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1. Introduction

During the RAN4#63AH meeting, the agreements on the simulation assumptions for the LTE UE advanced receiver modeling were reached and summarized in [1]. In this contribution we share our views on the testing metrics and performance requirements for LTE UEs equipped with advanced receivers. In addition we provide the summary of FDD link-level evaluations for both advanced receivers with interference rejection capabilities and baseline receivers which do not have such capabilities.

2. Simulation Assumptions
The used link-level simulation assumptions follow the agreements in [2]. The following assumptions on the advanced and baseline receivers design are considered:

· Advanced receiver:
· LMMSE-IRC receiver with generic form of the interference covariance matrix estimate.
· CRS based interference covariance matrix estimation for Test 1 (TM2), Test 2 (TM6) and DM-RS based estimation for Test 3 (TM9).
· Baseline receiver:
· Both LMMSE and LMMSE-MRC receivers are considered [3]. The LMMSE receiver uses interference covariance matrix estimate with an identity matrix form (i.e. with interference averaging across receive antennas) and for the LMMSE-MRC receiver the interference covariance matrix has a diagonal form.
· CRS based interference covariance matrix estimation.
Both advanced and baseline receivers use narrowband (1 PRB) interference covariance matrix averaging in frequency domain and single subframe time domain averaging.

3. Discussion on Test Requirements
3.1. Baseline Test Requirements
Based on the RAN4#63AH meeting agreements [1] the following test metrics should be considered to define performance requirements for LTE UEs having advanced receivers:

· Option 1 (baseline). Test point at [70%] relative throughput, requirement in terms of maximum G at test point;
· Option 2. Test point at target geometry (Test 1 & 3: G=-2.5dB; Test 2: G=0dB), requirement in terms of minimum achieved relative throughput.
Both Option 1 and 2 test requirements are based on the measurement of the absolute performance values. The recent simulation results from multiple companies indicated that for the given test conditions the difference between the advanced and baseline receiver performance is relatively small. Therefore it may be eventually possible that even the baseline receiver can pass the new requirements developed for the advanced receivers. It is also important to note that the way the advanced receiver is implemented is vendor specific and depending on the algorithms used by different vendors for estimation of interference covariance matrices the performance results may be also quite diverse. This fact was partially confirmed by the large spread of link level evaluation results submitted by companies for the previous RAN4 meetings. So given these observations several concerns on the feasibility of the Option 1 and 2 approaches were raised during the previous RAN4 meeting.
In this contribution in Section 4.1 we verify these concerns by link level analysis and draw our conclusions and recommendations.

3.2. Alternative Test Requirements
To overcome the described potential drawback of the Option 1 and Option 2 approaches an alternative Option 3 test requirement methodology which focuses on evaluation of interference rejection capabilities only was proposed in [4] and [5]. This methodology was discussed during the RAN4#63AH and it was agreed that additional tests are FFS and interested companies are encouraged to investigate the Option 3 approach for advanced receivers.
The basic idea behind the Option 3 approach is to measure the relative performance of the advanced receiver in the environment with explicitly modeled interference (explicit interference environment) and in the environment without explicitly modeled interference (AWGN environment). In the AWGN environment the interfering cells are not explicitly modeled and are replaced with the AWGN, which cannot be cancelled by space-time processing due to its white nature over spatial domain. On the other hand, in the explicitly modeled interference environment the interfering cells are modeled in accordance with the agreed DIP profiles and the advanced receiver should show better performances. This approach would allow checking interference rejection capabilities of advanced receivers.
The considered Option 3 approach defines relative performance requirements only (i.e. relative to the AWGN environment). In practice the absolute requirements are also needed to verify advanced receiver absolute demodulation performance. However by default it is assumed that the advanced receiver needs to pass all the existing legacy demodulation tests defined for the baseline receiver and they may be used to verify its performance in the AWGN environment.
Observation:
If Option 3 based methodology is adopted for advanced receivers, the legacy receiver demodulation tests may be used to verify the absolute performance in the AWGN channel.
In general there may be several ways to specify test requirements for Option 3 methodology:
· Option 3a: Use the ratio of absolute throughput values in explicit and AWGN interference environments at the fixed geometry G (e.g. 0 or -2.5 dB) as the performance requirement metric (similar to the approach proposed in [4] and [5]);
· Option 3b: Use the ratio of absolute throughput values in explicit and AWGN interference environments at the geometry G, where G is the geometry where 70% throughput is reached in the AWGN interference environment;

