3GPP TSG RAN WG1 Meeting #80bis

R1-152123
Belgrade, Serbia, 20th – 24th April 2015
Agenda item:
7.2.1.1
Source:
InterDigital

Title:
DL control channels for MTC UE
Document for:

Discussion/Decision
1
Introduction
In RAN1 #80, the followings have been agreed as a progress for the physical downlink control channel for MTC [1]:
Agreements:
· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz

· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs 

· Working assumption: The demodulation of the physical downlink control channel for MTC is based on at least DMRS

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· Confirm the 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

Agreements:

· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage

· For UE-specific search space, from the UE perspective, the possible starting sub-frames of physical downlink control channel for MTC repetitions are limited to a subset of subframes.

· If/When PDSCH is indicated via physical downlink control channel for MTC:

· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.

· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).

· Working assumption: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement.

In this contribution, we will discuss on the remaining issues for further progress on the physical downlink control channel design for MTC.
2
DL control channel for normal coverage
It has been agreed that a DCI is used to schedule uplink or downlink data channels for MTC UEs in order to keep the scheduling flexibility at the eNB transmitter for both normal and coverage enhanced mode of operations. In addition, it has been also agreed as a working assumption that the Rel-11 EPDCCH is a starting point of the DL control channel design for coverage enhancement in RAN1 #80. However, there are still two options on the table for normal coverage such as EPDCCH based and PDCCH based for the DL control channel design. 

In order to narrow down the options properly for DL control channel for normal coverage, RAN1 should carefully investigate the potential specification impacts, scheduling flexibility, resource utilization, and performance of each option.
Specification Impacts

The PDCCH based (e.g. NC-PDCCH [2]) option has been proposed for the DL control channel for bandwidth limited MTC UE which may be considered as a time shifted version of legacy PDCCH within the reduced bandwidth (e.g. 1.4 MHz). 
Since the NC-PDCCH should be located in a PDSCH region in order to avoid overlapping with the legacy control region, the NC-PDCCH may require the collision handling with other downlink channels and/or reference signals which may not be the case for the legacy PDCCH. For example, multiple CSI-RS configurations may be used for regular UEs in a cell and the CSI-RS may be transmitted in the PDSCH region which may be used for NC-PDCCH. In this case, one or more REGs within a CCE may collide with a CSI-RS, which may result in unbalanced coding rate across the decoding candidate. Therefore, a specification effort is required to handle the collision. In addition, due to the absence of the CRS in MBSFN subframe, a new reference signal should be designed (e.g. fake CRS) for the NC-PDCCH which may be an additional specification effort. On the other hand, EPDCCH based (e.g. reuse of Rel-11 EPDCCH) may not require any additional specification efforts since it has been designed to be configured within a set of PRBs and handle all possible collision with other downlink signals in the PDSCH region.

Furthermore, the DL control channel for coverage enhancement has been agreed to be designed based on Rel-11 EPDCCH. Therefore, it seems to be straightforward to use the same DL control channel structure for normal coverage as well which will minimize the specification impact as well as the UE implementation complexity. Note that the DL control channel for coverage enhancement may be based on a simple repetition of DL control channel for normal coverage.

Observation-1: NC-PDCCH requires much higher specification efforts as compared with EPDCCH

Scheduling flexibility and resource utilization
Since the NC-PDCCH may be located in the OFDM symbols containing DM-RS, the NC-PDCCH resource may be significantly limited if DM-RS based transmission is scheduled in the same PRB due to the collision. Therefore, it is appropriate not to schedule a UE with DM-RS based transmission in the PRBs containing NC-PDCCH. Since the frequency resources may be shared between MTC UE and regular UE, the scheduling restriction of DM-RS based transmission in the PRBs used for MTC UE seems to be a huge drawback from a resource utilization perspective. In addition, a fake CRS may need to be used for NC-PDCCH in an MBSFN subframe which is unknown to a legacy UE as well, therefore the legacy UE couldn’t be scheduled in the PRBs used for NC-PDCCH in an MBSFN subframe even though the NC-PDCCH is not overlapped with a DM-RS. 

On the other hand, since EPDCCH uses a subset of PRBs within the reduced bandwidth, unused PRBs may be used for a regular UE configured with DM-RS based transmission always. Therefore, the resource sharing between MTC UE and regular UE with EPDCCH seems to be very flexible. 
Observation-2: PRBs used for NC-PDCCH may not be shared with a regular UE configured with DM-RS based transmission.

