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1 Introduction
In the core work item for 4RX, it was decided not to update any core requirement for RLM, and RRM was already out of the scope of the work item. At the same time, there has been considerable discussion on how to reuse existing and future 2RX test cases for 4RX capable UEs, since there are a very large number of legacy tests, and it will not be possible in future to develop both 2RX and 4RX variants of test cases for every new LTE feature which RAN4 works on, due, for example, to workload constraints. Therefore, pragmatically, it is necessary to develop methodologies where 2RX tests may be applied to the testing of 4RX capable UEs. Ideally such methodologies would be as general as possible, but on the other hand different test cases serve different purposes and there may need to be discussion of specific groups and types of tests in order to derive the proper methodology. In this contribution, we focus specifically on RLM and RRM aspects.
2 Discussion

In RAN4#77, different types of UEs are identified [1]
· Definition of type of UEs
· Type 1: UEs only support 2Rx in certain bands and support 4Rx in the other bands

· Type 2: UE support 4Rx in all the bands.
· All 2RX tests can be tested for Type 1 UEs on a 2RX band. AP connection follows Option 1 Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.
For RRM tests, it should be noted that not all tests are band agnostic. Specifically, (based on earlier RAN4 discussions and decisions) 36.521-3 indicates that tests in chapter 9 (measurement accuracy) are applicable on all supported bands in the UE, since measurement accuracy depends on reference sensitivity which is band dependent.

	3A.3.4
UE with Multiband Capability

The Radio Resource Management performance of a UE in sections 4 – 8 is considered to be independent from all bands. Therefore, the required performance in the respective test cases can be verified in one of the bands supported by the UE, with the exception of inter-band testing requirements in clause 3A.1. The test cases in section 9 are considered to be band dependant and are therefore applicable in all of the supported bands in the UE.




The implication is that even for a type 1 UE, the measurement accuracy tests need to be available and are applicable on the bands where 4RX is supported.

Observation 1 : 36.133 chapter A.9 tests are applicable on all bands, including 4RX bands on a type 1 UE.

For tests in chapters A.4 to A.8, the tests can be tested for Type 1 UEs on a 2RX band. However, RAN4 should try to agree on the test methodology to allow type 2 UEs to be tested, and in addition, even for a type 1 UE it could be possible (depending on the UE manufacturer’s choice) to perform testing on a 4RX band, assuming availability of a suitable test case.

Some discussion took place in RAN4#77 on the likelihood of type 2 UEs ever being commercially realised. We do not elaborate much on this discussion in this contribution, except to note that many of the RRM functionalities would not be as significantly impacted by antenna configuration as demodulation tests. We will explore this aspect in more detail in the contribution but in summary we expect that it is possible to develop and agree 4RX antenna configurations suitable for testing many of the RRM tests in A.4 through A.8 which would be suitable for testing either type 2 UEs, or even type 1 UEs if the manufacturer chooses to test on a 4RX band. There are also carrier aggregation considerations on the type 1 / type 2 UE discussion, which we consider later in the contribution, but in summary the type 1 / type 2 classification may be more difficult to make for a CA test involving multiple bands.
Due to the sheer number of RRM tests, we categorise tests somewhat generically to try to provide some level of detail in the analysis without going into every single test in 36.133. There are three main approaches which have been discussed for demodulation testing in RAN4#76bis

· Option 1: Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.

· Option 2: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests.

· Option 3: Mixed Option 1 and 2 case by case.

We now turn our attention to analyzing the tests in various chapters and sections of 36.133 annex A. The analysis considers either a type 2 UE, or testing of a type 1 UE on a 4RX band. It is clear that a type 1 UE may be tested on a 2RX band rather straightforwardly using a 2RX test case, assuming that the UE manufacturer is able to choose and declare the two antenna ports that should be used.
Intra-frequency idle reselection
These tests are mostly concerned with measuring how rapidly a UE can reselect to another cell on the serving frequency layer in idle mode when it becomes better ranked or otherwise a reselection target. Implicitly then, idle mode measurement accuracy is involved, as well as BCH reading during the reselection. The measurement definitions in 36.214 are applicable in idle mode, and therefore the UE should follow the definition If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches. Idle mode tests are performed with AWGN. The conditions are such that the BCH decoding on the target cell is not particularly demanding (it is the best cell on the frequency). The implication is that we do not think the reselection delay would depend heavily on the usage of option 1 or option 2 and either could be a valid test method. Option 1 has the benefit of simplicity for the test equipment; option 2 saves consideration of UE declaration on antenna port consideration but we assume that the UE declaration will be needed anyway for other tests. Hence, we propose the use of option 1.
Proposal 1 : For idle mode intra-frequency reselection tests (A.4.x), option 1 is used