· Option 3c: Use the difference of absolute geometry values in explicit and AWGN interference environments at the fixed throughput T (e.g. 70%) as the performance requirement metric.
Observation:
If Option 3 based methodology is adopted there may be several alternatives for test metric definition and the agreement on the exact metric needs to be reached.
When comparing the demodulation performance of advanced and baseline receivers in the explicit and AWGN interference environments there are some factors which need to be taken into account:
· Depending on implementation the advanced LMMSE-IRC receiver may show slightly worse performance in the AWGN environment than the baseline receiver since the latter one better fits white spatial interference conditions and does not try to cancel the spatial interference (i.e. non-diagonal elements are zeros by default and thus no additional error is introduced during equalization).
· Frequency granularity of the interference covariance matrix estimation may also lead to different effects in different interference environments. In the AWGN environment the wideband estimation of the interference covariance matrix may result in a better performance comparing to the narrowband estimation. On the other hand, in the explicit interference environment the narrowband estimation may benefit from the frequency selectivity of interference signal while it may suffer from the less accurate estimation.
· Different approaches for interference covariance matrix representation for the baseline receiver may be used in general (i.e. LMMSE and LMMSE-MRC receivers) and it may affect the performance in both AWGN and explicit interference environments. When the interference covariance matrix estimate is represented as the diagonal matrix with different diagonal elements, the baseline receiver may have better performance in the explicit interference environment than in the AWGN since it exploits the additional information on the received interference power at different receive antennas. At the same time the baseline receiver based on the identity interference covariance matrix estimate may be more advantageous in the AWGN than in the explicit interference environment.
Observation:
Depending on implementation the advanced and baseline receivers may show slightly different performance in the AWGN environment. Depending on implementation the performance of baseline receiver may also differ in the explicit and AWGN interference environments.
4. FDD Simulation Results
4.1. Baseline Test Requirements
The summary of link-level simulation results for Option 1 and 2 is given in Tables 1 and 2, respectively. The results are provided for both advanced and baseline receivers and do not include implementation margins.

Table 1: Option 1 – Geometry at 70% target throughput
	Test description
	Geometry, dB
	Geometry difference vs. advanced receiver, dB

	
	Advanced LMMSE-IRC receiver
	Baseline receiver
	

	
	
	LMMSE-MRC
	LMMSE
	LMMSE-MRC
	LMMSE

	Test 1 MCS06
	-3.30
	-2.56
	-2.22
	0.74
	1.08

	Test 1 MCS07
	-1.96
	-1.34
	-0.97
	0.62
	1.00

	Test 2 MCS10
	-1.65
	-0.60
	-0.17
	1.05
	1.48

	Test 2 MCS11
	-1.15
	-0.08
	0.29
	1.06
	1.43

	Test 2 MCS12
	-0.31
	0.62
	1.04
	0.92
	1.35

	Test 3 MCS07
	-2.60
	-2.06
	-1.72
	0.54
	0.88


Table 2: Option 2 – Relative throughput at target geometry G
	Test description
	Relative throughput
	Relative throughput difference vs. advanced receiver

	
	Advanced LMMSE-IRC receiver
	Baseline receiver
	

	
	
	LMMSE-MRC
	LMMSE
	LMMSE-MRC
	LMMSE

	Test 1 MCS06 (G = -2.5 dB)
	82.0%
	70.9%
	65.5%
	11.2%
	16.6%

	Test 1 MCS07 (G = -2.5 dB)
	62.1%
	56.6%
	53.7%
	5.5%
	8.4%

	Test 2 MCS10 (G = 0 dB)
	88.5%
	77.9%
	71.9%
	10.6%
	16.6%

	Test 2 MCS11 (G = 0 dB)
	84.0%
	71.0%
	65.9%
	13.0%
	18.1%

	Test 2 MCS12 (G = 0 dB)
	73.2%
	63.1%
	59.5%
	10.1%
	13.8%

	Test 3 MCS07 (G = -2.5 dB)
	71.6%
	64.8%
	59.4%
	6.8%
	12.2%


Based on the analysis of the link-level simulation results presented in Tables 1-2 we have made the following observations:
Observations:
· In case of using the Option 1 test requirements methodology the difference between the performance of the advanced and baseline receivers in terms of the geometry at 70% target throughput is 0.5 – 1.1 dB for the LMMSE-MRC baseline receiver and 0.9 – 1.5 dB for the LMMSE baseline receiver.

· In case of using the Option 2 test requirements methodology the difference between the performance of the advanced and baseline receivers in terms of the relative throughput at target geometry G is 5.5 – 13.0% for the LMMSE-MRC baseline receiver and 8.4-18.1% for the LMMSE baseline receiver.

