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1. Introduction

In the last RAN4 meeting multiple agreements on the NAICS demodulation test cases were reached and are captured in the NAICS ad-hoc minutes and WF on NAICS performance [1-2]. In addition, a follow up RAN4 e-mail discussion on some of the remaining simulation assumptions was initiated and its summary is captured in [3].

In this contribution, we share our further views on the remaining details of NAICS demodulation test scenarios, interference models and associated NAICS receiver assumptions. In the companion paper [4] we provide detailed results of the link-level performance analysis for the agreed test cases.
2. Discussion
In the last RAN4 meeting and a follow-up e-mail discussion a super-set of candidate NAICS test scenarios was identified. The summary of the candidate test cases is provided in Table 1. Still many of the parameters were left undecided incl. MCS level, interference transmission parameters, interference profiles, etc. So, further discussion on those parameters is needed. 
Table 1. Candidate NAICS test cases
	Test
	TMs
	MCS
	Rank
	Ant

Config
	CRS pattern
	Test Objective

	1
	TM2/2/2
	Serv. cell: 8, 9

Interf. cell: 5, rand
	1 / 1 / 1
	2x2 low
	Colliding
	Gain

	2
	TM2/9/9
	Serv. cell: [5]

Interf. cell: rand
	1/rand/rand
	2x2 low
	Non-colliding
	Robustness

	3
	TM4/4/4
	Serv. cell: 8, 9

Interf. cell: 5, rand
	1 / 1 / 1

1 / rand / rand
	2x2 low
	Colliding
	Gain

	4
	TM4/9/9
	Serv. cell: 8, 9

Interf. cell: 5, rand
	1 / 1 / 1

1 / rand / rand
	2x2 low
	Colliding
	Gain

	5
	TM4/4/4
	Serv. cell: [5]

Interf. cell: rand
	1/rand/rand
	2x2 low
	Non-colliding
	Robustness

	6
	TM9/9/9
	Serv. cell: 8, 9

Interf. cell: 5, rand
	1 / 1 / 1

1 / rand / rand
	2x2 low
	Non-colliding
	Gain

	7
	TM9/4/4
	Serv. cell: [5]

Interf. cell: rand
	1/rand/rand
	2x2 low
	Non-colliding
	Robustness

	8
	TM9/3/3
	Serv. cell: [5]

Interf. cell: rand
	1/rand/rand
	2x2 low
	Non-colliding
	Robustness


2.1 Transmission modes and CRS patterns
Performance gain test cases

Based on the results of the performance analysis in [4], we confirm that the following test scenarios allow achieving performance gains over LMMSE-IRC:
Table 2. NAISC gain tests performance summary

	Test case
	Description
	NAICS gains over LMMSE-IRC

	Test case #1 
	TM2/2/2 with colliding CRS pattern
	from 2.5 to 3.8 dB

	Test case #3
	TM4/4/4 with colliding CRS pattern
	from 2.3 to 5.9 dB

	Test case #4
	TM4/9/9 with colliding CRS pattern
	from 1.7 to 5.3 dB

	Test case #6
	TM9/9/9 with non-colliding CRS pattern
	from 1.9 to 4.1 dB


Robustness test cases 
For the robustness test cases the simulation results in [4] confirm that in case using NAICS receivers without fallback the performance loss or limited performance gains can be achieved. Meanwhile, for the case of using fallback enabled NAICS receivers the performance is same or slightly better than for the LMMSE-IRC receiver. Given rather large amount of NAICS test cases, we think that there is no need to introduce all four. In our view the test cases #5 (TM4/TM4 with non-colliding CRS pattern) and #8 (TM9/TM3 with non-colliding CRS pattern) can be given larger priority. Furthermore, we would like to note that generally fallback activation for all considered test cases does not impose certain issues from the implementation perspective and can be enabled either in a semi-static or in a dynamic way. So, we think that performance test cases should be handled with the first priority and further discussion on the need for robustness test cases is required.

