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1 Introduction

The discussion about how to connect a 4Rx capable UE in legacy tests designed for 2Rx UEs has been open in RAN4 for a long time. At the present meeting an Adhoc was held, minuted in [1]

RAN4 is scheduled to complete the work item at the present meeting, and RAN5 is scheduled to complete the work item at the August meeting.

This paper summarises the RAN4 discussions related to antenna connection in legacy tests so far. Also some important aspects for RAN5 consideration and test case impact is discussed in section 4.
2 Test cases and band dependency

The test cases in question here are demod/CSI tests in section 8 and 9 of 36.521-1 and RRM tests in section 4-9 in 36.521-3. Demod/CSI tests are band independent and can be run in any supported band once. The same apply to RRM section 4-8 tests. RRM section 9 tests are band dependent and need to be run in all the bands.
3 RAN4 summary
RAN4 have defined two types of UEs:

· Type 1: Is capable of 2 Rx on some bands and 4 Rx on other bands

· Type 2: Is capable of 4 Rx on all the bands

For a type 1 UE the obvious solution is to select a 2Rx band and do the test there. This is also what RAN4 have agreed for both Demod/CSI and RRM.

3.1 Demod/CSI

New demod/CSI requirements have been defined for 4Rx, but not complete coverage compared to legacy requirements. No new CA requirements for 4Rx will be added.
For a type 2 UE there are different options (taken from [1]) 

· 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: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, with tighten requirement case by case.

· Option 4: 

· Pair two receiver antenna as one group and pair the other two as one group. 

· The signal is generated and passed through faders in the same way as that for the tests based on 2 receiver antennas. Afterwards, a signal is split, duplicated and input to two receiver antenna belonging to the same pair. 

· The 4 external noise signals with the level of NOC are statistically independent and input to 4 receiver antennas separately. pair two receiver antennas and connect the other 2 APs with the same inputs, i.e. AP 1 with the same input as AP 2 and AP 3 with the same input as AP4.

· Apply the 2Rx requirements with [3dB] lower SNR.
· Option 5: Test mode for any tests in 4Rx band
Unfortunately RAN4 could not reach agreement on any of these options, although some more discussions will be held during the week.

To be able to close the RAN4 work item they are considering leaving it for RAN5 to decide.

3.2 RRM

No new test cases will be added.

For a type 2 UE, RAN4 agreed in RAN4#78 to, connect 4 antennas with independent fading and noise without changing the test parameters except in RLM tests where some of the SNR levels needs to ensure that a 4RX UE would go into out of sync state. However, as the demodulation and CSI 4RX connection is an ongoing discussion, it is possible that the decision from RAN4#78 could be revised by RAN4 if a better test connection method is identified in the work on demod/CSI as it may also be applicable for RRM/RLM testing.
For CA and dual connectivity, use same rules per band.
4 Discussion
4.1 Type 1 and 2 related discussion
The most common type of UE will be type 1 UE, but for completeness RAN5 need to have test coverage for any foreseeable UE variant. Therefore it is important that RAN5 consider also type 2 UEs in the test cases.

One observation is that even if the type 1 UE will have some 2Rx band that can be used for single carrier testing, when considering 2CC and 3CC carrier aggregation test cases it will be more unlikely to find an inter-band band combination where all 2 or 3 bands have only 2Rx.  

It is relevant to point out some reasons why 2Rx performance is still important also for a Type 2 UE:

· Even if the UE is capable of 4Rx, it may go to a 2Rx fallback mode in certain (unknown) situations for e.g. power save reasons.
· Advanced receiver features like NAICS defined with 2Rx baseline will be possible to pass even without NAICS implemented correctly if tested with 4 ports connected using independent fading due to the added diversity gain. 

· RAN4 have only defined a subset of new 4Rx requirements, most of the 2Rx test cases have no 4Rx counterpart. 

· All the existing CA/DC tests are defined with 2Rx and they need to be tested if any CC is a 4Rx band.

4.2 Impact on the RAN5 test cases for different connection options

	Option
	Impact on test cases

	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
	No impact on any existing RAN5 test case

	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.

	All test cases applicable to Rel10 and later UEs need to duplicate the number of faders and AWGN sources
New connection diagrams needed in 36.508

	Option 3: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, with tighten requirement case by case.

	Since the requirements are different all test cases needs to be split according to RAN5 annex I rules. The new tests require double amount of faders and AWGN sources.
New connection diagrams needed in 36.508

	Option 4: Pair two receiver antenna as one group and pair the other two as one group. 


	Similar to option 3

	Option 5: Test mode for any tests in 4Rx band

	New test mode command in 36.509

Low impact on test cases (36.508 setup procedure and initial conditions may need to be updated)

	Option 5a: Allow proprietary means for disabling of 4Rx in the UE
	No impact on any existing RAN5 test case


5 Conclusion

If RAN4 fails to agree on a solution for running 2Rx test cases in a 4Rx band, it has big impact on the RAN5 work item completeness date which likely needs to be delayed.

Companies are encouraged to bring proposals in RAN4 and RAN5 to help resolving the issue.
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