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1. Introduction
In [1], RAN1 informed RAN4 on the conclusions of the studies on FeICIC. In [2] the work plan for FeICIC was outlined and its impact on performance requirements was discussed. In this contribution we provide further considerations of the baseline receiver that should be assumed in RAN4 for the definition of the performance requirements for FeICIC. 
2. Discussion
In [1], RAN1 informed RAN4 on the conclusions of the studies on FeICIC. RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for colliding and non-colliding CRS assuming 9 dB CRE bias. The LS from RAN1 on FeICIC recommends the following handling of CRS interference [1]: 

Handling of CRS interference:

· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

· Information on number of CRS ports of neighbor cell(s) is needed

· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed
This LS impacts both the baseline receiver assumed for FeICIC as well as the requirements for RLM/RRM and demodulation/CSI reporting. In the following we provide considerations for both aspects.
2.1. FeICIC Baseline Receiver Assumptions
In [2], it has been proposed to focus initially on CRS canceling and CRS puncturing receivers. In order to define the performance requirements it is important to define the baseline receiver assumptions in RAN4 without restricting or revealing the receiver implementation. The performance requirements also depend on the assumptions what knowledge is available in the receiver. In the following we provide further considerations and proposals of the baseline receiver.

The RAN1 LS [1] states that the number of CRS ports of neighbor cell(s) and information on which subframes in neighbor cell(s) the CRS interference is present is needed in the receiver. Since the knowledge is on a per cell basis, it can be inferred that the positions of the interfering CRS and the cell IDs of the interfering cell(s) are known to the receiver. 

Proposal 1: Knowledge of the number of CRS ports, the cell IDs and the MBSFN configurations of neighbor cell(s) should be assumed for the base line receivers.
Since both CRS canceling and CRS puncturing receivers have been applied in RAN1 investigations that yielded to the LS in [1], we propose that RAN4 should initially focus on these two types of receivers.

Proposal 2: It is proposed that RAN4 focuses initially on CRS canceling and CRS puncturing receivers. These two receiver types should be assumed as baseline. 
We start to define the baseline receivers in more detail by describing them verbally. 

· A CRS puncturing receiver is any kind of receiver that punctures REs of the wanted signal of the serving cell that are heavily interfered by CRS REs received from one or more dominant interfering cells. Knowledge of the CRS REs of the interfering cell(s) is assumed. Obviously, the punctured REs cannot be CRS REs of the serving cell. Hence, the CRS puncturing receiver not applicable in scenarios with colliding CRS. Transmitter side solutions, e.g. PDSCH muting corresponding to the CRS patterns of neighbor cells, are not considered as part of a CRS puncturing receiver. A CRS puncturing receiver is principally applicable to e.g. PDSCH and PDCCH with non-colliding CRS.
· A CRS canceling receiver is any kind of receiver that cancels CRS REs received from one or more dominant interfering cells from the wanted signal of the serving cell. Knowledge of the CRS REs of the interfering cell(s) is assumed. Canceling CRS REs from the wanted signal requires channel estimation of the channel from the UE to interfering cell. The wanted signal can be any kind of channel sent by the serving cell including PDSCH, PDCCH, serving cell CRS, etc. Hence, CRS canceling receivers can be applied both in scenarios with colliding and non-colliding CRS. A CRS cancelling receiver is principally applicable to e.g. PDSCH and PDCCH.
Figure 1 outlines the basic processing flow in the base line receiver consisting of channel estimation, CRS puncturing/cancelling, MMSE based demodulation, e.g. for PDSCH, and decoding. Derivations from this processing flow are implementation specific and do not need to be defined for the base line receiver.
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Figure 1: Basic Receiver Diagram for PDSCH
Figure 2 shows an example of  puncturing for non-colliding CRS. According to the description above, e.g. PDSCH and PDCCH REs are punctured in case they are strongly interfered by CRS REs from one or more interfering cells.
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Figure 2: Puncturing of serving cell REs in PDSCH and PDCCH
From a decoding point of view puncturing certain REs means that the channel code rate of the channel code is increased yielding to a reduced error correction capability of the Forward error correcting code. Puncturing multiple cells increases the code rate further. It can be expected that there is a trade-off between the puncturing benefits by not taking bad LLRs in the decoder into account and increased channel code rate.
According to the description for CRS canceling receivers above it needs to be distinguished between colliding and non-colliding CRS. Considering one RE only, the CRS IC system model for both cases can be written in a simplified way as:
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Here h1 and h2 denote the serving and interfering channel vector (matrix) and xp(i) and xd(i), respectively, represent pilot and data symbols, where i = 1 indicates the serving cell. yp and yd are the received REs. In both cases the interfering channel is estimated and 
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is subtracted from yp and yd. It is seen that in case of colliding CRS canceling interfering CRS mainly aims to improve channel estimation performance of the serving cell whereas in case of non-colliding CRS canceling interfering CRS aims to improve directly e.g. PDSCH and PDCCH performance. In this case channel estimation performance in the serving cell is not improved as long as no iterative receiver is applied. 
The RAN1 LS [1] states that both colliding and non-colliding CRS scenarios should be considered. As already mentioned, a puncturing receiver is not applicable to non-MBSFN/MBSFN ABS with colliding CRS, whereas a CRS canceling receiver can be applied both to colliding and non-colliding CRS scenarios. Hence, a CRS canceling receiver should be assumed as baseline for colliding CRS both in MBSFN and non-MBSFN ABS. 
Proposal 3: A CRS canceling receiver should be assumed as baseline for scenarios with colliding CRS both for MBSFN and non-MBSFN ABS.
For non-colliding CRS, however, principally both CRS puncturing and canceling receivers can be applied. Depending on the scenario the one or the other may have better performance. It is proposed that in case of non-colliding CRS both baseline receivers are considered and the performance requirements are defined in a receiver agnostic way, i.e. they are defined in a way that both types of receivers can meet the requirements.