Proposal #1: Further down-select robustness test cases #5 and #8.
2.2 Interference power profiles
In the previous RAN4 meeting it was agreed to use High INR profile (NAICS Scenario 1, 40% RU, low SINR, 80%-tile CDF) for the Performance gain test cases. For the robustness tests, either Medium or Low INR profiles were suggested as potential candidates. In our view, to achieve good test coverage both profiles should be considered. Meanwhile, it is more important to guarantee that UE has reliable fallback under low INR conditions and this profile should be given a higher priority. So, we have the following suggestion on the INR profiles for the robustness test cases:
· Test case #2. TM2/TM9 with non-colliding CRS => Use Low INR

· Test case #5. TM4/TM4 with non-colliding CRS => Use Low INR

· Test case #7/8. TM9/TM4(or TM3) with non-colliding CRS => Use Medium INR

Proposal #2: The following interference profiles should be considered for the robustness NAICS tests:

· Low INR profile: Test cases #2, #5
· Medium INR: Test cases #7, #8

2.3 Non-colliding CRS-IC verification

Previously, the RAN4 has reached an agreement to verify NAICS receivers CRS-IC functionality performance for the scenarios with the DRMS based TMs in both serving and interfering cells. In our view, it is important to verify that UE applies both PDSCH-IS/IC and CRS-IC features simultaneously in the presence of the dominant PDSCH interferer. The Test case #6 can generally be considered as the most viable candidate for the verification that UE has such functionality. Below, we provide simulation results to compare the NAICS receivers performance in this scenario under assumption of using different receiver types:

1) Receiver #1: LMMSE-IRC + CRS-IC receiver

2) Receiver #2: NAICS PDSCH-IS/IC only receiver

3) Receiver #3: Full NAICS receiver with both PDSCH-IS/IC and CRS-IC functionality (Correct UE behaviour)
The analysis is provided for different serving cell MCS (MCS 5, 8, 9, and 14) and interference models (fixed QPSK interference, fixed 16QAM interference and randomized interference model). The simulation results summary is provided in Table 3. In Figures 1 and 2 we illustrate selected link level simulation results.
Table 3. Test case #6 PDSCH-IS/IC and CRS-IC efficiency 
	Serving cell MCS
	Interference cell MCS
	SINR @ 85% of Max Throughput, [dB]
	SINR gain over LMMSE-IRC, [dB]

	
	
	LMMSE-IRC
	Receiver #1
	Receiver #2
	Receiver #3
	Receiver #1
	Receiver #2
	Receiver #3

	MCS 5
	MCS5
	-3.6
	-4.7
	-6.1
	-7.6
	1.1
	2.5
	4.0

	
	MCS14
	-3.6
	-4.7
	-3.9
	-5.6
	1.1
	0.3
	2.0

	
	Randomized
	-2.8
	-3.8
	-3.1
	-5.1
	1.0
	0.3
	2.3

	MCS 8
	MCS5
	0.9
	-0.6
	-0.1
	-3.2
	1.5
	1.2
	4.1

	
	MCS14
	0.9
	-0.6
	0.8
	-0.9
	1.5
	0.1
	1.8

	
	Randomized
	1.9
	0.6
	1.4
	0.0
	1.3
	0.5
	1.9

	MCS 9
	MCS5
	2.5
	1.0
	1.5
	-0.6
	1.5
	1.0
	3.1

	
	MCS14
	2.5
	1.0
	2.4
	1.0
	1.5
	0.1
	1.5

	
	Randomized
	3.6
	2.4
	3.0
	1.7
	1.2
	0.6
	1.9

	MCS 14
	MCS5
	5.3
	4.6
	4.3
	3.4
	0.7
	1.0
	1.9

	
	MCS14
	5.3
	4.6
	5.2
	4.5
	0.7
	0.1
	0.8

	
	Randomized
	6.8
	6.0
	6.3
	5.2
	0.8
	0.5
	1.6
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	Figure 1. PDSCH throughput. Serving cell MCS 9. 
Interference cell – Randomized interference.
	Figure 2. PDSCH throughput. Serving cell MCS 9. 
Interference cell – MCS 5.


Observations:

· In case of using randomized interference model the largest portion of NAICS performance gains come from the non-colliding CRS-IC. The PDSCH-IS/IC only receiver gains do not exceed 1 dB which may be not enough for the reliable verification of corresponding UE functionality.
· In case of using fixed QPSK interference model using NAICS receiver with the PDSCH-IS/IC and CRS-IC functionality provides substantial performance gains over LMMSE-IRC + CRS-IC and NAICS PDSCH-IS/IC only receiver.

