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1 Introduction
Rel-13 work item on further LTE physical layer enhancements for MTC was approved in [1]. 
According to the WID, Rel-13 low complexity UE supports reduced UE bandwidth of 1.4 MHz in downlink and uplink. The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink. In addition, a relative 15dB coverage enhancement for FDD is targeted and either elimination or repetition can be considered for control channels according to the WID. 

The following agreements were made in RAN1#79.

Agreement:
· At least for unicast channel,

· For the ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage,

· Strive to reduce active transmission/reception time by considering the DCI size
· UE monitoring of multiple ‘Physical downlink control channel for MTC’ decoding candidates and/or one or more repetition level(s) is supported at least for the UE-specific search space
· FFS: whether RS for ‘Physical downlink control channel for MTC’ is based on DMRS, CRS or both

· Working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs
· FFS: SIB/RAR/Paging operation without ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage
· FFS: Common search space of ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage
In this contribution, we analyze physical downlink control channel for Rel-13 low complexity UEs.
2 Discussion

Rel-13 MTC UEs shall only support 1.4MHz RF bandwidth and shall target for a 15dB coverage enhancement relative to its nominal coverage. Hence, the downlink control channel carrying a DCI for a Rel-13 coverage enhanced MTC UE needs to be transmitted over multiple subframes in order to meet the coverage enhancement target. In addition, UE power consumption needs to be kept as minimum as possible, in order to extend the MTC UEs’ battery life. Therefore, it shall be allowed that all available REs within 1.4MHz are used for transmission of a DCI to Rel-13 coverage enhanced MTC UE(s), which will reduce the number of repetition subframes and hence reduce the power consumption of Rel-13 MTC UE(s). Hence, we propose to confirm the working assumption reached in RAN1 78bis: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs.
Proposal 1: It is proposed to confirm the working assumption reached in RAN1 79: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs.

For enhanced coverage UEs, different UEs may have different coverage enhancement requirement levels. Therefore several physical downlink control channel repetition levels (e.g. 3 repetition levels) can be supported. In order to reduce the total power consumption, UEs in coverage enhanced mode may assume that the MTC PDCCH in each subframe within the repetition window occupies all the available REs in 6 PRB pairs, and the UE only needs to monitor different repetition levels without monitoring different decoding candidates. 
Proposal 2: UEs in coverage enhanced mode only needs to monitor different repetition levels without monitoring different decoding candidates.
It has been agreed that the reference signal used to demodulate the physical downlink control channel for MTC can be CRS, DMRS, or CRS and DMRS. For Rel-13 low complexity UE in normal coverage, reusing E-PDCCH specified in Rel.11 may be a natural choice from the aspect of reducing the standardization work and UE implementation complexity. Furthermore, DMRS based UE specific beamforming can provide improved coverage performance as illustrated in the past study such as Rel. 11 E-PDCCH WI. Thus, DMRS based E-PDCCH can be used for Rel-13 low complexity UE in normal coverage.

For the coverage enhancement case where all available REs within 6 PRBs are used to transmit just one DCI for Rel-13 coverage enhanced UE(s), the following aspects need to be considered:
· If this DCI is common to multiple or all Rel-13 MTC UEs, then performance between CRS based transmit diversity and DMRS based random beamforming shall be compared. 

· If this DCI is dedicated to a particular Rel-13 MTC UE, then performance between CRS based transmit diversity and DMRS based UE specific beamforming shall be compared. It is also necessary to consider the availability and accuracy of CSI feedback from Rel-13 MTC UEs, in order to better assess the potential UE specific beamforming gain with DMRS to demodulate the physical downlink control channel for MTC.
· In either case, the additional DMRS overhead needs to be factored in when comparison the performance.

An initial link level simulation is performed to compare the performance of CRS based SFBC and DMRS based random beamforing. The detailed simulation assumptions are listed in Table 1 in the Appendix. Figure 1 shows the performance comparison between CRS based SFBC and DMRS based RBF for the non-repetition case. It can be seen that the decoding performance of CRS based SFBC outperforms that of DMRS based RBF with channel estimation granularity of 1 PRB, while DMRS based RBF with channel estimation granularity of 3 PRBs outperforms CRS based SFBC. The 10x repetition case is shown in Figure 2. Similar decoding performance of CRS based SFBC and DMRS based RBF is observed.
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Figure 1: Performance comparisons between CRS based SFBC and DMRS based RBF (Non-repetition case)
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Figure 2: Performance comparisons between CRS based SFBC and DMRS based RBF (10x repetition case)

From the above discussion, from the aspects of standardization work, UE implementation complexity and the decoding performance, DMRS based beamforming can be used as the design basis for the physical downlink control channel for Rel-13 low complexity and coverage enhancement UEs. 
Proposal 3: DMRS based beamforming can be used as the design basis for the physical downlink control channel for Rel-13 low complexity and coverage enhancement UEs.
Physical downlink control channel for Rel-13 low complexity UEs is not mapped to legacy control regions. Consequently, its collision with CSI-RS needs to be considered. It is not a problem for PDCCH because there is no CSI-RS in legacy control region. EPDCCH is rate matched around CSI-RS REs configured by dedicated RRC signaling which is scheduled by PDCCH. A straightforward solution is to rate match around all the potential CSI-RS REs for the physical downlink control channel for Rel-13 low complexity UEs before UE is informed CSI-RS configuration. Afterwards, physical downlink control channel is rate matched around the CSI-RS REs based on the informed configuration. Then the collision problem can be solved, although some REs in the subframe in which CSI-RS is not transmitted may be wasted. In order to improve the transmission efficiency, it is beneficial to inform the UE about the CSI-RS configuration as early as possible, e.g. by signaling the CSI-RS configuration in SIB1 can be considered.
Proposal 4: The collision between physical downlink control channel for Rel-13 low complexity UEs and CSI-RS needs to be considered.

Proposal 5: For UEs in coverage enhanced mode, signaling the CSI-RS configuration in SIB1 can be considered.
3 Conclusions

Based on the analysis on physical downlink control channel for Rel-13 low complexity UEs, we have the following observation and proposal.
Proposal 1: It is proposed to confirm the working assumption reached in RAN1 78bis: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs.

Proposal 2: UEs in coverage enhanced mode only needs to monitor different repetition levels without monitoring different decoding candidates.

Proposal 3: DMRS based beamforming can be used as the design basis for the physical downlink control channel for Rel-13 low complexity and coverage enhancement UEs.

Proposal 4: The collision between physical downlink control channel for Rel-13 low complexity UEs and CSI-RS needs to be considered.

Proposal 5: For UEs in coverage enhanced mode, signaling the CSI-RS configuration in SIB1 can be considered.
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5 Appendix
Table 1: Link level simulation assumptions
	Parameter
	Value

	Transmission scheme
	SFBC
	RBF

	Decoding reference signal
	CRS port1/2
	DMRS port7/9

	RS overhead
	CRS port1/2
	CRS port1/2 and DMRS port7/9

	System bandwidth
	1.4MHz

	Frame structure
	FDD

	Carrier frequency
	2.6GHz

	Antenna configuration
	2Tx,2Rx,  low correlation

	Channel model
	EPA

	UE speed
	1Hz

	DCI payload
	25 bits

	Number of used PRBs 
	6

	CFI 
	2

	Performance target
	1% BLER

	Channel estimation granularity 
	6 PRB 
	1PRB when the precoding is random among 6 PRBS;              or 

3PRB when the precoding of 3 adjacent PRBs are the same.

	Channel estimation for coverage enhanced mode
	Realistic multiple subframes channel estimation 



	Repetition number
	No repetition or 10x repetition
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