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1	Introduction
Based upon the agreement from RAN4 #76, all 2RX tests (RRM, RLM, Demod, CSI) which test features supported by a 4RX UE need to be verified by the 4RX UE unless the 4RX applicability rules indicate that they do not need to be verified [1]. In RAN4 #76Bis, the applicability rules and antenna connection of 2RX tests for 4RX capable UEs have been discussed, and the following agreement has been captured in Ad Hoc meeting minutes [2], that is,
	Antenna connection options are:
· 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.
Interested companies are invited to bring more inputs in next meeting. For option 2, impact to example 2RX test cases may be used to provide the further input.
RLM requirements are not updated with 4Rx and the core part of the 4RX WI can be concluded.
Understanding is that core requirements are generic, so Qin & Qout BLER is consistent with the number of AP used by the UE for decoding. 
How to apply the existing 2Rx RLM tests to 4Rx capable UEs with should be handled in a general way together with other RRM, UE demodulation and CSI tests in the performance part of the 4Rx WI.



During RAN4 #77, the following agreement has been captured in Ad Hoc meeting minutes [3], i.e., 
	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.



With CR approved for applicability rule for 2RX legacy RRM/RLM tests (for both type-1 and type-2 UEs) and legacy 2RX Demod /CSI test only for type-1 UEs, there is still no conclusion for Demod/CSI test applicability rule for type-2 UEs and type-1 UEs with CA/DC configurations on 4RX band. 
Based on the discussion in RAN4#79, the existing antenna connection options are summarized [4]:
•	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: For no interfering cell tests
•	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 [XdB] lower SNR.
•	Option 5: Similar to Option 4 but with certain SNR tightening only for AP3 and AP4.
•	Option 6: Similar to Option 2 but with certain SNR tightening for AP3 and AP4.
•	Other Option: Test mode for any tests in 4Rx band.
In this paper, we would like to provide our analysis and views on this issue. 
2 [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Theoretical Analysis on Option 5 for MMSE Rx
Theoretically, for the original version of Option 4, proposed in [5], it has been proved that theoretically 3dB can be tightened for the original test point (given perfect channel estimation). Furthermore, during RAN4 #79, we have provided the theoretical analysis for Option 5 (i.e., the version with SNR tightening for only AP3 and AP4). Because we can let the attenuation factor X is 0dB for Option 5, and the corresponding results can also be applied for Option 4, we only need to take care of Option 5 in the following analysis. 
Although the conclusion has already been provided in [4], we would like to use the other format of MMSE weight filter to make the analysis comparable to the counterpart with explicit interference in Section 3.
[image: ]
Figure 2.1: Illustration of antenna connection option 5 (without interference) 

The received signal for 2RX can be expressed as







where  is the frequency channel response,  is the precoding vector,  is the transmit signal and both elements of  are the complex Gaussian noise with zero mean and  variance, with N Tx antenna and L layers assumed. This expression can be rewritten as




where  is the effective channel response. So the MMSE weight filter  can be written as


in which the last equation is obtained by using the well-known Woodbury matrix identity, i.e., 


Then, the equalized signal can be derived as



For new 4RX connection method (with power attenuation factor α2 ), the received signal can be expressed as



where n1 and n2 are 2-by-1 vectors with elements being the complex Gaussian noise with zero mean and variance. For this case, the MMSE weight filter can be expressed as


Then the equalized signal for 4Rx connection method mentioned above is




Since the elements within n1 and n2 are the complex Gaussian noise with zero mean and variance, we assume a new random variable , the above detection performance will be equivalent to


In other words, Theoretically for MMSE receiver with perfect CE, the performance with 4RX connection method Option 5 applied (with power attenuation factor α2 on AP3 and AP4) will be equivalent to legacy 2RX connection method with noise power attenuated by 1+α2.

· Observation 1: Theoretically for MMSE receiver with perfect CE, the performance with 4RX connection method Option 5 applied (with power attenuation factor α2 on AP3 and AP4) will be equivalent to legacy 2RX connection method with noise power attenuated by 1+α2.