Proposal 4: Performance requirements for scenarios with non-colliding CRS should be defined in a receiver agnostic way, i.e. it should be ensured that both types of receivers can meet the requirements.

For the definition of the baseline receiver it is also important to agree upon the maximal number of interfering cells that can be canceled or punctured. RAN1 assumed in its performance evaluation that up to three cells can be punctured or canceled in the receiver [3]. Since the RAN1 agreement to consider 9 dB cell range expansion is based on this assumption, it is proposed to adopt the same assumption in the definition of the baseline receiver.
Proposal 5: It is proposed that a baseline receiver can puncture or cancel up to three interfering cells.

For the CRS puncturing receiver the order of the puncturing does not alter performance, however, for the CRS canceling receiver it does. Since it is implementation specific how the interfering cells are handled in the canceling process, no further details should be defined in the baseline receiver. Additional details, e.g. how the channels of the serving and interfering cells (in case of CRS canceling receiver) are estimated and how the covariance matrix for the MMSE receiver is derived are also implementation specific and do not need to be defined for the baseline receiver. 
As an example of an implementation choice for the CRS puncturing receiver, puncturing options in case of SFBC shall be outlined. SFBC encoding couples two adjacent subcarriers which can be called a SFBC symbol. On OFDM symbols #0, #4, #7, #11 one subcarrier of a SFBC symbol is subject to strong interference. The choice of implementation is whether only one subcarrier of a SFBC symbol is punctured (tone puncturing) or whether the entire effected SFBC symbol is punctured although one subcarrier of a SFBC symbol is not interfered by CRS. These options are illustrated in Figure 3. Clearly, SFBC symbol puncturing reduces channel coding rate even further, whereas with tone puncturing some data symbols experience significantly lower SNR since SFBC decoding is not applicable anymore for those SFBC symbols.
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Figure 3: SFBC Puncturing Options – left) Tone puncturing, right) SFBC symbol puncturing
2.2. Impacts on RLM/RRM and Demodulation/CSI reporting Requirements

Next we discuss the impacts on CRS puncturing and canceling receivers on RLM/RRM and demodulation/CSI reporting requirements.The LS from RAN1 [1] requires that RLM/RRM and demodulation/CSI reporting requirements are to be defined for a CRE bias of 9 dB. With this increased CRE bias the interference scenario and conditions change compared to the Rel-10 scenario for eICIC. This requires that both for RLM/RRM and demodulation/CSI reporting new interference models need to be derived from system level simulations. As the radius of the pico coverage is increased by the larger bias compared to Rel-10, it becomes more likely that the UE experiences interference from two or more dominant interferers. This should be considered in the definition of the performance requirements. 
Proposal 6: New interference models should be derived for RLM/RRM and demodulation/CSI reporting taking the CRE bias of 9 dB into account. Multiple interferers should be considered to reflect realistic scenarios.
In order to guarantee that the terminal is able to perform reliable measurements under such conditions, the RLM/RRM requirements should be defined for the worst case interference scenario. Furthermore, the Rel-10 RAN4 specifications only define RLM/RRM requirements for non-colliding CRS for non-MBSFN ABS and colliding CRS for MBSFN ABS cases. This leads to a burden on PCI planning for Rel-10 eICIC deployments. In Rel-11, the CRS interference mitigation receiver is expected to handle CRS interference in the ABS subframe, which enables much more flexible PCI planning in Rel-11 eICIC deployments. It is also expected that the PCI are assigned randomly when more picos are deployed, which increases the likelihood of  CRS collisions. In order to ensure a robust performance under such deployment scenarios, the worst case PCI planning should be considered in defining the performance requirements. 
Proposal 7: A worst case scenario for 9dB CRE bias should be assumed to derive the requirements for RLM/RRM and demodulation/CSI reporting. This includes both the interference models as well as the PCI planning in order to ensure that the receiver is able to cope with practical deployment scenarios.
3. Conclusion 
In this contribution we provided further considerations of the baseline receiver that should be assumed in RAN4 for the definition of the performance requirements for FeICIC. 
In particular we propose for the baseline receiver assumptions:
Proposal 1: Knowledge of the number of CRS ports, the cell IDs and the MBSFN configurations of neighbor cell(s) should be assumed for the base line receiver.

Proposal 2: It is proposed that RAN4 focuses initially on CRS canceling and CRS puncturing receivers. These two receiver types should be assumed as baseline.
Proposal 3: A CRS canceling receiver should be assumed as baseline for scenarios with colliding CRS both for MBSFN and non-MBSFN ABS.

Proposal 4: Performance requirements for scenarios with non-colliding CRS should be defined in a receiver agnostic way, i.e. it should be ensured that both types of receivers can meet the requirements.
Proposal 5: It is proposed that a baseline receiver can puncture or cancel up to three interfering cells. 
We also considered the impacts on RLM/RRM and demodulation/CSI reporting and propose:

Proposal 6: New interference models should be derived for RLM/RRM and demodulation/CSI reporting taking the CRE bias of 9 dB into account. Multiple interferers should be considered to reflect realistic scenarios.
Proposal 7: A worst case scenario for 9dB CRE bias should be assumed to derive the requirements for RLM/RRM and demodulation/CSI reporting. This includes both the interference models as well as the PCI planning in order to ensure that the receiver is able to cope with practical deployment scenarios.
We recommend the group to take these proposals into account for the definition of the FeICIC baseline receiver and how to derive the RLM/RRM core and demodulation/CSI performance requirements. 
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