Inter-frequency idle reselection

For inter-frequency measurements, we think that similar considerations apply as for intra-frequency idle reselection, and additionally due to power consumption considerations it is even less likely that a UE implementation would choose to measure inter-frequency with 4RX. Hence either test method could be used, but similarly to proposal 1 we propose

Proposal 2 : For idle mode inter-frequency reselection tests(A.4.x),  option 1 is used

Intra-frequency and inter-frequency handover delay

Handover delay is primarily concerned with how long it takes to process an already received handover command, and to reconfigure the baseband, and if applicable, RF to connect to the target cell. Baseband activities may include AGC settling times and other receiver initialisation procedures, and for inter-frequency handover RF processing may include synthesiser settling, or switching front end components for an inter-band handover. At any rate, our expectation  is that almost all activities in both baseband and RF are performed in parallel for each RF chain, and therefore there would not be a significant difference in HO delay regardless of the number of RF chains involved – using additional RF chains neither helps perform HO faster, nor is it likely to delay the HO. As such, either antenna connection option could be considered, and similarly to idle mode, we propose option 1 for reasons of tester simplicity.
Proposal 3 : For RRC connected tests of handover delay (A.5.x), option 1 is used
Intra-frequency and inter-frequency RRC reestablishment
In RRC reestablishment tests, the serving cell is switched off to trigger RLF. Therefore there should be no concern on whether RLF will be triggered regardless of how many RF chains are used. The UE then performs reestablishment to a cell with relatively good SNR (Es/Iot=4dB or 7dB). As the SNR is high, the delay should not be significantly impacted by use of 2RX or 4RX, and again either test option could be considered. For reasons of simplicity, option 1 is proposed

Proposal 4 : For RRC reestablishment delay testing (A.6.1.x), option 1 is used
Random Access tests
Random access tests are primarily tests of the uplink. Downlink reception is tested as part of the procedure, both in UE RSRP measurements (which are used for power control) and in the reception of ACK/NACK/no response. AWGN conditions are used, and SNR is relatively good (Es/Iot=3dB). Hence the UE is expected to be able to measure RSRP accurately and decode the ACK/NACK from the test equipment relatively easily, and usage of 4RX would not have a significant difference on the test outcome
Proposal 4 : For random access testing (A.6.2.x), option 1 is used
RRC Connection Release with Redirection
All RRC connection release with redirection tests are inter-RAT tests (to UTRAN/GSM) and do not need to be analysed as part of the studies on 4RX testing, as the antenna configuration on the target side will not be affected by the 4RX work item, and the serving connection is only needed to provide the RRC connection release message with redirection information. As the test method should still be formally defined, option 1 may be used.
Proposal 5 : For RRC connection release with redirection  (A.6.3.x), option 1 is used

UE Transmit timing
The purpose of transmit timing tests is to verify that the UE is capable of following the frame timing change of the connected eNode B and that the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits.  To transmit with correct timing, the UE needs to measure the downlink timing. In all tests, the downlink Es/Iot is 3dB. Since it is already feasible to pass the test with 2RX, and 4RX would not be expected to greatly improve the accuracy of timing tracking at +3dB, it is also proposed to use option 1:

 Proposal 6 : For UE transmit timing accuracy  (A.7.1.x), option 1 is used

UE timing advance adjustment accuracy test

The purpose of these tests are to verify timing Advance adjustment accuracy requirements. The tests are primarily about uplink transmission from the UE, and to pass the test the UE only needs to successfully receive the timing advance command on the downlink (RX) side. Again Es/Iot=+3dB and there seems to be no major difference in expected performance between 2RX and 4RX so it is again proposed to use option 1
Proposal 7 : For UE timing advance accuracy  (A.7.2.x), option 1 is used

Radio link monitoring

RLM tests need more detailed consideration, and 4RX RLM was discussed extensively in the core work item. The outcome was that the core specification was not updated, and it is up to UE implementation whether it performs fall back to 2RX. As was agreed in RAN4#76bis, the correct understanding is that core requirements are generic, so Qin,& Qout BLER is consistent with the number of AP used by the UE for decoding.
This means that we need to consider a suitable testing option which will not disadvantage either a UE operating with 4RX, or a UE that has performed 2RX fall back. A number of options could be considered
Alt 1 : Agree a condition in which the 4RX UE will not perform fall back, and specify new SNR profiles in the tests which are suitable for 4RX operation. An example of such a condition could be similarly to UE demodulation where it is already agreed that the PDCCH demod test is performed with continuous scheduling of the UE. In existing RLM tests, the UE is not continuously scheduled on the PDCCH to test the hypothetical BLER, and in earlier discussions during the core work item there was some resistance to changing from the current methodology. Moreover, this alternative means that all existing tests need to be resimulated to derive new SNR thresholds for 4RX, or alternatively some offsetting methodology to the existing thresholds may be agreeable (e.g. in the ballpark of 2.5dB to 3dB lower).