As agreed, EPDCCH may be used as DL control channel for MTC UE in coverage enhanced mode of operation. Therefore, reusing EPDCCH design for normal coverage may allow resource sharing between MTC UE in normal coverage and UEs with coverage enhancements which may provide huge benefit in terms of resource utilization and/or scheduling flexibility. Note that a part of control channel (e.g. a subset of ECCEs) may be used for a coverage enhanced UE so that multiplexing of normal coverage MTC UE and coverage enhanced UE in the same DL control channel could be supported. However, if NC-PDCCH is used for normal coverage, at least two separate resources need to be configured for normal coverage and coverage enhancement which seems to be inefficient from resource utilization perspective.
Observation-3: reusing EPDCCH for normal coverage allows multiplexing of normal coverage UE and coverage enhanced UE in the same resource while NC-PDCCH requires separate resource.

Performance

It has been observed that the legacy PDCCH outperforms in general EPDCCH by taking an advantage of better channel estimation accuracy from CRS as well as frequency diversity gain. However, the channel estimation gain from the CRS is limited in a reduced bandwidth as its averaging gain is diminished and the frequency diversity gain could be easily disappeared [3]. Furthermore, if a localized EPDCCH is used which may be utilized for a UE configured with closed-loop MIMO mode, the EPDCCH may perform even better than PDCCH in the reduced bandwidth due to its beamforming gain [3].
In another aspect, the maximum coverage for the NC-PDCCH may be worse than that for the EPDCCH with existing configurations. For example, NC-PDCCH may occupy up to 4 OFDM symbols in the PDSCH region and which support up to 4 CCE aggregation level as a maximum due to the limitation of the available resource within the NC-PDCCH region while a larger ECCE aggregation levels may be supported with EPDCCH (assuming 2 PRBs or 4 PRBs within the reduced bandwidth). The figures 1 and 2 show the performance of the maximum coverage for the NC-PDCCH and EPDCCH (with 2PRB and 4PRB), where the maximum CCE aggregation levels available is used. From the figures, it can be seen that the EPDCCH provides better maximum coverage when 4 PRBs are configured and a similar coverage with NC-PDCCH if 2 PRBs are configured.
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Figure 1. Performance of NC-PDCCH and EPDCCH with a largest aggregation level (EPA).
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Figure 2. Performance of NC-PDCCH and EPDCCH with a largest aggregation level (ETU).
Observation-4: EPDCCH may provide better maximum coverage with existing configurations.
From the observations, it seems to be obvious that EPDCCH should be the starting point for the DL control channel design of normal coverage case as well.
Proposal: Reuse Rel-11 EPDCCH as a starting point for DL control channel for MTC UE in normal coverage

3
Conclusion
In this contribution, we investigated DL control channel options for MTC UE in normal coverage. From the investigation, we observed followings: 
Observation-1: NC-PDCCH requires much higher specification efforts as compared with EPDCCH

Observation-2: PRBs used for NC-PDCCH may not be shared with a regular UE configured with DM-RS based transmission.

Observation-3: reusing EPDCCH for normal coverage allows multiplexing of normal coverage UE and coverage enhanced UE in the same resource while NC-PDCCH requires separate resource.

Observation-4: EPDCCH may provide better maximum coverage with existing configurations.

From the observations, we proposed to reuse Rel-11 EPDCCH as a starting point for DL control channel for MTC UE in normal coverage.
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Annex
Table 1. Simulation Assumptions

	Parameter
	Setting

	MTC bandwidth
	1.4 MHz 

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Channel model
	EPA, ETU

	Number of receive antennas
	1

	Number of transmit antennas
	2

	Antenna correlation
	low

	Channel estimation
	Non-ideal

	Number of CRS ports
	2

	Control channel
	Legacy PDCCH in PDSCH region 

Distributed EPDCCH

	DCI Payload size
	37 bits

	PRB bundling for EPDCCH
	No

	Channel speed
	1Hz, 30Hz

	Performance target
	1% BLER

	Number of PDCCH symbols
	3

	Aggregation level
	NC-PDCCH: 4 CCE (maximum in 1.4Mhz)
EPDCCH: 8 and 16 ECCEs for 2 and 4 PRBs

	Number of PRBs for EPDCCH Set
	2, 4

	Number of NC-PDCCH symbols
	4

	PRBs used for distributed EPDCCH within 1.4MHz
	8 ECCE {0, 5}

16 ECCE {0,1,4,5}


