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1. Introduction
RAN4 has finalized Rel-13 4-RX UE WI with application rules, test methods and performance requirement adjustment in [1], and a new WI of Rel-14 4-RX + CA WI has been approved in [2]. In Rel-14 discussion, the 4-RX AP UE feature is extended toward to CA + advanced receivers, which are testing UE concurrent features. In this contribution, we discuss our initial view on 4RX + CA performance tests.
2. 2RX / 4-RX + CA Performance Test Discussion 
Regarding further study of 4-RX UE performance, we have seen two direction in Rel-14. One dimension is toward CA. 4-RX UE is a band specific feature, so CA+4-RX concurrent feature study has been approved. Another dimension is 4-RX+advanced RX. Since 4-RX UE supports high layers, high layer performance study also get interested through Rel-14. Basically, most of a single band demod and CSI features are assumed band-agnostic, it is the first time for RAN4 to move toward concurrency tests. Simply speaking, there is not so strong motivations to test band-independent features with CA. 

As UE implementations keep improved as time goes, some of advanced RX may be regarded now as a kind of baseline receiver, so is MMSE-IRC receiver. MMSE-IRC has been introduced in Rel-10, afterward it is commonly used to suppress inter-cell interference, MU interference as well as TX EVM. Indeed, its usecase becomes quite generalized. 

However, feature concurrency tests with CA make many challenges to UE design. Nowadays, CA is expending up to 8-CA even to 32-CA, the UE complexity with CA is quite dramatically increasing. We are trying to cover demod features over all CA usecases, but it is with feature flexibility. In fact, an assumption such that a demod feature must be simultaneously supported over all CCs is too naïve assumption. As RAN4 observed in homogenous network CRS-IM feature, CA + CRS-IC is also applied in flexible manners for best performance and power consumption. It is desirable to introduce CA testcases with such UE implementations aspects. 

The WID approved in [2] captured performance studies as below. We would like to discuss preferences one by one.
·  Specify performance requirements for the following deployment scenarios with multi-carriers up to 5 CCs with the same methodology by applying single carrier requirement to each carrier of multi-carrier scenarios: FDD/TDD CA, TDD-FDD CA and DC:

i. Extend existing CA (including FDD/TDD CA, TDD-FDD CA, DC) tests from 2Rx to 4Rx

ii. Extend existing 2RX and/or 4RX tests with MMSE-IRC receiver from single carrier to CA (including FDD/TDD CA, TDD-FDD CA, DC)  

iii. Study to extend existing 4Rx with 3 and 4 layers tests from single carrier to CA (including FDD/TDD CA, TDD-FDD CA, DC)

iv. Study to extend existing 4Rx and 256QAM with 1 and 2 layers tests from single carrier to CA (including FDD/TDD CA, TDD-FDD CA, DC)

v. Specify SDR tests to cover all applicable UE categories with combination of MIMO layers, number of carriers and CA (including FDD/TDD CA, TDD-FDD CA, DC) bandwidth combinations

vi. Specify applicability rule for CA (including FDD/TDD CA, TDD-FDD CA, DC) and SDR tests to ensure the test coverage for all 4Rx capable UEs.

In fact, the bullet (i) seems already achieved in Rel-13. To our understanding in [1] CR R4-167006, 4-RX AP connection + CA are already testable through 2-RX legacy tests. RAN4 has defined antenna port connection and even performance requirement adjustment. Therefore, the minimum functional tests of 4-RX AP CA can be covered by Rel-13 tests. RAN4 may need further clarification whether Rel-14 will have additional study for 4-RX AP + CA tests with MMSE-MRC detector base. If RAN4 studies additionally on them, then the Rel-13 legacy tests with 4-RX AP connection will be replaced.

Proposal 1 : Rel-13 2-RX AP CA tests are already applicable to 4-RX AP tests. Clarify RAN4 further work to CA tests extension from 2X to 4RX tests. 

Secondly, a main goal of the WI is to extend MMSE-IRC performance requirements with CA as bullet (ii). Since there is no 2-RX + CA performance requirements with MMSE-IRC yet, 2-RX + CA tests should be baseline study and prioritized over 4-RX + CA performance requirement. 