The provided link-level simulation results indicate that in case of using the Option 1 or Option 2 methodology the difference between the advanced and baseline receiver performance is relatively small, and especially in case of using LMMSE-MRC baseline receiver. To derive the performance requirement for Option 1, RAN4 typically averages the impairment results from different companies and adds additional implementation margin. If we apply the implementation margin of 0.5 dB for the QPSK modulation and 0.8 dB for the QAM16 modulation the performance requirement point for Option 1 metric will be shifted (see Table 3). In this case the difference between the advanced receiver requirement and the potential baseline receiver performance (i.e. without implementation margin) will be in the range from 0.04 to 0.27 dB. The reported geometry difference is small to differentiate the advanced and baseline receivers.
Table 3: The difference between the advanced and baseline receiver performance for the Option 1 metric
	Test description
	Geometry, dB
	Geometry difference, dB

	
	Advanced receiver with implementation margin
	Baseline LMMSE-MRC receiver without implementation margin
	

	Test 1 MCS06
	-2.80
	-2.56
	0.24

	Test 1 MCS07
	-1.46
	-1.34
	0.12

	Test 2 MCS10
	-0.85
	-0.60
	0.25

	Test 2 MCS11
	-0.35
	-0.08
	0.27

	Test 2 MCS12
	0.49
	0.62
	0.13

	Test 3 MCS07
	-2.10
	-2.06
	0.04


Furthermore the results from different companies submitted for the RAN4 63AH meeting are rather diverse [6]. For example for Option 1 Test 1 MCS6 the average geometry is equal to -3.08 dB while the results spread is equal to 1.78 dB. The large divergence of the results makes it problematic to set up the requirements for the advanced receiver and guarantee that the baseline receiver will not pass them.
Observation:
Relatively small absolute performance difference between advanced and baseline receivers may not guarantee that the baseline receiver will not pass the minimum performance requirements defined for advanced receiver in case of using Option 1 and Option 2 metrics.
4.2. Alternative Test Requirements
The results for the Option 3a, 3b and 3c test requirements are given in Tables 4, 5 and 6, respectively. The results are provided for both advanced and baseline receivers and do not include implementation margins.

Table 4: Option 3a – Ratio of absolute throughput values in explicit and AWGN interference environments at the fixed geometry G
	Test description
	Throughput gain vs. AWGN channel

	
	Advanced LMMSE-IRC receiver
	Baseline LMMSE-MRC receiver
	Baseline LMMSE receiver

	Test 1 MCS06 (G = -2.5 dB)
	1.38
	1.15
	1.02

	Test 1 MCS07 (G = -2.5 dB)
	1.28
	1.14
	1.07

	Test 2 MCS10 (G = 0 dB)
	1.40
	1.18
	1.07

	Test 2 MCS11 (G = 0 dB)
	1.49
	1.13
	1.04

	Test 2 MCS12 (G = 0 dB)
	1.49
	1.29
	1.14

	Test 3 MCS07 (G = -2.5 dB)
	1.29
	1.07
	0.92


Table 5: Option 3b – Ratio of absolute throughput values in explicit and AWGN interference environments at geometry G point where 70% throughput is reached in the AWGN interference environment
	Test description
	Throughput gain vs. AWGN channel

	
	Advanced LMMSE-IRC receiver
	Baseline LMMSE-MRC receiver
	Baseline LMMSE receiver

	Test 1 MCS06
	1.30
	1.13
	1.02

	Test 1 MCS07
	1.26
	1.11
	1.03

	Test 2 MCS10
	1.31
	1.16
	1.06

	Test 2 MCS11
	1.32
	1.14
	1.06

	Test 2 MCS12
	1.32
	1.16
	1.06

	Test 3 MCS07
	1.21
	1.06
	0.84


Table 6: Option 3c – Geometry gains for explicitly modeled interference compared to AWGN only at 70% throughput 
	Test description
	Geometry gain vs. AWGN channel, dB

	
	Advanced LMMSE-IRC receiver
	Baseline LMMSE-MRC receiver
	Baseline LMMSE receiver

	Test 1 MCS06
	1.58
	0.66
	0.09

	Test 1 MCS07
	1.40
	0.59
	0.12

	Test 2 MCS10
	2.20
	0.88
	0.37

	Test 2 MCS11
	2.11
	0.66
	0.25

	Test 2 MCS12
	2.17
	1.07
	0.39

	Test 3 MCS07
	1.16
	0.11
	-0.33


Based on the analysis of the link-level simulation results for Option 3 based methodology presented in Tables 3-5 we have made the following observation:
Observation:
Using Option 3 methodology the relative difference between the performance of the advanced and baseline receivers is more noticeable comparing to Option 1 and Option 2 methodologies and thus it is more preferable for identification of IRC capabilities.
5. Conclusions
In this contribution we provided the results of the link-level evaluation of the advanced receiver performance and compare it to the performance of the baseline receiver according to the agreed simulation assumptions [1], [2]. The simulation results are provided for various test requirements approaches.
Finally, based on the analysis of the presented results we come up with the following proposals:
Proposal 1:
Narrow down the list of demodulation requirements tests for advanced receivers and select the following list of FDD tests: Test 1 MCS 6, Test 2 MCS 10, and Test 3 MCS 7.
Proposal 2:
Consider using relative demodulation performance in the explicit and AWGN interference environments to define performance requirements for the advanced IRC receiver. Furthermore we suggest to:
· Focus at Option 3b test requirements metric;

· Rely on the legacy demodulation tests to verify the absolute performance of advanced receivers in the AWGN environment.
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