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1. Introduction
In RAN4#76bis, RAN4 has discussed on the remained testcase configurations and issues of the CRS-IM RX tests. RAN4 had an unapproved way forward on non-TM10 scenario and an approved way forward on TM10 scenarios, in the meantime, RAN4 is trying to align simulation results for performance requirement. The agreements regarding non-TM10 test scenarios are captured in [1] as below: 
· Gain tests are introduced with TM4, TM9

· TM4 MCS14,16,18

· TM9 MCS14

· Performance requirements for the gain test with non-TM10 UE

· Option 1: Based on 2-Cell CRS-IC

· Option 2: Based on 1-Cell CRS-IC

· Option 3: Based on mixture of 2-Cell and 1-Cell CRS-IC

· There are two options are suggested for the robustness test with TM3
· Option 1: A new robustness test case is introduced to verify: 
· When the interference condition is not favorable for CRS-IC, there is no performance loss compared with MMSE-IRC when CRS assistance information is provided.
· Option  2: There is no robustness test in CRS-IM. ( Reuse Rel-11 feICIC robustness tests) 
Regarding TM10 test scenarios, the WF lists two TM10 UE types depending on the number of CSI processes. Two test scenarios are captured in the WF [2] 
· CRS-IM for TM10 UE with a single CSI-Process

· CRS-IM for TM10 UE with multiple-CSI-Process

Also, discussion on CRS-IM capability signal was not concluded yet in the last meeting. RAN4 needs further to discuss to define non-TM10 CRS-IM UE capability and TM10 CRS-IM UE capability report signals. In this contribution we share our preferences and observations on the listed options from the WF. 
2. Discussion on non-TM10 Performances Requirements
The CRS-IM is a basic function of interference cancellation. We cannot emphasis too much on its usefulness and importance in the real product design with common homogenous network usecase targets. Although its functionality looks simple, its usecases is regarded very important in practice. RAN4 has identified key issues and UE behaviours of the CRS-IM UE earlier, but there still many issues remain under discussions. Some issues are quite repeated with the same arguments during a few meeting cycles. We wish to make way-forwards on the remained issues to wrap up this WI on time. 

RAN4 has clear observations from SI and WI study results :
· In the CRS-IM SI, RAN4 has conducted investigations on homogenous network interference characteristic. 
· In the CRS-IM WI, RAN4 has observed that a CRS-IM for single interference cell provides most of performance improvement under agreed interference condition. CRS-IM for second cell interference cell provides marginal SNR gain ( < 0.5dB).
RAN4 conducted studies under an agreed scenario that represents the common homogenous network behaviors, and we have found CRS-IM for the second cell interference does not make significant gains as much as it can be screened in tests. 
Observation 1 : RAN4 has clear observations as below from SI and WI study results :

· In the CRS-IM SI, RAN4 has conducted investigations on homogenous network interference characteristic. 

· In the CRS-IM WI, RAN4 has observed that a CRS-IM for single interference cell provides most of performance improvement under the agreed interference condition. CRS-IM for second cell interference cell provides marginal SNR gain.
With the observation, a problem of a cell searcher has been identified under homogenous network. With the given INRs and the test SNR, the second cell may not be detected without searcher-IC. In results, it is hard to expect that two CRS-IM is used for the RAN4 test scenario, and a single CRS-IM can pass the current test scenario with comparable performance. Among the options for performance requirements, 2-Cell CRS-IC should not be taken as Rel-13 CRS-IM minimum requirement.
· Option 1: Based on 2-Cell CRS-IC

· Option 2: Based on 1-Cell CRS-IC

· Option 3: Based on mixture of 2-Cell and 1-Cell CRS-IC

A remained issue is how to proceed for performance alignment with a statement. For clear performance alignment and clear UE requirements, we propose to make an agreed statement for the next action.
Proposal 1: RAN4 should make an agreed statement for performance alignment and clear UE requirements.

· Among the options for performance requirements, 2-Cell CRS-IC should not be taken as Rel-13 CRS-IM minimum requirement.