Based on these results we think that for the proper verification that UE has both PDSCH-IS/IC and CRS-IC the MCS 5 interference model needs to be adopted for the test case #6. For the serving cell, MCS 9 can be used.
Proposal #3: Use serving cell MCS 9 and fixed QPSK interference model for the test case #6.
2.4 Interference transmission parameters

In the previous meeting it was agreed to further study whether fixed QPSK based interference or randomized interference model should be used for the performance gain tests. Based on the results in [4], it can be seen that randomized interference model provides noticeable performance improvement on top of LMMSE-IRC receivers except for the test case # 6 (which is discussed in more details in the Section 2.3). The mentioned performance gains are lower comparing to the case of fixed QPSK interference, however they still allow reliable differentiation of NAICS implementations. Furthermore, the randomized model provides a more realistic abstraction of practical interference conditions and also allows verification that UE has per PRB pair blind detection granularity. Therefore, we recommend to use it for the test cases #1, #3 and #4.

Proposal #4: Use randomized interference model for the test cases #1, #3 and #4.
2.5 Test point selection
In the recent NAICS e-mail discussion it was identified that using low MCS levels (e.g. MCS 5) along with the 70% max throughput level test point for the NAICS test cases can result in potential RLF issues due to very low operating SINR. Several approaches were discussed including modification of the target throughput level and the serving cell MCS level change. In our view, to ensure RLF free conditions the SINR test point needs to have SINR ≥ -3dB. Based on the simulation results provided in the companion paper [4], we propose the following settings, which would allow achieving such SINR conditions, while still maintaining strong NAICS performance gains:

· Use serving cell MCS 9 for both performance gains and robustness test cases

· Use SNR (SINR) @ 85% of maximum throughput as the performance requirements test point

Proposal #5: Use serving cell MCS 9 for both performance gains and robustness test cases. Use 85% of maximum throughput as the performance requirements test point

2.6 Interference RAG 
The following agreements on the NAICS receivers blind detection granularity were previously reached:

· Interferer parameters granularity used for parameters blind detection

· Interferer parameters are assumed to have granularity of at least 1 PRB pair in frequency.

· RAN4 found benefit in complexity and performance if a larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signalled to UE without any impact on scheduling in the network.

Therefore, both single and multiple PRB pairs blind detection granularity were agreed to be included in the NAICS WI scope and can be used at the UE side depending on the higher-layer signalling. To ensure good NAICS feature test coverage, verification of this type of signalling should be included in some of the test cases. In particular, we think that the test cases should focus on the case of 1 PRB pair resource allocation granularity. Meanwhile, some test cases should also cover the case of multi-PRB interferer resource allocation and precoding granularity (e.g. 3 PRB pairs). 

As mentioned above, using several PRB pairs for blind detection offers “benefits in complexity and performance” and depending on the UE implementation either performance improvement or complexity/power savings can be achieved. Whether UE decides to improve the performance or to save power is completely an implementation choice and neither option should be precluded. In case UE prefers to use power saving, it should guarantee to have performance no worse than for the case of a single PRB blind detection. Thus, the requirements for the multi-PRB blind detection case need to be defined equal to the case of using a single PRB detection granularity.

During the NAICS e-mail discussion the randomized interference models for RAG = 1 and RAG = 3 were defined [3]. Below, we provide comparison on NAICS receivers performance for the two RAG models for the test cases 3 and 6 (Figure 3). For the RAG = 3 model, it is assumed that NAICS higher-layer signaling is used to inform UE on the interference cell RAG. Meanwhile, it is assumed that UE uses this information for the power saving purposes and does not attempt to improve the performance comparing to the RAG = 1 case. The simulation results show that similar to the RAG = 1 model, the model with RAG = 3 can be used to demonstrate NAICS performance gains over LMMSE-IRC  Furthermore, the absolute receiver performance in both cases in nearly identical due to aligned assumptions on the interference MCS and DTX statistics. Therefore, we suggest to define one of the NAICS performance test cases under assumption of using RAG =3 interference model and use of corresponding increased RAG NAICS HL signaling to inform UE on the interference parameters.
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	Figure 3. Randomized interference model (RAG = 1 vs RAG = 3)


