has sent a LS to RAN4 asking how Rx Diversity UE should be handled in Type 2 tests. This document provides a broader view how Rx Diversity UEs are being tested in current DCH and E-DCH performance test cases. 
We have shown that in both DCH and E-DCH test cases the UE is connected to a tester based on how many antennas it has. We re-state our opinion that it should be also the case with HSDPA performance tests so that connection to the tester is consistent throughout the whole TS 34.121-1 specification.
Previously RAN5 has spotted potentially redundant test cases for Type 3/3i UEs since currently also the corresponding Type 2 tests are unnecessary made applicable for Type 3/3i UE. In this document we have shown that there are also redundant test cases being executed for UEs supporting Type 1 for E-DCH. Renesas has made the CRs for removing this redundancy from E-DCH tests.
We have also evaluated DCH performance tests but we see that connections to Rx Diversity UEs are well defined and we do not see any redundant testing in DCH area.

In HSDPA performance tests we have spotted a new set of potentially redundant tests cases for MIMO UEs. The core requirements specify MIMO performance requirements for two different types of UEs: For UEs that support Rx diversity and for UEs that do not support Rx Diversity. Now again we propose that MIMO UEs do not need to be tested against 1RX requirements if the corresponding test case also exists in 2RX side.
In general we propose that RAN5 adopts our proposal of harmonizing the test methodology among DCH, E-DCH and HSDPA performance tests for Rx Diversity UEs.
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