IRC tests can be defined in various forms with 4-RX AP. An UE can apply 4-RX 2-layer with IRC or 4-RX 4-layer IRCs. On the top of MIMO layers, the number of CCs supporting IRC with 4x4 noise+interference covariance will impact UE complexity. If studying 4RX-AP MMSE-IRC performance up to 5-CAs, complexity of 4-RX IRC also need to be investigated. For example, IRC based on full non-diagonal matrix of interference-noise covariance metric can be considered, or semi-diagonal matrix of interference-noise covariance metric also can be considered for baseline.

Proposal 2 : Take TM3 CA test configurations and extend with 2RX/4RX MMSE-IRC with one TM3 interference cell as Table 1.
Proposal 3 : Take TM9 MMSE-IRC test configuration and extend with CA Table 1.

Table 1 : 2RX/4RX + IRC + CA performance test candidates
	
	Reference legacy test
	Max N-CA extension

	2RX+IRC+CA

extension
	8.2.1.3.1    (TM3 CA test FDD),         8.2.2.3.1   (FDD)
	N <= 5

	
	8.3.1.1A    (TM9, Type-A test FDD), 8.3.2.1B    (TDD)
	N <= 5

	4RX+IRC+CA

extension
	8.10.1.1.2
 (TM3 CA test FDD),         8.10.1.2.2  (FDD)
	N <= 2

	
	8.10.1.1.5  (TM9, Type-A test FDD), 8.10.1.2.5  (TDD)
	N <= 2


For (ii), all CA functions are tested under the legacy CA tests. Therefore the Rel-14 UE need to be additionally verified regarding maximum performance. Although tests with all CA band combinations are introduced as the legacy configuration, a test application rule is to select one max aggregated bandwidth and apply a single test in each CRS-TM and DMRS-TM. We prefer to reuse the legacy CA format of TM3, but we don’t have strong preference in selecting a CRS-TM.
Proposal 4 : MMSE-IRC + CA does not need to be tested under all bandwidth combinations configurations. A test application rule is to select one max aggregated bandwidth and apply a single test in each CRS-TM and DMRS-TM.
Regarding bullet (iii) of CA + high layer support, the WID suggest studying to extend existing 4Rx with 3 and 4 layers tests from single carrier to CA. If extending the existed high layer tests to CA, three Rel-13 high layer performance tests can be considered. 
· TM3 16QAM + 3 layer test  (8.10.1.1.7,   8.10.1.2.7)
· TM4 16QAM + 4 layer test  (8.10.1.1.8,   8.10.1.2.8)
· TM9 16QAM + 4 layer test  (8.10.1.1.9,   8.10.1.2.9)
Recalling back to Rel-13 discussion, these performance tests have been introduced to evaluate functional high layer support.  RAN4 has observed that the UE will push up constellation order effectively to get high data rate rather than push up rank. One bottleneck to test with realistic high layer test was SNR testing points and EVM. RAN4 has observed that effective high layer performance is shown in high SNR regions. That’s one of motivations that RAN4 additionally studies SU-MIMO+4-RX UE WI.
Observation 1 : The Rel-13 high layer performance tests have been introduced with functional testing view. RAN4 has observed that the UE will push up constellation order effectively to get high data rate rather than push up rank. 16QAM+high layer is to test a 4RX-UE functionally on high layer support.
If it is function CA + high layer tests, there are SDR+CA tests. The 16QAM + high layer test won’t be effective tests for CA + high layer tests in terms of performance. In our view, 4-RX+high MIMO layer performances can be considered with two options.
Proposal 5 : Consider CA + high layer tests with two options below :

· Option 1 : Extend the performance tests to CA based on Rel-13 testcase sets with MMSE-MRC in straight-forward manner.
· Option 2 : Study further high layer performance and usecase in a single CC through 4-RX+SU-MIMO WI and extend higher layer + CA with advanced RX in a later release.

Regarding bullet (iv), 256QAM + CA + low layer is an important and practical strategies for high data rate. Indeed it is an important combination to achieve high performance. The number of CCs for this test needs further discussion. Functionally, the UE is supposed to support 256QAM over all CCs, so MCS can be pushed up to 256QAM in all CCs at a same time. However, this is only functional views, which is already tested in SDR tests. In terms of performance-wise, we ask how much practical all max N CCs is operated with 256QAM. We think that the max number of CCs with 256QAM assumption.
Proposal 6 : We agree to needs of  256QAM+ CA+low layer test. 2RX and 4RX tests are specifically considered as below :

· For 4-RX, take TM4 8.10.1.1.4 (FDD), 8.10.1.2.4 (TDD) with 256QAM as reference test
· Consider up to 2-CA

In fact, as bullets (v) and (vi), SDR CA tests should be specified in Rel-14 with high priority, so 4-RX + CA function will be tested with maximum data rate, and the SDR+CA test will cover functional CA tests. 