Proposal #6: Define one of the NAICS performance test cases under assumption of using RAG =3 interference model along with NAICS HL signalling on the increased neighbouring cell resource allocation and precoding granularity.
2.7 Time/Frequency offsets

To verify that UE has correct implementation in terms of the interference signal time/frequency offsets estimation and compensation, realistic time and frequency offsets for the interference cell signals should be considered in the NAICS demodulation tests. In the last meeting several possible options of time/frequency offsets for the performance gains test cases were identified. The results of our performance analysis show that performance wise there is no noticeable difference between using 2us/200Hz or 3us/300Hz time/frequency offset settings in the first dominant interference cells. Meanwhile, it is also worthwhile to mention that the situations when the 1st dominant interference cell has larger timing offset (3us/300Hz) comparing to the 2nd dominant cell (2us/200Hz) are observed rather rarely. So, we suggest using 2us/200Hz configuration for the 1st dominant interferer. Similar settings can be used for the robustness tests. Furthermore, as agreed in the last meeting, for one of the test cases (e.g. test case 5) large time/frequency offset can be considered (5us/600Hz and -5us/-600Hz for the 1st and 2nd dominant interferers). The summary of our views on the tests parameters is provided in Table 4. 
Table 4. Time/frequency offset parameters

	Test type
	Interference cell #1
	Interference cell #2

	Performance gain test
	Test cases #1, #3, #4, #6
	2us/200Hz
	3us/300Hz

	Robustness tests
	Test cases #2, #7 (#8)
	2us/200Hz
	3us/300Hz

	
	Test case #5
	5us/600Hz
	-5us/-600Hz


Proposal #7: Use time/frequency offset parameters in Table 4 for the NAICS test cases.
2.8 Channel models

The majority of the previous RAN4 studies were conducted for the EPA5 channel model. To ensure NAICS receivers applicability in different propagation scenarios additional channel models need to be considered. For instance, ETU5 and EVA5 channel models can be used. In Figure 4 we illustrate the NAICS test case # 3 (TM4/4/4) and # 6 (TM9/9/9) performance for the case of using EPA5, EVA5, and ETU5 channel models. The simulation results show that NAICS receivers are capable to provide performance improvement under various channel propagation conditions. Therefore, we think that using non-EPA5 channel models for a subset of test cases would be helpful in a way to demonstrate NAICS performance feasibility is various scenarios.
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	TM4/TM4 with colliding CRS pattern. EPA-5Hz.
	TM9/TM9 with non-colliding CRS pattern. EPA-5Hz.
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	TM4/TM4 with colliding CRS pattern. EVA-5Hz.
	TM9/TM9 with non-colliding CRS pattern. EVA-5Hz.

	[image: image9.png]Throughput, Mops

—O— LWisEIRG ETUSHE

ind RML, ETU-SHz

14 12 10 8 6
SINR, dB




	[image: image10.png]Throughput, Mops

—O— LWSERC, ETUSHE

ind RML, ETU-SHz

14 12 10 8 6
SINR, dB





	TM4/TM4 with colliding CRS pattern. ETU-5Hz.
	TM9/TM9 with non-colliding CRS pattern. ETU-5Hz.

	Figure 4. Channel model impact. Serving MCS 8. Randomized interference model


Proposal #8: The EPA5 channel model is used as baseline. The NAICS test cases should also cover other channel models (e.g. ETU5 or EVA5).

2.9 ZP and NZP CSI-RS configurations

In the previous meeting it was agreed that for the NAICS test cases with DMRS-based TMs in the serving and interference cells two types of CSI-RS configurations should be considered – with and without mutual overlap of the neighbouring cells ZP and NZP CSI-RS. Furthermore, in the NAICS e-mail discussion two candidate ZP/NZP CSI-RS configurations were identified (see Table 5).

