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1. Introduction
In RAN1 #62, based on way forward [1], the following was agreed:
· Macro-Femto: 

· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· Macro-Pico: 

· Extend Rel 8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframes* 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8

(*) if MBSFN is configured almost blank subframe does not contain CRS in the data region..
Further, the following sentence was captured in the Chairman’s notes [2], 

· The baseline solution for macro-femto does not preclude any possible solutions that further minimize the legacy impact.

Essentially, for the co-channel macro-femto scenario, the baseline assumption is no backhaul-based interference coordination (IC), pending RAN3 work. Time-domain/power setting based interference reduction solutions will therefore be either vendor-specific or standardized at HeNB (e.g. pre-defined time-domain muting pattern and/or pre-defined power setting). Refer [3] for a discussion on HeNB power setting. This contribution addresses two aspects. The first assumes backhaul-based IC and focuses on the co-channel macro-pico scenario. The second aspect addresses legacy support for avoiding the so-called radio link failure (RLF) problem [12]; as such, it applies to the macro-pico scenario as well as the macro-femto scenario.
· Time domain solution. We address details of proposed time-domain coordination for macro-pico scenario; specifically how subframe partitioning is carried out between the macro cell eNodeBs and co-channel low power nodes. We provide further details on TDM muting patterns in a companion contribution [15].
· Radio Link Monitoring. In RAN #62 [1], the baseline ICIC solution for RLM/RRM/CSI measurement at Rel-10 UE does not preclude possible solutions that minimize the legacy impact. In this respect, [14] proposes a scheme to avoid RLF at legacy UE by muting interfering REs at the aggressor layer. Link-level simulation results show that for best performance, RE muting (and rate-matching) should be carried non-transparently.
2. TDM Aspects

In this section, we present our views on relating to time-domain backhaul coordination between the macro cell eNodeB and low power nodes (pico cell eNodeBs and/or CSG HeNBs).
Assumption 1: All eNodeBs are assumed to be time-synchronized (within one OFDM symbol).

Without Assumption 1, the trailing PDSCH symbol (s) of the aggressor layer eNodeB transmission creates interference on the PDCCH region of the victim UE. In principle, for avoiding the “trailing interference” effect, the aggressor layer eNodeB could mute K > 1 consecutive subframes. Victim layer UEs may then be scheduled on (K – 1) subframes, starting with subframes overlapping with the second muted subframe of the aggressor layer eNodeB. 
Proposal 1: TDM subframe transmission may not be configured on subframes carrying broadcast channel, synchronization information (BCH/PSS/SSS) and subframes carrying system information (SI-1). Consider not configuring TDM transmissions on subframes carrying paging channel (PCH) information.
· FDD: Subframe indices 0 (BCH/PSS/SSS) , 5 (PSS/SSS), 4 and 9 (PCH)
· TDD: Subframe indices 0, 1, 5 and 6.
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Figure 1: TDM partitioning
As per proposal 1, one example of TDM partitioning
 is shown in Figure 1. Subframe offset is applied (as shown above) for ensuring that the total number of TDM subframes across all eNodeBs equals ten. Macro cell eNodeB schedules its UEs during subframes 0, 4, 5 and 9. Pico cell eNodeB schedules cell edge UEs during subframes 0, 3, 4, 5, 8 and 9, while cell interior UEs are scheduled on subframes 1, 2, 6 and 7. Finally, HeNB transmits TDM subframes on indices 1, 2, 6 and 7, which are time-overlapping with macro cell subframe indices 0, 4, 5 and 9. 
In a companion contribution [15], we provide further details on our proposed TDM muting patterns. It is clear that to ensure full TDM reuse flexibility and satisfy Proposal 1 at all eNodeBs, the number of TDM subframes per eNodeB cannot exceed six. In general, determining the requisite number of TDM subframes and resource partitioning (that is, the specific muting pattern) is dependent on the offered traffic at each layer [8] and the number of served users at each layer. 
Proposal 2: Restrict the maximum number of TDM subframes at a given eNodeB to 6 subframes. 

· FFS: Applicability of subframe offset in FDD and in TDD configurations with 5 ms switch point periodicity.

· FFS: ACK/NACK feedback aspects for uplink transmission during TDM subframes – for example, with MBSFN based TDM transmission, [6] shows that only 2 UL HARQ processes can be guaranteed for cell-edge victim UEs. 
· FFS: Addressing interference on PDSCH at victim UE due to CRS from aggressor eNodeB.  

· Study not required unless gains are shown from large bias cell range expansion (CRE) (see [8] - [11] for related work). 

It has been agreed to restrict RLM/RRM/CSI measurement to the Rel-10 UE to a restricted set of time (subframe) resources. In addition, for enabling inter-cell CSI measurement at the UE during TDM subframes (e.g. CoMP), we propose that the backhaul negotiation coordination involves CSI-RS configuration parameters [5].
Proposal 3: For accurate intra-cell/inter-cell CSI measurement, backhaul ICIC should jointly coordinate CSI-RS configuration along with TDM subframe transmissions between coordinating eNodeBs.

3. Radio Link Monitoring Aspects
One ramification while tackling severe interference in het-net scenarios is the unwanted RLF declaration at the UE-side, even when it experiences good channel conditions on its PDSCH. Specifically, when a victim UE
 measures its radio link quality on its CRS, it may experience varying levels of interference, depending on whether or not an aggressor layer eNodeB 
is transmitting TDM subframes [12]. Consequently, in a worst-case scenario, the victim UE may declare RLF or even initiate connection re-establishment.  We discuss below the different schemes which are under considerations for preventing RLF occurrence.
Baseline [1] [12] [13]: The UE performs RLM/RRM/CSI measurement on a pre-specified set of subframes signalled by the network.

Observation: The existing baseline solution does not tackle radio link failure problem at legacy (Rel-8/9) UE since such a UE may detect different levels of interference depending on whether the subframe is a unicast subframe or a TDM subframe. Note that Rel-8 does not mandate the exact subframes on which the UE conducts its link quality measurement and mobility measurements. 

RE Muting [14]: The aggressor layer “mutes” its PDSCH transmission on CRS locations of the victim layer.  

The RE Muting scheme described above prevents unnecessary RLF declaration at legacy UEs because it provides the victim UEs with interference free CRS.  Although we acknowledge such an approach causes potential throughput degradation at UEs belonging to the aggressor eNodeB (due to PDSCH RE muting), we consider this an acceptable trade-off considering that the alternative is RLF declaration at the victim UE.  

Table 3 compares the relative performance of the baseline versus the RE muting scheme.

Table 3: Proposals for avoiding RLF declaration in het-nets

	Proposals
	Performance Impact

	
	Rel-8/9 UE (Victim layer)
	Rel-10 UE 

(Victim layer)
	Rel-8/9 UE 

(Aggressor layer)
	Rel-10 UE (Aggressor Layer)

	Network signalled subframes [11][12]
	Potentially declare RLF
	No performance impact
	No performance impact
	No performance impact

	RE Muting [13]
	No performance impact
	No performance impact
	 MCS downscaling (e.g. QPSK-1/2).
	Requires knowledge of  PDSCH rate-matching 


3.1. Details on Muting
This section provides single-cell link-level simulation results evaluating the performance of transparent versus non-transparent RE muting in a co-channel macro-femto scenario. The number of muted PDSCH REs equals 16 REs/PRB (corresponding to OFDM symbols 4, 7, 8 and 11).
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Figure 3: BLERs with/without rate-matching around muted CRS locations (assuming RE muting is carried out once every 10 subframes)
· Transparent PDSCH RE muting [Dashed Blue]. HeNB mutes PDSCH (no rate-matching) on macro cell CRS RE locations.
· Non-transparent PDSCH RE muting [Solid Black]. HeNB rate-matches PDSCH around macro cell CRS RE locations.
Observations:

1. Transparent PDSCH RE muting on CRS positions of macro cell eNodeB results in a BLER floor for higher order MCS (e.g. 16-QAM-1/2 or higher). 

2. For lower-order MCS (e.g. QPSK-1/2), there is a moderate power offset (however no BLER floor) relative to the case without any PDSCH RE puncturing. This suggests that legacy HUEs can be scheduled with reliable performance at least for lower-order MCS (e.g. QPSK-1/2). 

Proposal 4: Standardize PDSCH RE muting at aggressor eNodeB. PDSCH should be rate-matched around muted RE positions which are notified to UE.

4. Conclusions

Based on the preceding discussion, the key proposals in this contribution are summarized below:

Proposal 1: TDM subframe transmission may not be configured on subframes carrying broadcast channel, synchronization information (BCH/PSS/SSS) and subframes carrying system information (SI-1). Consider not configuring TDM transmissions on subframes carrying paging channel (PCH) information.

· FDD: Subframe indices 0 (BCH/PSS/SSS) , 5 (PSS/SSS), 4 and 9 (PCH)

· TDD: Subframe indices 0, 1, 5 and 6.

Proposal 2: Restrict the maximum number of TDM subframes at a given eNodeB to 6 subframes. 

· FFS: Subframe offset in FDD and in TDD configurations with 5 ms switch point periodicity.

· FFS: Addressing interference on PDSCH at victim UE due to CRS from aggressor eNodeB.  

· Study not required unless gains are shown from large bias cell range expansion (CRE). 

Proposal 3: For accurate intra-cell/inter-cell CSI measurement, backhaul ICIC should jointly coordinate CSI-RS transmissions along with TDM subframe transmissions between coordinating eNodeBs.

Proposal 4: Standardize PDSCH RE muting at aggressor eNodeB. PDSCH should be rate-matched around muted RE positions which are notified to UE.
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�Per [1], no backhaul-based IC is assumed for the macro-femto scenario, as per current RAN3 status. However, TDM muting at CSG HeNB can still be applied according to a (fixed, pre-defined) set of muted subframes.


� The victim UE refers to either a non-CSG macro cell UE (macro-femto scenario) or a strongly interfered pico cell UE (macro-pico scenario employing large bias cell range expansion).


� The term “aggressor layer” eNodeB refers to either a CSG HeNB (macro-femto scenario) or a macro cell eNodeB (macro-pico scenario employing large bias cell range expansion).
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