3 Theoretical Analysis on Option 5 for MMSE-IRC Rx 

For the test case to verify Type-A receiver (MMSE-IRC), explicit interference is applied during the test procedure. During the offline discussion, the following extension is proposed for Option 5, in which the explicit interference signals are also fed as the useful signal, as the following figure: 
[image: ]
Figure 3.1: Illustration of antenna connection option 5 (with interference) 

By assuming MMSE-IRC receiver utilized in UE side, for the original 2RX test configuration, the received signal can be expressed as







where in addition to the definitions mentioned above,  is the frequency channel response ,  is the precoding vector,  is the transmit signal and both elements of  are the complex Gaussian noise with zero mean and  variance, with Ninf Tx antenna and Linf layers assumed for interfering signal. Similar to Section 2, this expression can be rewritten as




where  is the effective channel response for interfering signal. So the MMSE-IRC weight filter  can be written as


in which the last equation is also obtained by using Woodbury matrix identity. Then, equalized signal can be derived as



For new 4RX connection method (with power attenuation factor α2 ), the received signal can be expressed as

.
For this case, the MMSE weight filter can be expressed as

in which Woodbury matrix identity is also applied similar to 2RX case. For rewriting the expression with simplicity, we define


Hence the above MMSE weight filter can be derived as


It can be observed that for MMSE-IRC filter follows similar relationship with 2RX case filter, just like MMSE receiver case. Then the equalized signal for 4Rx connection method mentioned above is




Similar to the analysis for MMSE receiver, since the elements within n1 and n2 are the complex Gaussian noise with zero mean and variance, we assume a new random variable , the same detection performance will be equivalent to


Hence, even with the covariance matrix being constructed with correlated interference signal, similar observation can be reached for MMSE-IRC receiver: theoretically given perfect CE, the performance with 4RX connection method Option 5 applied (with power attenuation factor α2 on AP3 and AP4) will be equivalent to legacy 2RX connection method with noise power attenuated by 1+α2. 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 2: Even with the covariance matrix being constructed with correlated interference signal, similar observation can be reached for MMSE-IRC receiver: theoretically given perfect CE, the performance with 4RX connection method Option 5 applied (with power attenuation factor α2 on AP3 and AP4) will be equivalent to legacy 2RX connection method with noise power attenuated by 1+α2.

For both MMSE and MMSE-IRC receiver, the relationship between attenuation factor to apply to AP3 and AP4 in Option 5 and SNR increased level can be derived based on the above analysis: 
	Attenuation factor 
(X =α2) in dB
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	SNR increase level in dB
	3.01
	2.53
	2.12
	1.75
	1.45
	1.19
	0.97
	0.79
	0.64
	0.52
	0.41


It should be noted that the impact of CE is not considered in the above analysis, and the performance will be degraded on attenuated two branches especially when attenuation factor is large, and then the introduced loss should be compensated by higher SNR level.

· Observation 3: Theoretically with perfect CE, for both MMSE and MMSE-IRC receiver, the relationship between attenuation factor to apply to AP3 and AP4 in Option 5 and SNR increased level can be derived based on the above analysis:
	Attenuation factor 
(X =α2) in dB
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	SNR increase level in dB
	3.01
	2.53
	2.12
	1.75
	1.45
	1.19
	0.97
	0.79
	0.64
	0.52
	0.41



4 Theoretical Analysis on Option 4 
Although the above analysis (for both MMSE and MMSE-IRC receiver) focuses on Option 5, the theoretical results can be easily extended to Option 4. 
Taking MMSE receiver’s result for instance, if the original test case’s SNR point is decreased by β2  = Y dB  (i.e., the noise power is increased byβ2 or Y dB), after passing the MMSE filtering, the same detection performance will be achieved as the following expression:



where new random variable . Similar observation can be reached for MMSE-IRC receiver. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Therefore, Theoretically for Option 4 with perfect CE, the performance impact of additional two signal inputs at AP3 and AP4 will be equivalent to decreasing noise level by 3dB for original 2RX antenna connection. More importantly, this conclusion can be applied to both MMSE and MMSE-IRC receivers. 
· Observation 4: Theoretically for Option 4 with perfect CE, the performance impact of additional two signal inputs at AP3 and AP4 will be equivalent to decreasing noise level by 3dB for original 2RX antenna connection. More importantly, this conclusion can be applied to both MMSE and MMSE-IRC receivers.

5 Simulation results on Option 5
In this section, we select two typical legacy 2RX test cases to verify the antenna connection Option 5, and also to choose a proper level of attenuation.  
Specifically, the following tests are selected:
· Test 8.2.1.4.1 (Test1): 	TM4, EVA5, 2x2Low, 
· [bookmark: OLE_LINK67][bookmark: OLE_LINK68]Test 8.2.1.2.4: 		TM2, EVA70, 2x2Low
The detailed simulation results can be found in the following figures respectively. 