Table 5. ZP and NZP CSI-RS configurations
	Type \ Cell
	Cell 1
	Cell 2
	Cell 3

	Non-Overlapping
	NZP CSI-RS config 5
ZP CSI-RS config 0

TCSI-RS =10 and ∆CSI-RS =1
	NZP CSI-RS config 6

ZP CSI-RS config 0

TCSI-RS =10 and ∆CSI-RS =1
	NZP CSI-RS config 7

ZP CSI-RS config 2

TCSI-RS =10 and ∆CSI-RS =1

	Overlapping
	NZP CSI-RS config 5
ZP CSI-RS config 0

TCSI-RS =10 and ∆CSI-RS =1
	NZP CSI-RS config 0
ZP CSI-RS config 5

TCSI-RS =10 and ∆CSI-RS =1
	NZP CSI-RS config 10

ZP CSI-RS config 5

TCSI-RS =10 and ∆CSI-RS =1


We would like to note that typically from the deployment perspective the ZP CSI-RSs are used for the protection of the NZP CSI-RS transmissions in the neighbouring cells. In particular, the ZP CSI-RS resources usually overlap with the NZP CSI-RS in the neighbouring cells. So, the probability that serving cell PDSCH REs would overlap with the dominant interferer ZP or NZP CSI-RS should be rather low. Hence, we think that for the test case setup for the DMRS-based TMs scenarios it is reasonable to avoid such RE collisions.

Furthermore, as agreed on the WI Core part UE is not informed on the neighbouring cells ZP and NZP CSI-RS configurations and no special handling of the NZP/ZP CSI-RS interference is required. Below, in Figure 5 we provide the results of the comparison of the NAICS receivers performance in the two CSI-RS scenarios. The results are provided for all subframes and additionally we check the performance for the subframes with the CSI-RS only. From the average performance perspective, the impact of the CSI-RS ignorance is rather limited under assumption that CSI-RS periodicity is 10ms. Meanwhile, for the particular subframes with the CSI-RS transmissions the negative effect of non-overlapping CSI-RS can be somewhat larger (up to 1.4 dB). However, we would like to mention that the performance degradation comes completely from the misaligned interference structure assumptions in the PDSCH demodulation (i.e. UE applies demodulation processing under assumption of the PDSCH interference, while the actual interference comes from the NZP/ZP CSI-RS) and UE does not have information to avoid this.
	[image: image11.png]Throughput, Mbps

—0— LMMSE-IRC, overlap CSl cig
= O = LMMSE-IRC, non-overtap CS cfgR
—O— Bind RML, overiap CSl clg

= © = Bind RML, non-overlap CSl cfg

SINR, dB




All subframes
	[image: image12.png]07

05

Throughput, Mbps

01

—O— LMWSEIRC, overlap CSi cfg
= O = LMMSEIRC, non-overlap CS1 cfg
—O— Blind RAML, overlap CSl cig

= O = Blind RAML, non-overlap CS cfg

SINR, dB





CSI-RS subframes

	Figure 5. ZP and NZP CSI-RS configurations impact


In our view, the motivation to introduce non-overlapping CSI-RS configurations in NAICS test cases is questionable and it is not clear which exactly UE demodulation functions are expected to be tested. Therefore, we suggest using overlapping CSI-RS configurations for the NAICS test cases.

Proposal #9: For the DMRS-based TMs scenarios the ZP and NZP CSI RS are configured in a way to minimize overlap with the PDSCH.

2.10 Antenna configurations

The previous RAN4 WG studies were focused on the 2x2 antenna configuration scenario. No consensus was reached on the feasibility of the CRS-based PDSCH interference handling in case of 4 CRS APs. Meantime, the DMRS-based PDSCH interference handling in case of 4 TX antennas was agreed to be feasible. So, 2x2 and 4x2 antenna configurations should be considered for the tests for DMRS-based TMs and 2x2 configurations for the tests with CRS-based TMs. In addition it can be assumed that both serving and interference cells have same number of antennas. The NAICS test cases for the CRS-based TMs are already proposed to be defined for 2x2 antenna configurations. Meanwhile, in the DMRS-based TMs test case the 4x2 antennas configurations are not included. One of the possible approaches to define such test case would be to use 2x2 for FDD tests and 4x2 configuration for TDD.
Along with the number of TX antennas, it is important to specify the number of CRS APs. For the DMRS-based TM scenarios with 4 TX antennas either 2 or 4 CRS APs can be used. The latter scenario is less attractive from the practical perspective due to large RS overhead and therefore 2 CRS APs are recommended to be used.