· Rel-13 minimum performance requirement for CRS-IM UE is determined based on CRS-IM for single interference cell. 
Regarding the robustness tests, we have pointed out two problems; (i) with the INR profile selected by RAN4, common CRS-IC, applying over all subframes as the gain test manner, does not cause performance concern as plotted in [3]. It is ambiguous what to evaluate as UE’s robustness under the condition. (ii) RAN4 cannot test robustness against unspecified malfunctions of UE behaviours or further with broad suspicion. We don’t see specific concern of performance degradation that must be handled additionally from the feICIC robustness test. In addition, we don’t even want to test robustness with manipulating the INR stress extremely. Of course, if giving extreme stress like tests in Ericsson contribution in [4], the UE may lose robustness, however we don’t want to test under such artificial conditions. 
Proposal 2 : We propose to reuse the Rel-11 feICIC UE robustness test for a Rel-13 CRS-IC UE robustness without a new testcase introduction.
RAN4 has selected TM4 for CRS-TM performance measurement. We share our TM4 performance measurements with MCS14,16,18. TM9 performance has shared in [2].
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Figure 1: TM4 CRS-IM RX performance (FDD)

Proposal 3 : We propose to use MCS16 for TM4 CRS-IC gain testcases (FDD).
TDD test results and proposal will be updated during the meeting. (TBD)
3. Discussion on TM10 Performances Requirements

The TM10 WF has made separate discussion on the test scenarios respectively for a TM10 UE with a single CSI process and a TM10 UE with multiple CSI processes. 
For TM10 testscase, RAN4 has initially started to utilize the same INR profile as the non-TM10 test scenarios [10.45dB, 4.45dB]. However two problems have been identified in using the same INR profile.  One is the searcher-IC issue that the UE does not detect the second cell, and another issue is that the test needs to be able to screen explicitly two genetic CRS-ICs performance. If the UE does not detect the aggressor cell, obviously the CRS-IC cannot be applied.

If so, we reach to a conclusion that searcher performance is important to maximize the two CRS-IC RX performance in interference scenarios. For example, feICIC network scheme is competing with the CoMP network. Both feICIC network and CoMP network assume interference scenarios with CRS-IC. While the feICIC requires search-IC, there has been no study for searcher performance on CoMP network.
Observation 2 : Cell searcher performance is important to ensure the two CRS-IM application and to maximize the two CRS-IC RX performance especially for interference network scenarios (i.e. feICIC or CoMP network)

As stated in [5], under such low CINR condition, the UE cannot reliably detect weaker interference cell without searcher interference cancellation. In FeICIC, use of searcher IC was mandated for CRE (cell range expansion) UE associated with pico cell with 6dB handover bias. We agree that it is not desirable to mandate such UE operation in common homogeneous network. Identically for CoMP network CRS-IC, search-IC guideline is required for TM10 UE usecases.

For TM10 scenarios, RAN4 only emphasizes strong INR profiles to explicitly screen two CRS-IM performances in the test. Without searcher-IC guideline, it is not clear if the two CRS-IC can be applied properly or not. For example, let’s assume SNR, INR profiles at TP1 and TP2 cell edge with an external aggressor existence. Then the CNIR is calculated as 

[image: image4.wmf]5/10

1

5/1010.45/10

10

10log106.83

11010

TP

ot

E

dB

I

æö

==-

ç÷

++

èø

   with { TP1=5dB, TP2=5dB, external Aggr=10.45dB}

[image: image5.wmf]10.45/10

15/1015/10

10

10log107.62

11010

ExtAggr

ot

E

dB

I

æö

==-

ç÷

++

èø

 with { TP1=15dB, TP2=15dB, external Aggr=10.45dB}
With the same logic of the 6dB threshold as [5], the above profile cases cannot apply two CRS-IMs because the search will miss the cell detection. If generalizing the observations, CRS-IM will not be applied in the CoMP TP SNR region in the red box region (below 6dB CINR) in Figure 2. 
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Figure 2 : CINR investigation 
(left) CINR of a CoMP TP when TP1=TP2 (SNR), External aggressor=10.45dB
(right) CINR of external aggressor when TP1=TP2 (SNR), External aggressor=10.45dB

If there is no searcher-IC, the TM10 UE dropped in the red box INR profiles (below 6dB CINR) cannot apply CRS-IC properly. Cell searcher will not detect the TP or the external aggressor. Then, it is ambiguous how to use CRS-IC without search-IC. This observation becomes issues in both semi-static DPS and DPS test scenarios.

Maybe, for tests, RAN4 may select INR profiles where searcher can properly operate. However, Rel-13 TM10 CRS-IC RX behaviors seem incomplete without search-IC.

Proposal 4 : RAN4 needs to clarify searcher-IC behaviours to correctly use the two explicit CRS-IM applications.

For TM10 UE with a single CSI process, we simulate with INR profile [10.45dB, 6.6dB]. It is desirable to restrict the INR profile manipulation within the minimum range from the original study results. The INR profile [10.45, 6.6] gives explicit performance improvements as 2.3dB improvement from the first CRS-IC application and 1.6dB gain from the second CRS-IC application with MCS9.  In fact, using high MCS reduces CRS-IC gains relatively. We observe that MCS9 has more gain from CRS-IC than high MCSs.
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Figure 3 : Simulation results : TM10 UE with single CSI process

Proposal 5 : We prefer to use MCS9, INR=[10.45dB, 6.6dB] for the test on TM10 UE with a single CSI process 
Our TM10 UE with multiple CSI processes analysis will be added during the RAN4 meeting. [TBD]
4. CRS-IM RX Capability Report Signalling
The UE capability report signal issue remains with several options. RAN4 gives three options for the UE capability report

· Option 1: Not define new UE capability signaling and reuse the R.11 crs-InterfHandle signaling to imply the R.13 CRS-IM capability

· Option 2: Define new UE capability signaling including information on the number of supported CCs for R.13 CRS-IM UE.

· Option 3: Define new UE capability signaling indicating CRS-IM support on at least one serving cell

We are against the Option-1. First of all, Rel-11 feICIC feature is a mandatory feature, so if adopting the R.11 crs-InterfHandle for Rel-13, it means it is mandatory for the Rel-13 UE too. As mentioned above, the Rel-13 CRS-IM has more general uscases comparing to Rel-11 feICIC UE, RAN4 needs further discussion if it is necessary to turn on the CRS-IC modules under homogenous network. Secondary, it causes unclear to define IC capability when combining with other IC features. In 3GPP, there has being introduced many IC features. For example, if an UE needs to take choice among Rel-12 NAIC, Rel-13 CRS-IM and Rel-13 control channel CRS-IC, the specific UE capability report for each is necessary to indicate exact support. In RAN2, there are discussion to reduce the signaling load, it may not be acceptable to expand another per-CC UE capability reports. 

Proposal 6 : We prefer to Define new UE capability signaling indicating CRS-IM support on at least one serving cell (Option-3 of UE capability)
Also for TM10 CRS-IC, we conclude that a new UE capability report is required separately from non-TM10 cases. As we pointed out above, TM10 CRS-IC UE is required searcher-IC behaviors additionally. Also, TM10 UE multiple CSI process increases UE’s computation load significantly. While the non-TM10 UE can apply CRS-ICs as a basic UE function applying to common homogenous network, but TM10 UE has hardware or computation timing restrictions to apply CRS-IC (ex. EPDCCH + TM10 multiple CSI-process ). We want to separate TM10 CRS-IC UE capability report signal. 
Proposal 7 : For TM10 CRS-IC capability, we propose a new UE capability report separately from non-TM10 cases.
5. Conclusion
In this contribution, we share our observations and simulations of the Rel-13 CRS-IM RX.
Observation 1 : RAN4 has clear observations as below from SI and WI study results :

· In the CRS-IM SI, RAN4 has conducted investigations on homogenous network interference characteristic. 

· In the CRS-IM WI, RAN4 has observed that a CRS-IM for single interference cell provides most of performance improvement under the agreed interference condition. CRS-IM for second cell interference cell provides marginal SNR gain.
Proposal 1: RAN4 should make an agreed statement for performance alignment and clear UE requirements.

· Among the options for performance requirements, 2-Cell CRS-IC should not be taken as Rel-13 CRS-IM minimum requirement.

· Rel-13 minimum performance requirement for CRS-IM UE is determined based on CRS-IM for single interference cell. 

Proposal 2 : We propose to reuse the Rel-11 feICIC UE robustness test for a Rel-13 CRS-IC UE robustness without a new testcase introduction.

Proposal 3 : We propose to use MCS16 for TM4 CRS-IC gain testcases (FDD).

Observation 2 : Cell searcher performance is important to ensure the two CRS-IM application and to maximize the two CRS-IC RX performance especially for interference network scenarios (i.e. feICIC or CoMP network). If aggressor cells are not detected, CRS-IC will 
Proposal 4 : RAN4 needs to clarify searcher-IC behaviours to correctly use the two explicit CRS-IM applications.

Proposal 5 : We prefer to use MCS9, INR=[10.45dB, 6.6dB] for the test on TM10 UE with a single CSI process 
Proposal 6 : We prefer to define new UE capability signaling indicating CRS-IM support on at least one serving cell 
Proposal 7 : For TM10 CRS-IC capability, we propose a new UE capability report separately from non-TM10 cases.
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