As illustrated in Fig. 5.1, it should be noted that for the test case without interference present (Test 8.2.1.4.1 (Test1): TM4, EVA5, 2x2Low), the performance improvement by using option 5 with X dB attenuation on two paths matches the theoretical analysis in above Section 2 very well. Specifically, around 2.5dB improvement can be observed for Option 5 with X=0dB attenuation, while the performance degradation from theoretical analysis can be explained by the mismatch introduced by channel estimation and other practical estimation. By increasing the level of attenuation, the achievable performance is degraded quickly. 

[image: ]
Figure 5.1: Simulation Results for Test 8.2.1.4.1 with antenna connection option 5, with different attenuation levels

For the MMSE-IRC receiver to handle intercell interference, as illustrated in Fig. 5.2 for Test 8.2.1.2.4 (TM2, EVA70, 2x2Low), the performance improvement by using option 5 with X dB attenuation on two paths is lower than theoretical analysis provided in Section 3. Specifically, around 0.5dB improvement can be observed for Option 5 with X=0dB attenuation, while the performance degradation from theoretical analysis can be explained by the mismatch introduced by channel estimation and other practical estimation, due to the difficulty introduced by intercell interference. 

[image: ]
Figure 5.2: Simulation Results for Test 8.2.1.2.4 with antenna connection option 5, with different attenuation levels
For Option 5, based on the above simulation results, if we follow the principle that the 4RX antenna connection of option 5 should have better performance than the legacy 2RX test setup for both MMSE and MMSE-IRC receivers, 1.5dB attenuation is a tentative choice. 
Furthermore, if we compare the option 4 and option 5, the pros and cons of both options can be summarized as below:
	
	Option 4
	Option 5

	Pros
	Easier to be set up for practical test.
	- Implicit robustness test for input signal with power imbalance;
- The same SNR test point for legacy test cases maintained for AP1 and AP2. 

	Cons
	- Original SNR test points are modified with X dB tighten (X should be less than 3dB), and it means the new test point is utilized. 
	N/A



Hence, based on above analysis, the following proposal can be reached:
· Proposal 1: Use Option 5 for test cases designed for MMSE and MMSE-IRC receivers, with X=1.5dB. 

6 Legacy Test Cases for Other Advanced Receivers
For test cases designed for other advance receivers (such as NAICS and SU-MIMO), because RAN4 has not achieved the consensus that 4RX + these advanced receiver types should be simultaneously supported, then we should only assume that 2RX + advanced receiver is utilized. The both Option 4 and Option 5 mean that UE should have the competence of selecting the proper RX antennas. Then we propose to follow Option 2 for advanced receivers other than Type-A.  
· Proposal 2: Use Option 2 for legacy test cases designed for advanced receivers other than MMSE-IRC Type A receiver. 

7 Conclusion
In this contribution, we provide our viewpoints and technical analysis on the topic of applying legacy 2RX test cases for 4RX band. Specifically, the following observations are provided:
· Observation 1: Theoretically for MMSE receiver with perfect CE, the performance with 4RX connection method Option 5 applied (with power attenuation factor α2 on AP3 and AP4) will be equivalent to legacy 2RX connection method with noise power attenuated by 1+α2.
· Observation 2: Even with the covariance matrix being constructed with correlated interference signal, similar observation can be reached for MMSE-IRC receiver: theoretically given perfect CE, the performance with 4RX connection method Option 5 applied (with power attenuation factor α2 on AP3 and AP4) will be equivalent to legacy 2RX connection method with noise power attenuated by 1+α2.
· Observation 3: Theoretically with perfect CE, for both MMSE and MMSE-IRC receiver, the relationship between attenuation factor to apply to AP3 and AP4 in Option 5 and SNR increased level can be derived based on the above analysis:
	· Attenuation factor 
(X =α2) in dB
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	SNR increase level in dB
	3.01
	2.53
	2.12
	1.75
	1.45
	1.19
	0.97
	0.79
	0.64
	0.52
	0.41


· Observation 4: Theoretically for Option 4 with perfect CE, the performance impact of additional two signal inputs at AP3 and AP4 will be equivalent to decreasing noise level by 3dB for original 2RX antenna connection. More importantly, this conclusion can be applied to both MMSE and MMSE-IRC receivers.
which help us to reach the following proposals:
· Proposal 1: Use Option 5 for test cases designed for MMSE and MMSE-IRC receivers, with X=1.5dB. 
· Proposal 2: Use Option 2 for legacy test cases designed for advanced receivers other than MMSE-IRC Type A receiver. 
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