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1. Introduction
RAN4 has finalized 4-RX UE WI with application rules, test methods and performance requirement adjustment. Most of the legacy tests are covered by the decision with revised performance requirement, however SDR tests and advanced receiver tests discussions are deferred to Rel-14. In this contribution, we check the Rel-13 4-RX AP test scope again and provide additional input on the Rel-13 tests captured in [1].
2. Summary of Rel-13 Test scope
The remained issues of 4-RX AP WI are overviewed. RAN4 has introduced performance testcases about basic 4-RX UE behaviours, we expect further numerous scopes of 4-RX UE function and performances will be added in next releases. Although RAN4 tried best to cover basic UE functional and performance tests such as SDR and CA tests, several key tests are still open as remained issues. We RAN Plenary study report has captured the open issues in [2] as
The remaining issues are listed below : 
(i)       Finalize SNR dB of performance requirement adjustment.  

(ii) Test coverage CSI tests for Type-2 (i.e.FB3-2,TM10, fading CH CQI tests for Tye-2 UE)
(iii) Additional 4-RX IRC test (TM2)
	
	
	4-RX Type-1 UE
	4-RX Type-2 UE 

	Single carrier tests with 2Rx

except
2-RX legacy advanced RX , Interference scenario tests


	2RX band
	· Coverage : Apply legacy 2-RX tests in Chapter 8,9 in TS36.101 except interference scenario tests

· AP connection in Figure 1.

· Same requirements specified for 2Rx UE
	· Coverage : Apply legacy 2-RX tests in Chapter 8,9 in TS36.101 except interference scenario tests

· AP connection in Figure 2.
· Tighten demod performance requirements specified for 2Rx UE 

· Tighten [1.5dB] in CRS TM tests

· Tighten [1dB] in DMRS TM tests

· Chapter 9 CSI test coverage is uncompleted. FFS (i.e.FB3-2,TM10, fading CH CQI tests)

	
	4RX
band
	· Apply Rel-13 4-RX UE demod, CSI tests*.


	· 

	2-RX legacy advanced RX , Interference scenario tests 

{IRC*, SU-MIMO,  feICIC, NAICS,
HomoNet CRS-IM, 
CC-IM }


	2RX band
	· Coverage : Apply legacy 2-RX interference scenario tests.

· AP connection in Figure 1 with interference-BS connection.

· Same requirements specified for 2Rx UE
	No 2RX legacy test 

	
	4RX
band
	· No 2RX legacy test
	

	2RX CA and DC demod tests 
(SDR and CA/DC demod performance)
	2RX band CA
	· Coverage : Apply legacy 2-RX tests in Chapter 8,9 in TS36.101 except interference scenario tests

· AP connection in Figure 1.

· Same requirements specified for 2Rx UE 
	· Coverage : Apply legacy CA and DC tests in Chapter 8.

· AP connection in Figure 2.

· Tighten performance requirement by [1]dB 

	
	4RX band CA
	· Coverage : Apply legacy CA and DC tests in Chapter 8.

· AP connection in Figure 2.

· Tighten performance requirement by [1]dB
	· 

	
	Mixed
AP band CA
	· Coverage : Apply legacy CA and DC tests in Chapter 8.

· AP connection in Figure 2.

· Tighten performance requirement by [1]dB in 4-RX band performances
	· 

	2RX CA and DC  CSI tests 
in Chapter 9
	2RX band CA
	· Coverage : Apply legacy CA and DC tests in Chapter 8.

· AP connection in Figure1.

· Same requirements specified for 2Rx UE
	· Coverage : Apply legacy CA and DC tests in Chapter 8.

· AP connection in Figure 2.

· Same requirements specified for 2Rx UE 

	
	4RX band CA
	· Coverage : Apply legacy CA and DC tests in Chapter 8.

· AP connection in Figure 2.

· Same requirements specified for 2Rx UE
	

	
	Mixed
AP band CA
	· Coverage : Apply legacy CA and DC tests in Chapter 8.

· AP connection in Figure 2.

· Adjust testing SNR point in PCell and SCell.
	


IRC* : 2-RX legacy RX tests are not applied to 4-RX AP UE. There are Rel-13 new 4-RX AP IRC tests (TM2, TM4, TM9) applicable to a 4-RX AP UE.

[image: image1]                    [image: image2.png]r—_,—é—‘ API
D! Splitter

e Noc

Faderl

Splitter
VAR
o, AP3
D
Splitter (N AP2
{} Splitter
NOC
VAR
P AP4

N,

oc




Figure 1 : AP connection for 2-RX APs                                 Figure 2 : AP connection for 4-RX APs
For 4-RX CA performance tests, 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 1 : 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.

Also, the 3dB performance margin from Figure 2 connection is an ideal gain. It assumes to be obtain when the UE combine signals at the paired APs with an equal ratio. In other words, the detector also has to estimate accurate channel and noise variances for the combining. Therefore it is hard to assume that the UE always expect 3dB gain regardless of channel condition in practice. 
Observation 2 : The 3dB performance margin from Figure 2 connection is an ideal gain. The detector also has to estimate accurate channel and noise variances. Therefore, it is hard to assume that the UE always expect 3dB gain regardless of channel condition in practice. 

From observation 1 and 2, we conclude that [1] dB tightening in the CA demod tests in Table 1 can be still challenging number as the minimum requirements. 
Proposal 1 : Take [1]dB reduction in CA tests. We prefer to set the [1]dB performance reduction to other Type-2 UE testcases.
Also, we found an additional problematic testcase of Figure antenna port connection. TM9 Test 8.3.1.1 #2 is a multi-user DMRS TM, in fact, it is regarded that the testing UE can apply LMMSE-IRC type of detection in the testcase. As attaching MMSE-IRC UE strategy in Test 8.3.1.1 #2  in Figure 3 results, our 4-RX UE has no problem in performance with normal antenna connection (blue curve), but the RAN4 artificial testing connection (red curve) makes no gain comparing to 2-RX AP UE performance. This is purely because of antenna port connection as illustrated in Figure 3, we propose to revise the TM9 Test 8.3.1.1 with options below. 

Proposal 2 : We found that the expected 3dB performance margin from the paired antenna port connection in testcase TM9 Test 8.3.1.1 #2 as Figure 3. We propose to (i) Option 1 : Introduce new 4-RX performance requirement or (ii) Option 2 : Apply the same legacy performance requirement without reduction. 
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Figure 3 : TM9 Test 8.3.1.1 #2

Also we provide TM2 IRC performance for the new test requirement.
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Figure 4 : TM2 Type-A UE performance (Test 8.2.1.2.4, 8.2.2.2.4)
3. Conclusions

In this contribution, we provide review and revision on the remaining issues of Rel-13 4RX AP UE WI. 
Observation 1 : 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.

Observation 2 : The 3dB performance margin from Figure 2 connection is an ideal gain. The detector also has to estimate accurate channel and noise variances. Therefore, it is hard to assume that the UE always expect 3dB gain regardless of channel condition in practice. 

Proposal 1 : Take [1]dB reduction in CA tests. We prefer to set the [1]dB performance reduction to other Type-2 UE testcases.
Proposal 2 : We found that the expected 3dB performance margin from the paired antenna port connection in testcase TM9 Test 8.3.1.1 #2 as Figure 3. We propose  
(i)       Option 1 : Introduce new 4-RX performance requirement  
(ii) Option 2 : Apply the same legacy performance requirement without reduction. 
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