Alt 2 : Agree a condition in which the 4RX UE is guaranteed to perform fall back. An example of such a condition would be to leave two of the 4 antenna ports disconnected (or with zero input).  As has been discussed in the core work item, this is limiting to UE implementation (the UE must perform fall back in the test condition) but it has the advantage that existing SNR thresholds from tests can be directly reused.

Alt-3 : Develop a methodology which can be passed by a UE regardless of the fall back operating mode. An example of such a methodology is given in [2]. SNR thresholds related to Qin are directly reused for the test. Since these thresholds were originally derived using 2RX assumptions, if a UE operating with 2RX is above Qin (BLER=2%) then a UE operating with 4RX will certainly be above Qin. SNR thresholds related to Qout are modified to values suitable for 4RX. If a UE operating with 4RX is in conditions below Qout then a UE operating with 2RX will certainly be below Qout. In this way, the expectation is that the UE will be able to pass the test regardless of the fall back operating mode. The issue with alternative 3 is that it corresponds in some ways to a relaxation of the RLM test (greater difference between the SNR where the UE is expected to be in sync and where the UE is expected to be out of sync). The additional margin arises because there is more ambiguity about how well the UE receiver is performing in a 4RX capable UE (due to potential fall back) compared to legacy UEs which have a more exactly known level of performance. The uncertainty in the UE receiver performance is translated to an additional margin in the test. 
Considering these alternatives, all have some benefits and drawbacks. Overall, we find alternative 3 is likely to be the most viable alternative, but we would prefer that alternative 3 is only used when strictly necessary. The implications of alternative 3, stated as proposals, are:
Proposal 7 : For radio link monitoring  (A.7.3.x), 4 independent test signals are provided to the UE (e.g. 1x4 low or 2x4 low correlation matrix depending on case).
Proposal 8 : Thresholds related to Qout are modified, potentially by a fixed amount such as 3dB to avoid the need for resimulation

Proposal 9 : Proposals 7 and 8 are only applied to the testing of a type 2 UE. A type 1 UE should be tested for radio link monitoring using a 2RX band.

DC interruption at transitions
Dual connectivity UEs are tested for interruptions at transitions in tests A.7.4.x. We do not expect that interruption behaviour should be significantly different one way or the other regardless of number of antenna ports used in the test. Similarly to other tests, we propose option 1.
Proposal 10 : For DC interruptions at transitions  (A.7.4.x), option 1 is used

UE measurement procedures

The UE measurement procedures tests in A.8 are concerned primarily with verifying cell identification performance, measurement period and some tests of interruption performance in many different scenarios. Low Es/Iot is used, and also fading conditions are often used in the tests for verification. Since the core requirements are not different for 4RX with regard to any of these aspects, it cannot be expected that a 4RX UE will perform better than a 2RX UE, although it clearly also should not be expected to perform worse. This means that like many other RRM tests, tests in A.8 could use either test option 1 or 2, and similarly to other tests we have a preference for option 1 for reasons of test equipment simplicity.
Proposal 11 : For UE measurement procedures (A.8.x) option 1 is used.

UE measurement accuracy

As  noted in the introductory section, UE measurement accuracy tests in chapter A.9.x are not band agonistic, and need to be tested on all bands. This means that even on a type 1 UE, it is necessary to run A.9.x tests on the 4RX bands, as well as any 2RX bands. The measurement definition ‘If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches’ implies that even if a 4RX UE is only connected to 2 antenna connections, the reported values of measurements should not be affected by the disconnected individual diversity branches. This means that option 1 is suitable 
Proposal 12 : For UE measurement accuracy (A.9.x) option 1 is used.

Carrier aggregation and dual connectivity
The distinction between type 1 and type 2 UEs becomes less clear when carrier aggregation is considered. A UE may implement interband CA and/or DC using some bands that have 2RX only operation, and other bands that use 4RX. The UE needs to pass relevant RRM tests depending on its CA or dual connectivity capability (for instance, 2DL or 3DL etc), and depending on the supported bands, this may lead to a need to pass the tests with band combinations that involve some of the following 3 cases from the UE perspective:

Case 1 : 2RX operation on all the relevant bands

Case 2 : A mixture of 2RX and 4RX operation on relevant bands

Case 3 : 4RX operation on all the relevant bands

Case 2 is likely to be fairly common, since the UE manufacturer needs to select CA or DC  bands which are both

· Supported by the UE in question

· Sufficient to meet the test purpose, eg if the UE manufacturer needs to pass a 3DL CA test, then only 3DL CA bands can be considered.