Proposal #10: Define one test case for DMRS-based TMs with 4x2 antenna configurations and 2 CRS APs 

2.11 CFI and PDSCH starting symbol
In the recent NAICS e-mail discussion the following CFI and PDSCH starting symbol configurations were defined:

· Performance gain tests: 3 control OFDM symbols for the serving and interference cells
· Robustness tests: 3 control OFDM symbols for the serving cells and random number of control channel OFDM symbols (from 1 to 3) for the interference cells.
In our view, to completely characterize the scenarios the following parameters need to be captured: 1) serving / interference cell CFI, 2) whether PDSCH starting symbol follows CFI, and 3) serving / interference cell PDSCH staring symbol (if PDSCH does not follow CFI).
For the performance gain tests cases we agree with the parameters defined in the e-mail discussion and would like to suggest a number of clarifications as follows:

· Serving cell: CFI = 3, PDSCH starting symbol follows CFI

· Interference cell: CFI = 3, PDSCH starting symbol follows CFI

For the robustness test cases, UE is actually not forced to activate NAICS processing and is assumed to be able to fallback to the LMMSE-IRC in either dynamic or semi-static way. Meanwhile, the test cases still may be used to ensure that UE does not apply incorrect CFI detection in case PDSCH starting symbol does not follow CFI (e.g. serving cell CFI = 1, interference cell PDSCH starts in OFDM symbol 3 and does not follow CFI).

Proposal #11: The following CFI / PDSCH start parameters are used for the performance gains tests: 

· Serving cell: CFI = 3, PDSCH starting symbol follows CFI

· Interference cell: CFI = 3, PDSCH starting symbol follows CFI

2.12 PDCCH parameters 

As discussed in the previous meetings the erroneous PDCCH decoding might have noticeable impact on the NAICS performance in the low SINR conditions. In the previous RAN4 meetings the following agreements were reached with respect to this issue [1]:

· Assume perfect PDCCH decoding under medium and low interference level in simulations.

· Simulation under high interference level need to ensure the PDCCH impact to PDSCH is minimized (solution TBD).

As identified in the NAICS e-mail discussion, one of key reasons for the erroneous PDCCH decoding is relatively low SINR which can also result in the RLF. So, the NAICS test cases SNR test point was shifted to a higher SINR regions as described in Section 2.3.

Based on the results of our analysis for the test points suggested in the Section 2.3 NAICS performance the negative impact of the erroneous PDCCH decoding is reduced. In Figure 6 we illustrate the PDCCH decoding for the Test case #1 which has the lowest test point. It can be seen that for the 85% throughput level the overall impact of PDCCH decoding is minimal. Meantime, still to avoid probability of the PDCCH decoding errors it might be suggested to consider partial interferer PDCCH loading.
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	Figure 6. PDCCH impact analysis. TM2/TM2 with colliding CRS. High INR. Randomized interference model.


3. Conclusions

In this contribution we have shared our views on the views on the remaining details of NAICS UE demodulation test cases. In summary, we make the following proposals:

Proposal #1: Further down-select robustness test cases #5 and #8.
Proposal #2: The following interference profiles should be considered for the robustness NAICS tests:

· Low INR profile: Test cases #2, #5
· Medium INR: Test cases #7, #8

Proposal #3: Use serving cell MCS 9 and fixed QPSK interference model for the test case #6.

Proposal #4: Use randomized interference model for the test cases #1, #3 and #4

Proposal #5: Use serving cell MCS 9 for both performance gains and robustness test cases. Use 85% of maximum throughput as the performance requirements test point

Proposal #6: Define one of the NAICS performance test cases under assumption of using RAG =3 interference model along with NAICS HL signalling on the increased neighbouring cell resource allocation and precoding granularity.
Proposal #7: Use time/frequency offset parameters in Table 4 for the NAICS test cases.

Proposal #8: The EPA5 channel model is used as baseline. The NAICS test cases should also cover other channel models (e.g. ETU5 or EVA5).

Proposal #9: For the DMRS-based TMs scenarios the ZP and NZP CSI RS are configured in a way to minimize overlap with the PDSCH.

Proposal #10: Define one test case for DMRS-based TMs with 4x2 antenna configurations and 2 CRS APs 

Proposal #11: The following CFI / PDSCH start parameters are used for the performance gains tests: 

· Serving cell: CFI = 3, PDSCH starting symbol follows CFI

· Interference cell: CFI = 3, PDSCH starting symbol follows CFI
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