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1. Introduction 
The work item [1] proposes transmit-side signalling enhancements as follows:
· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations. Improved detection based on air interface enhancements to be considered - (RAN1, RAN4, RAN2)

· Dominant interference applicable to both macro-pico and CSG scenarios and  with or without handover biasing
Following RAN1 #66bis, the following key decisions were made:
· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias

· Zero and reduced power ABS
· Receiver-based solutions 

· PDSCH muting as described in R1-113573
· Relation with PDCCH is studied.
·  Impact on overhead should be studied.
In a previous contribution [3], we indicated our preference for transmitter based schemes for improved reception of DL data, control, broadcast and system information. Specifically:

· PDSCH of weaker cell should be rate-matched around CRS positions of a set of interferer (s) in order to facilitate improved data channel reception at victim UE.  We identify this as the “Tx rate-matching” scheme.
· For providing control channel ICIC via frequency-domain, ePDCCH transmissions from the aggressor cell and victim cell transmissions can be orthogonalized.

· The victim cell should relay its broadcast (MIB), its cell ID and cyclic prefix length via the aggressor cell during hand-off from the aggressor cell to the victim cell.

In this contribution, we provide further details regarding the configuration of the aforementioned transmitter enhancements. We also present link-level simulation results comparing the performance of transmitter-based enhancement (e.g. Tx rate-matching) versus receiver-side processing (e.g. Rx puncturing) schemes in the presence of a dominant interferer. 
2. Transmitter Rate-Matching Configuration
We envisage that rate-matching parameters – in order to enable Tx rate-matching at a UE – be signaled via a higher layer parameter TxRateMatchPDSCHInfo.  
Proposal 1: The parameter TxRateMatchPDSCHInfo carries the following information:

· The Physical-layer Cell ID (or equivalently the v-shift) and the number of CRS antenna ports for each interferer. 

· FFS whether additional information (e.g. the location of the subframes in which PDSCH is rate-matched) needs to be signaled.

Next, we discuss further details regarding the mechanism through which the RRC delivery occurs. We can identify two possibilities for signaling TxRateMatchPDSCHInfo:


Alt-1: TxRateMatchPDSCHInfo is signaled by the victim cell to the victim UE.

Alt-2: TxRateMatchPDSCHInfo is signaled by the source (aggressor cell) to the UE prior to handover.

Alt-1 may suffer from a chicken-and-egg problem in that the RRC message carrying TxRateMatchPDSCHInfo may itself be subject to dominant interference and hence not guaranteed to be reliably received at the victim UE. One way to avoid occurrences of outages during RRC delivery is to schedule the RRC delivery during MBSFN subframes of the neighboring cell (s); however, this requires the knowledge of the MBSFN configuration (of neighbors) at the victim cell. Additionally, the PDCCH scheduling the RRC message may require either transmission at a higher CCE aggregation level (in legacy PDCCH region) or alternatively, be transmitted in the ePDCCH.
Alternatively, per Alt-2 the source cell (aggressor) may deliver the TxMatchPDSCHInfo message as part of a transparent RRC container in the RRCConnectionReconfiguration message during handover to the target (victim) cell. Note that the network is aware of successful RRC delivery upon reception of the RRCConnectionReconfigurationComplete message.

Note that Alt-1 and Alt-2 are not mutually exclusive; even if Alt-2 is used for initial configuration of Tx rate-matching, any additional reconfiguration of the rate-matching configuration can be performed via Alt-1.
Proposal 2: RRC message carrying Tx rate-matching configuration information can be communicated either by the victim cell (Alt-1) or by the aggressor cell (Alt-2), or a combination of both. 

3. Relationship of Data Channel ICIC with Control Channel ICIC
In the control region, dominant interferer-victim cell collisions may manifest in the form of either CRS-PDCCH and/or PDCCH-PDCCH collision. Even during MBSFN transmissions of a dominant interferer, there is interference from CRS of the dominant interferer on to the control region of the victim UE. 

Even though CRS transmissions from dominant interferer can be addressed via transmitter rate-matching scheme, such is not the case for reliable reception of legacy (Rel-10) PDCCH. Note that legacy PDCCH cannot be rate-matched around neighboring cell CRS for reasons of backwards compatible-PDCCH reception at legacy UEs. In our view, therefore, control channel ICIC is enabled by a combination of transmitter-based (ePDCCH) and/or receiver processing (puncturing) schemes. 

Proposal 3:  Decouple ICIC for data channels with ICIC for control channels. No clear motivation and/or need to have only one single technique (e.g. only receiver-processing based) to provide ICIC on both data and control channels.
For reliable PDCCH reception, the base-station can schedule victim UEs such that their DCI (s) are transmitted with the highest CCE aggregation level. Problem with PCFICH-PCFICH collision – which occurs only when the number of transmitted PDCCH symbols is greater than zero – may be handled by configuring “extended” PHICH duration. As per TS 36.213, when the downlink system bandwidth
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, if “extended PHICH” duration is indicated by higher layers, then a Rel-10 UE shall assume that the CFI is equal to PHICH duration. 
Proposal 4: For reliable control channel demodulation:
· ePDCCH can provide frequency-domain ICIC for control channels at Rel-11 UEs.
· Receiver processing schemes (e.g. discarding heavily interfered control channel REs) can be employed at the victim UE receiver in the case when the v-shift of the dominant interferer (s) is different from the v-shift of the victim cell.