Although case 1 and case 3 look somewhat similar to the definitions of type 1 and type 2 UEs, they are also not exactly the same since these case defintions potentially apply on a testcase by testcase basis (depending on test purpose and UE capabilities) rather than being a property of only the UE design.

The implication is that for CA or DC testing, it is not simply the UE 4RX capability per band that determines “type 1” or “type 2”, but also the particular test being considered which determines whether the UE manufacturer can perform a case 1, case 2 or case 3 test procedure. The implication is that CA RRM tests should be able to support a mixture of antenna port configurations on the various component carriers.

Oberservation 2 : Type 1 and type 2 categorisation does not directly apply to CA or DC testing, and RRM tests should be able to support a mixture of antenna port configurations on the various component carriers.
RAN5 does not specify connection diagrams for CA tests due to the large number of different configurations that could be considered for antenna connnections for the different component carriers. On the other hand, given the discussion that has taken place for single carrier antenna connection with a  4RX UE, it seems necessary to discuss the correct methods for testing a 4RX UE with carrier aggregation or dual connectivity.

In the previous sections, proposals 1-6 and 10-12 have proposed to use option 1. This means that even for 4RX bands, the test equipment only needs to generate test signals for 2 antenna ports. This option is relatively straightforward to extend to CA/DC RRM tests under observation 2, since the test equipment only has to generate 2 RX test signals, even for the component carriers where the UE supports 4RX. It would then be up to the UE chipset manufacturer to decide how the 2RX test signals should be applied to a UE for the 4RX component carriers, noting that the exact connection is not specified by RAN5, even for 2RX component carriers.

If we consider the alternative, where option 2 is applied on component carriers where the UE supports 4RX, it is clear that this becomes more complicated for the test equipment, because according to observation 2, the test equipment then needs to be configurable on a component carrier level whether to provide 2 or 4 test signals.

Hence the choice of option 1 in proposals 1-6 and 10-12 is also beneficial for CA/DC RRM testing which could otherwise become rather complicated. 

Observation 3 : Based on observation 2, it is more straightforward to use option 1 than option 2 in all RRM tests
Considering RLM testing, RLM is performed on the PCell and for that reason, there are no CA based RLM tests, so there is no need to analyse this further.
3 Conclusions
In this contribution we have analysed RRM and RLM tests and discussed suitable antenna configurations. For almost all tests the RRM performance of the UE is not expected to be greatly affected by 4RX or 2RX operation, and in principle either option 1 or option 2 could be used for testing on a 4RX capable band. For reasons of test equipment simplicity and to minimise the changes especially to test equipment we therefore propose that all RRM tests except RLM (A.7.3.x) use option 1.
Proposals 1-6,10-12 :  For UE RRM tests (all tests except A.7.3.x) option 1 is used.

For RLM tests more detailed consideration is needed, because the Qin and Oout thresholds are tied to PCFICH/PDCCH demodulation hypothetical performance, and the UE is expected to perform Qin and Qout evaluation consistently with the number of receiver antenna ports in use. This means that, for example, a 4RX UE may fail the existing test (depending on antenna connection option), for example, failing to go out of sync at the thresholds currently defined in the tests.

We evaluate 3 alternatives for RLM testing of 4RX UEs. All of the alternatives have benefits and drawbacks. Overall, we propose

Proposal 7 : For radio link monitoring  (A.7.3.x), 4 independent test signals are provided to the UE (e.g. 1x4 low or 2x4 low correlation matrix depending on case).

Proposal 8 : Thresholds related to Qout are modified, potentially by a fixed amount such as 3dB to avoid the need for resimulation

Proposal 9 : Proposals 7 and 8 are only applied to the testing of a type 2 UE. A type 1 UE should be tested for radio link monitoring using a 2RX band.

We also discuss CA and dual connectivity testing, and note that the analysis of “type 1” or “type 2” UEs does not directly apply to CA RRM testing since the test purpose may force the use of a mixture of component carriers where the UE supports 2RX and 4RX, depending also on the CA band combinations supported by the UE. This may lead to a need to pass the tests with band combinations that involve some of the following 3 cases from the UE perspective:

Case 1 : 2RX operation on all the relevant bands

Case 2 : A mixture of 2RX and 4RX operation on relevant bands

Case 3 : 4RX operation on all the relevant bands

Oberservation 2 : Type 1 and type 2 categorisation does not directly apply to CA or DC testing, and RRM tests should be able to support a mixture of antenna port configurations on the various component carriers.
Observation 3 : Based on observation 2, it is more straightforward to use option 1 than option 2 in all RRM tests
There are no CA based RLM tests, so RLM does not need to be considered in observations 2 and 3.
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