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Discussion
1. Introduction
A CRS-interference mitigation (IM) for homogenous network has been approved as a work item [1]. CRS-IM itself has been studied in the Rel-11 work item with feICIC, currently Rel-13 discussion is extended to the CRS-IM usecases out of feICIC scenarios. In Rel-13 usecase scenarios, a network can assistance a UE to find CRS aggressors by sending assistance signalling of neighbour cell’s CRS information, however ABS/non-ABS information is not given. Practically, an UE can still apply CRS-IM without ABS/non-ABS signalling, however it requires additional UE functional requirements such as detection on loaded/unloaded subframe for IRC application. In results, an UE in this WI needs a capability operating as if it is in feICIC scenarios without the signal. This contribution discusses test mythologies and test scenarios to evaluate the UE capability.
2. Discussion
As indicated the proposal [1], RAN4 will start this WI with building network deployment scenarios and interference modeling before performance studies. And the WI proposal mentions that non-colliding CRS case is prioritized over colliding CRS case. We agree the direction, especially for TM9 and TM10 PDSCH, non-colliding CRS study must be focused in the WI.

Based on the interference modeling study, CRS-IM capability of a baseline RX must be discussed together. If multiple non-colliding CRS must be canceled or whitened, additional non-CRS CE is required from Rel-11 UE. Indeed, it will impute significant costs to an UE design, so RAN4 needs enough discussion on a CRS-IM capability of a baseline RX.
This SI/WI assumes homogenous network, so probability presenting multiple aggressors is considerably low comparing to heterogamous networks. Through the study, we want to justify possible scenarios and determine UE’s CRS-IM capability. 
IRC behavior clarification
The WI proposal in [1] and the SI proposal in [2]  make notes below  :

· Any interference from data, which varies according to the traffic loading level, is assumed to be suppressed in the same way as in Rel-11 with the baseline MMSE-IRC receivers. 
· Interference from neighboring cells’ PDSCH is not the focus of this study item
We suggest clarifying IRC behaviours for the Rel-13 WI. Depending on PDSCH load/unload in interfering eNBs, IRC must apply a different type of a whitening filter. When interference from data varies according to the traffic loading level, an UE needs to detect its traffic loading to apply IRC without ABS/non-ABS signalling. As we read the two sentences in the WI and SI proposal, it is not clear in WI how to assume to be suppressed in the same way as in Rel-11 with the baseline MMSE-IRC receivers. And RAN4 clarifies if the statement in SI is still hold in WI; “interference from neighboring cells’ PDSCH is not the focus”. We think that IRC suppression performance can be involved in this WI view.
Propose 1 : We propose to make a clear statement on IRC behavior for the WI. Depending on PDSCH load/unload from strong interference eNB(s), an UE needs a capability to estimate different interference covariance matrices for IRC. 
Signalling for HomoNet CRS-IM 

The WI proposal in [1] has stated that CRS assistance information of Rel-11 is reused for the Rel-11 study.

· The CRS assistance information, as specified for Release 11, is available for the UE.
We agree that the Rel-11 RRC signalling is enough to support HomoNet CRS-IM. From TS.36.331 RRC signals, an UE is assumed to know aggressor candidates from neighbour cell list. An eNB is supposed to give RRC signals to UE below :
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Also, RAN4 needs to discuss on UE capability report for Rel-13. Rel-11 defines UE capability report on CRS interference handling as below : 

TS36.306 4.3.4.15 crs-InterfHandl-r11

This field defines whether the UE supports CRS interference handling. It is mandatory for UEs of this release of the specification.
In Rel-13, HomoNet CRS-IM feature is an UE implementation requirement. There is no additional signalling and requirements from an eNB. So crs-InterfHandl-r11 UE capability report can be resued in a Rel-13UE.
Proposal 2 : We propose to reuse Rel-11 RRC signalling of CRS assistance information. Also, the Rel-11 UE capability report crs-InterfHandl-r11 can be resued for a Rel-13UE.

TM10 UE type-B with non-colliding CRS-IM 
R4-140697 [2] and R4-144533 [3] has discussed effective CoMP network gain depending on UE’s CRS-IC capability. There have been long discussions on CoMP CRS-IC capability since Rel-11, unfortunately there were no agreements. TM10 CRS-IC capability on non-colliding CRS remains as an issues.
First, we want to set homogeneous network interference study scope. Since CoMP has already multiple interference scenarios, it has introduced scenario 1 and scenario 2 for homogenous network usecases. In this WI, We assume that the WI scope can cover not only scenario-1, 2 but also scenario-3. As illustrated in figure 1, the WI can involve a network deployment like macro-cell to macro-cell interference like scenario-3. 
Secondary, we need to clarify a meaning of  ‘CRS-assistance-information RRC signal’ to TM10 UE type-B. Obviously, the CRS-assistance-information signal should not indicate a serving cell as interference, because the serving cell is not aggressor depending DPS switching. If so, ‘CRS-assistance-information RRC signal’ to TM10 UE type-B must indicate aggressors out of a CoMP network for TM10 type-B. For TM10 type-A, there is no confusion in understand aggressors listed in CRS-assistance-information.
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Figure 1 : Macro to Macro interference for TM10 Type-B UE
Third, if CRS-assistance-information is given to a TM10 UE type-B, the UE screens the strongest aggressors including the serving cell. It is not necessary to mandate a serving cell CRS-IM under the scenario. If  UE capability report of crs-InterfHandl-r11 for TM10 also implies the assumption to an eNB.
Proposal 3 : 
· For TM10 study, the WI scope can cover not only scenario-1, 2 but also scenario-3 like Macro cell-to-Macro-cell interference scenario.
· CRS-assistance-information listing aggressors’s CRS information should exclude serving cell CRS information to TM10 UE type-B.
· We do not mandate a serving-cell CRS-IM for a TM10 UE type-B. An UE is assumed to apply CRS-IM to one strongest CRS interference when multiple non-colliding aggressors are present including a serving cell. The UE capability report of crs-InterfHandl-r11 for TM10 also implies the assumption to an eNB.
Interference Estimation for CSIFB
The WI proposal in [1] has proposed to study feasibility of CSI requirement including interference estimation behaviour. 
·  Both CRS- and DM-RS based transmission modes (including TM9 and TM10) should be covered on both serving and interfering cells for the CRS-IM based receiver. The detailed modes should be specified with test conditions.