Proposal 7 : SDR CA tests with high layer need to be specified in Rel-14 with high priority.
Additionally, for 4-RX CA performance requirement, we propose to specifically discuss about performance margin from receiver RF impairments. In RAN4 room, each company brings their own RF impairment margin, but UE venders may have to become more conservative. When designing AP2 and AP3, we assume that RF design at AP2 and AP3 may not be same as AP0 and AP1. Usage of AP2 and AP3 is limited to 4-RX AP usecase, UE venders can consider various design factors of AP2 and AP3 such as RF cost and power consumption. We have found similar 4-RX RF consideration in [4]. Depending on market demand, 4-RX AP2 and AP3 can be designed with different RF performance from AP0 and AP1.  
Observation 2 : Depending on market demand, 4-RX AP2 and AP3 can be designed with different RF performance from AP0 and AP1.  Especially in the CA case, inter-frequency interference rejection performance can be different per an AP, RF implement margin must be more carefully decided.
3. Conclusions

In this contribution, we provide proposals on 2RX/4RX+CA WI initiation. 
      [Extend existing CA from 2RX to 4RX ]
Proposal 1 : Rel-13 2-RX AP CA tests are already applicable to 4-RX AP tests. Clarify RAN4 further work to CA tests extension from 2X to 4RX tests. 

      [2RX and/or 4RX tests + MMSE-IRC]

Proposal 2 : Take TM3 CA test configurations and extend with 2RX/4RX MMSE-IRC with one TM3 interference cell as Table 1.

Proposal 3 : Take TM9 MMSE-IRC test configuration and extend with CA Table 1.

Table 1 : 2RX/4RX + IRC + CA performance test candidates
	
	Reference legacy test
	Max N-CA extension

	2RX+IRC+CA

extension
	8.2.1.3.1    (TM3 CA test FDD),         8.2.2.3.1   (TDD)
	N <= 5

	
	8.3.1.1A    (TM9, Type-A test FDD), 8.3.2.1B    (TDD)
	N <= 5

	4RX+IRC+CA

extension
	8.10.1.1.2
 (TM3 CA test FDD),         8.10.1.2.2  (TDD)
	N <= 2

	
	8.10.1.1.5  (TM9, Type-A test FDD), 8.10.1.2.5  (TDD)
	N <= 2


Proposal 4 : MMSE-IRC + CA does not need to be tested under all bandwidth combinations configurations. A test application rule is to select one max aggregated bandwidth and apply a single test in each CRS-TM and DMRS-TM.

       [4Rx with 3 and 4 layers + CA ]

Observation 1 : The Rel-13 high layer performance tests have been introduced with functional testing view. RAN4 has observed that the UE will push up constellation order firstly effectively to get high data rate rather than push up rank. 16QAM+high layer is to test a 4RX-UE functionally on high layer support.
Proposal 5 : Consider CA + high layer tests with two options below :

· Option 1 : Extend the performance tests to CA based on Rel-13 testcase sets with MMSE-MRC in straight-forward manner.

· Option 2 : Study further high layer performance and usecase in a single CC through 4-RX+SU-MIMO WI and extend higher layer + CA with advanced RX in a later release.

[4Rx +256QAM +CA]
Proposal 6 : We agree to needs of  256QAM+ CA+low layer test. 2RX and 4RX tests are specifically considered as below :

· For 4-RX, take TM4 8.10.1.1.4 (FDD), 8.10.1.2.4 (TDD) with 256QAM as reference test
· Consider up to 2-CA

Proposal 7 : SDR CA tests with high layer need to be specified in Rel-14 with high priority.
Observation 2 : Depending on market demand, 4-RX AP2 and AP3 can be designed with different RF performance from AP0 and AP1.  Especially in the CA case, inter-frequency interference rejection performance can be different per an AP, RF implement margin must be more carefully decided.
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