· PCFICH-PCFICH collision issues are addressable via “extended PHICH” configuration at victim cell.

4. Broadcast and Sync. Channel Collisions with Dominant Interferer

For delivering broadcast and system information to a victim UE, our view is that the victim cell should relay its broadcast (MIB), its cell ID and cyclic prefix length via the aggressor cell during hand-off from the aggressor cell to the victim cell. This concept is similar to the concept of cross-carrier scheduling in Rel-10 carrier aggregation.
Proposal 5: During handover from a stronger cell to a weaker cell (e.g. via CRE), the stronger cell indicates (via higher-layer signalling) the cell ID, cyclic prefix length, broadcast channel (MIB) information corresponding to the weaker cell. 
5. Evaluation Results for Transmit-Side Muting on CRS Positions of Interferer
In this section, we present link-level evaluation results comparing the performance of Tx rate-matching and Rx-puncturing schemes respectively, assuming TM-4 (2 x 2 closed-loop spatial multiplexing) with 16-QAM-rate ½ transmission 
Assumption 1: The interferers are assumed to transmit cell-specific reference signals only. This models the PDSCH decoding performance at victim UE during ABS subframes of the dominant interferer.

Assumption 2: Ideal PDCCH/PCFICH decoding is assumed. Thus, our results may be interpreted as an upper bound on actual PDSCH demodulation performance considering realistic PDCCH and PCFICH decoding.

We consider the case of a single interferer received at average power that is 6 dB higher with respect to the RSRP of the desired transmitter. The solid [resp. dashed curves] marked in RED show the performance of Tx rate-matching scheme with rank-1[resp. rank-2] transmissions. The corresponding performance for the Rx-puncturing scheme is shown by the blue curves. Simulation parameters and their values are shown in Table 1, Appendix A. The channels from the desired cell and the interferers are drawn from a TU channel.  
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Figure 2: BLER-SNR curves for Rank 1 and Rank 2 transmissions for 8 PRB allocation and transport block size of 253 bytes.
Summary of link-level results: The BLER performance of transmit-side rate-matching scheme is about 1 dB better than the Rx-puncturing scheme for Rank-1 transmission and about 0.5 dB better than the Rx-puncturing scheme with Rank-2 transmission. This suggests that the Tx rate-matching scheme offers more robust protection against dominant interferer CRS transmission as compared to the Rx-puncturing scheme.
6. Conclusions

Proposal 1: The transmitter rate-matching configuration parameter TxRateMatchPDSCHInfo carries the following information:

· Cell ID (or equivalently the v-shift) and the number of transmit antenna ports for each interferer. 

· FFS whether additional information (e.g. which subframes carry rate-matched PDSCH) needs to be signaled.

Proposal 2: RRC message carrying the transmitter rate-matching configuration information can be communicated either by the victim cell or by the aggressor cell (prior to handover to victim cell), or a combination of both. 

Proposal 3:  Decouple ICIC for data channels with ICIC for control channels. No clear motivation and/or need to have only one single technique (e.g. only receiver-processing based) to provide ICIC on both data and control channels.
Proposal 4: For reliable control channel demodulation:

· ePDCCH can provide frequency-domain ICIC for control channels.

· Receiver processing schemes (e.g. discarding heavily interfered control channel REs) can be employed at the victim UE receiver in the case when the v-shift of the dominant interferer (s) is different from the v-shift of the victim cell.

· PCFICH-PCFICH collision issues are addressable via “extended PHICH” configuration at victim cell.
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7. Appendix A
Table 1: Link-level simulation parameters
	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz (25 RBs)

	Antenna configuration
	2 Tx /2 Rx (no correlation across antennas).

	Channel model
	3GPP-TU

	UE velocity
	3 Kmph

	Physical layer cell ID
	6 (desired cell), 7 (dominant interferer)

	Interferer configuration
	Interferers are assumed to transmit only reference signals (modelling CRS interference during ABS)

	Transmission mode 
	Transmission mode 4 

	Transmission ranks
	Fixed rank (no rank or MCS adaptation) equalling 1 or 2.

	PDCCH/PDSCH configuration
	3/11 OFDMA symbols per subframe.

	Channel coding (PDSCH)
	Rel-8 turbo coding.

	PDSCH muting
	Option 1: Tx rate-matching on CRS positions of dominant interferer

Option 2: Rx-puncturing of PDSCH on CRS positions of a set of dominant interferer (s).

	Number of allocated PRB
	8 PRBs (PRB Indices 0 through 7)

	MCS, HARQ and link adaptation
	16QAM-1/2 with PMI adaptation for fixed MCS scheme.

	PDSCH Demodulation
	LMMSE 

	Channel estimation for demodulation and PMI/CQI computation
	2D MMSE

	Hybrid-ARQ
	Number of HARQ processes = 8.

Maximum number of retransmissions = 3.

	CQI/PMI reporting delay modelling
	Delay equals 5 subframes (5 ms) between time of computation at UE and use for precoding at eNodeB.

	Simulation output
	BLER versus SNR (dB) 


8. Appendix B
Table 2: Overhead associated with PDSCH RE muting on neighboring cell CRS positions

	# CRS ports of interferer
	# of muted resource elements per PRB pair per interferer

	1
	6

	2
	12

	4
	16
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