· The feasibility of CSI requirements, including the UE interference estimation behavior, should be studied prior to introducing associated requirement scenarios.

A core part regarding CSIFB is interference measurements. In cases of CRS-based TMs, an UE utilizes a serving cell CRS for the interference measurement purpose in general. Also, the spec does not specify any specific UE behaviours in referring other RSs or REs to improve its interference measurement accuracy. Under interference scenarios, actual interference impacting PDSCH REs can be mismatched with CRS-based measurement, so an UE may try to remove the mismatched offset in interference measurement. In this WI, we don’t want to make any specification for TM1~9 on UE behaviours for interference measurement for CSIFB.

In a case of TM10, the specification mandates to measure interference only within CSI-IM REs in TS36.213 as

For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the zero power CSI-RS  within the configured CSI-IM resource associated with the CSI process.
As specified, an UE is not allowed to adjust CSI-IM based interference measurement in any case of strong non-colliding CRS presence. Ideally, demodulation has to cancel out all non-colliding CRS for TM10 usecases.

However, in practice, cost of multiple non-colliding CRS-IMs is high versus its usecase commonness. In UE sides, it is hard to be assumed that multiple non-colliding CRSs from multiple aggressors are always mitigated or cancelled.

If strong non-colliding CRSs are not cancelled in TM10 demodulator, the CSI-IM interference measurement will be inaccurate due to offsets from actual PDSCH REs, which still remains as a potential problem leading to inaccurate CQI computation. Reported CQI can be too optimistic comparing to actual PDSCH interference level. 

Since a TM10 UE is not allowed to adjust CSI-IM based interference measurement by referring to other REs, eNB must be able to adjust CQI reported from an UE. However such scenario seems non-logical too, because eNB does not know UE’s non-colliding CRS-IM capability and UE’s CRS-IM priority among aggressors.

CSI adaptation can rely on ACK/NACK outer loop adaptation, which will not be an optimal solution.

Propose 4 :

· We prefer not to make specifications regarding interference measurement for TM1~9.

Observation 1: 

· TM10 CSI processes must be considered together with UE’s CRS-IM capabilities. CSI-IM based measurement has offsets when strong non-colling CRSs are presented but not all of them are cancelled in demodulation. Such measurement offset causes incorrect CQI reporting, and eNB must be able to adjust CQI with understanding on the UE’s measurement.
3. Conclusion
For the WI, we share our proposal items and observations as below.
Propose 1 : We propose to make a clear statement on IRC behavior for the WI. Depending on PDSCH load/unload from strong interference eNB(s), an UE needs a capability to estimate different interference covariance matrices for IRC. 

Proposal 2 : We propose to reuse Rel-11 RRC signalling of CRS assistance information. Also, the Rel-11 UE capability report crs-InterfHandl-r11 can be resued for a Rel-13UE.

Proposal 3 : 
· For TM10 study, the WI scope can cover not only scenario-1, 2 but also scenario-3 like Macro cell-to-Macro-cell interference scenario.

· CRS-assistance-information listing aggressors’s CRS information should exclude serving cell CRS information to TM10 UE type-B.
· We do not mandate a serving-cell CRS-IM for a TM10 UE type-B. An UE is assumed to apply CRS-IM to one strongest CRS interference when multiple non-colliding aggressors are present including a serving cell. The UE capability report of crs-InterfHandl-r11 for TM10 also implies the assumption to an eNB.
Propose 4 :

· We prefer not to make specifications regarding interference measurement for TM1~9.

Observation 1: 

· TM10 CSI processes must be considered together with UE’s CRS-IM capabilities. CSI-IM based measurement has offsets when strong non-colling CRSs are presented but not all of them are cancelled in demodulation. Such measurement offset causes incorrect CQI reporting, and eNB must be able to adjust CQI with understanding on the UE’s measurement.

Reference

[1]
RP-142263, “New Work Item proposal: Perf. Part: CRS Interference Mitigation for LTE Homogenous Deployments”,  Ericsson
[2] RP-130393, New Study Item proposal: CRS Interference Mitigation for Homogenous Deployments
[3] R4-140697,  The use of CRS-IC in Comp, Ericsson
[4] R4-144533 System level simulation results for CRS-IC in CoMP scenario 3, Samsung
3GPP


_1484231801.vsd
�


