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1
Introduction
In RAN1 #86, the potential impacts on EPDCCH due to the collision with aperiodic CSI-RS have been discussed and RAN1 concluded to study the performance impacts of the EPDCCH [1]:
Agreement:

· A solution is to be selected from the following three alternatives for aperiodic ZP CSIRS resource indication (TBD RAN1#86bis)

· Alternative-1: Aperiodic ZP CSIRS, dynamically indicated by a new common DCI.

· The common DCI is monitored in common search space.

· Alternative-2: Aperiodic ZP CSIRS, aperiodic ZP CSI-RS resource signaling field is introduced in DL DCIs for all TMs.

· Alternative-3: Use the existing PQI states or increase the number of PQI states for TM10; no PDSCH RM solution for other TMs

· In this case, aperiodic ZP CSIRS resource is not defined

· Definition of Aperiodic ZP CSIRS:

· For PDSCH rate matching on BF CSIRS due to aperiodic CSI-RS and/or multi-shot CSI-RS, an aperiodic ZP CSIRS resource is indicated. 

· Aperiodic ZP CSIRS resource configuration is defined without Subframe_config

· UE conducts PDSCH rate matching on aperiodic ZP CSIRS at the subframe when the DCI is signaled.

· Study the impact of collision between EPDCCH RE and aperiodic CSI-RS 

In this contribution, we discuss further on collision handling between EPDCCH and aperiodic CSI-RS and evaluate the performance of EPDCCH when it collides with aperiodic CSI-RS.
2
Discussion
The EPDCCH has been introduced since Rel-11 to improve the performance of the downlink control channel with a beamforming gain while increasing control channel capacity by transmitting in a PDSCH region. Since the EPDCCH is transmitted in a PDSCH region, it can collide with other downlink signals which may be transmitted in a wideband manner including CSI-RS and CRS.

The EPDCCH REs colliding with a CSI-RS and/or a CRS have been rate-matched around to reduce the performance impacts due to the collision. Also, the EPDCCH aggregation level set has been determined based on the number of available REs in a PRB in order to guarantee the coverage of the EPDCCH. Note that the coding rate of an EPDCCH candidate is determined based on the DCI size and the number of ECCEs. Therefore, if the actual number of REs in an ECCE is reduced due to the collision with other signals, it increases the number of ECCEs for an EPDCCH candidate to keep a similar level of coding rate.
A similar problem has been observed for aperiodic CSI-RS as it can collide with an EPDCCH monitored in a subframe. The following figures show the performance of localized and distributed EPDCCH according to the aggregation levels. In the simulation, 16 or 32 antenna ports for aperiodic CSI-RS is assumed considering multiple UEs may be configured with aperiodic CSI-RS in a same subframe and DCI format 2 is used for EPDCCH transmission. In addition, a random precoding is used for EPDCCH antenna ports virtualization. Other details of the simulation assumptions are listed in the table 1 in Annex.
The figure 1 shows the performance of a distributed EPDCCH according to the number of ECCEs and the number of aperiodic CSI-RS ports.
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Figure 1. Distributed EPDCCH performance according to the number of A-CSI-RS port and ECCEs.

In the simulation, four schemes which handles the collision differently are evaluated to investigate the collision impacts due to aperiodic CSI-RS transmission. The four schemes are listed below:
· Scheme 0: no A-CSI-RS impact (e.g., EPDDCH without aperiodic CSI-RS in a subframe)
· Scheme 1: UE transparent puncturing of EPDCCH for A-CSI-RS. A UE considers A-CSI-RS as EPDCCH REs
· Scheme 2: UE non-transparent puncturing of EPDCCH for A-CSI-RS. A UE knows the punctured EPDCCH REs due to A-CSI-RS and skip decoding the punctured REs

· Scheme 3: Rate-matching around the A-CSI-RS

From the figure 1, a significant performance loss is observed for the scheme 1 (i.e., UE transparent puncturing) while scheme 2 and 3 (puncturing and rate-matching) shows a relatively marginal performance degradation as compared with the scheme 1. It is mainly because the scheme 1 considers A-CSI-RS as EPDCCH RE which results in interference at the channel decoder. The performance loss becomes more significant as number of A-CSI-RS ports gets increased.
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Figure 2. Localized EPDCCH performance according to the number of A-CSI-RS port and ECCEs.

The figure 2 shows the performance of a localized EPDCCH according to the number of ECCEs and the number of aperiodic CSI-RS ports. The performance tendency is similar to the distributed EPDCCH and the scheme 1 still shows a significant performance loss.

Observation-1: a significant performance is observed for the UE transparent puncturing due to the interference at the channel decoder from aperiodic CSI-RS

Observation-2: puncturing or rate-matching scheme at a UE receiver before channel decoding minimizes the performance impacts and both showed a similar performance due to TBCC is used for EPDCCH as a channel coding
The downlink control channel target error rate is 1% and the UE transparent puncturing showed more than 4dB loss in some cases as compared with puncturing or rate-matching at a UE receiver. Since the EPDCCH link adaptation is based on ECCE aggregation level, four times more ECCE resources may need to be used to compensate 4dB loss. Note that use of larger aggregation level increases blocking probability as well as reduces resource utilization.
Proposal-1: puncturing of EPDCCH REs which collides with A-CSI-RS is used for EPDCCH and the A-CSI-RS configuration is known to a UE monitoring EPDCCH
So far, CSI-RS has been considered as unavailable REs, thus it is excluded from the available RE counting. Note that the number of available REs for EPDCCH (nEPDCCH) determines a set of EPDCCH aggregation levels to monitor in a subframe in order to guarantee the coverage of EPDCCH which is different from PDCCH. For example, if nEPDCCH <104 in a normal subframe, the ECCE aggregation level sets are based on {2, 4, 8, 16} for localized transmission, otherwise {1, 2, 4, 8} may be used.

Considering that the presence of A-CSI-RS is indicated dynamically in each subframe, the erroneous detection of the A-CSI-RS presence indication may result in failure of EPDCCH reception as there could be mismatch between eNB and UE for the ECCE aggregation set. Therefore, to resolve this issue, although the EPDCCH REs colliding with A-CSI-RS are punctured, it can be counted as available REs for EPDCCH aggregation level set determination.
Proposal-2: the REs for A-CSI-RS are counted as available REs for EPDCCH aggregation level set determination
3
Summary
In this contribution, we discussed on the impact of collision between A-CSI-RS and EPDCCH and the performance was evaluated in various configurations. Based on discussions and observations, we propose the following:
Proposal-1: puncturing of EPDCCH REs which collides with A-CSI-RS is used for EPDCCH and the A-CSI-RS configuration is known to a UE monitoring EPDCCH

Proposal-2: the REs for A-CSI-RS are counted as available REs for EPDCCH aggregation level set determination
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Annex
Table 1. Simulation Assumptions

	Parameter
	Setting

	MTC bandwidth
	10 MHz 

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Channel model
	EPA

	Number of receive antennas
	2

	Number of CSI-RS ports
	16 or 32 CSI-RS

	Channel estimation
	2D Wiener Filter

	Number of CRS ports
	2

	Control channel
	Localized and Distributed EPDCCH

	DCI format
	Format 2 (46 bits)

	Channel speed
	1Hz

	Performance target
	1% BLER

	Number of PDCCH symbols
	1

	Aggregation level
	2, 4, 8 ECCEs

	Number of PRBs for EPDCCH Set
	4

	Precoder for EPDCCH
	Random


