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Discussion/Decision
1
Introduction
In Rel-13 low-complexity UE WI [1], the additional limited capabilities for the MTC UE have been listed under three categories such as cost reduction, coverage enhancement, and reduced power consumption. As a part of further cost reduction, the followings have been agreed as candidate techniques:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Reduced maximum transmit power.

· Reduced support for downlink transmission modes.

· UE processing relaxations

The major impact from the limited capabilities mentioned above seems to be the reception of the physical downlink channel transmitted in a wideband manner as the bandwidth limited UE is not able to receive the wideband signal if the system bandwidth larger than 1.4 MHz. There are serveral physical channels transmitted in a wideband manner used for unicast traffic such as PCFICH, PHICH, PDCCH, and PUCCH. Therefore, the physical channels should be redesigned and/or modified to support unicast traffic for the bandwidth limited Rel-13 low-complexity UE. Furthermore, the required other capabilities such as coverage enhancement and reduced power consumptions should be also taken into account as design considerations.
In this contribution, we therefore discuss on the potential candidate techniques for the physical channels related to unicast traffic for Rel-13 low-complexity UE.
2
Discussion
In RAN1 #78bis meeting, the physical downlink control channel for MTC UE was discussed and the followings were agreed as a progress:

Agreements:

· Regarding the physical downlink control channel for MTC:

· It is used to transmit DCI messages to Rel-13 low complexity UEs

· Its usage for other purposes than unicast transmission is FFS

· Its usage for other UEs in enhanced coverage is FFS

· It is a narrowband (within 6 PRBs) control channel

· Its demodulation is based on CRS and/or DMRS (FFS)

· It is not mapped to legacy control regions
· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable
· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH

From the agreements, the dynamic scheduling capability for the unicast traffic using DCI is kept for low-complexity UE as well since it provides full scheduling flexibility at the eNB transmitter. In addition, the legacy PDCCH or EPDCCH will be also reused as much as possible for the DCI transmission within the reduced bandwidth.
The EPDCCH USS can be configured in a subset of PRBs in the PDSCH region which is not overlapped with the legacy control region, therefore it can be simply reused for the bandwidth limited UE without any additional change which seems to be a major benefit of adopting EPDCCH as downlink control channel for Rel-13 low-complexity UE. On the other hand, the PDCCH in the narrow bandwidth and PDSCH region may require to address a couple of complicated issues:

· Resource definition

· Collision handling with DM-RS and/or CSI-RS

· Multiplexing with PDSCH

· Scheduling restriction in MBSFN subframe

· Etc.
In addition, the main advantage of PDCCH, which has been observed as better performance over distributed EPDCCH due to its channel estimation performance gain and frequency diversity gain, could be easily disappeared since the operating bandwidth will be limited to 6 PRBs. The figure 1 shows that the performance gap between PDCCH and distributed EPDCCH is significantly reduced as the operating bandwidth gets smaller (~3.5dB gap in 50 PRBs and ~1.5dB gap in 6 PRBs). Therefore, the performance gain from the PDCCH doesn’t seems to be enough to justify all the specification efforts to introduce PDCCH in the narrowband. Also, if a CSI is available at the eNB transmitter, the localized EPDCCH may be configured to exploit beamforming gain which outperforms PDCCH.

Figure 1. PDCCH and EPDCCH performance according to the operating bandwidth

Therefore, it seems to be quite obvious to adopt EPDCCH as a starting point in order to avoid unnecessary standard efforts.
Proposal-1: EPDCCH is used for the DCI associated with unicast traffic as a starting point.

So far, it has been a typical UE behaviour that a UE monitors DCIs associated with PDSCH and/or PUSCH in all downlink subframes in the UE-specific search space. This allows dynamic resource allocation for better resource utilization at an eNB scheduler and it is also beneficial to support various types of traffics. Given that the Rel-13 low-complexity UE is delay tolerant, reducing the number of downlink subframe for EPDCCH monitoring could provide significant benefits in terms of UE power saving in the RRC_CONNECTED mode. In this case, for better resource utilization, the subset of downlink subframe for EPDCCH monitoring could be configured in a UE-specific manner.
Proposal-2: Rel-13 low-complexity UE monitors the EPDCCH in a subset of downlink subframes.

Since the bandwidth limited low-complexity UE is not able to receive PHICH, the only option remained is using UL grant for uplink retransmission which seems to be simpler as no additional specification efforts required. However, the overhead from the UL grant based retransmission should be carefully investigated especially in coverage enhanced mode as it could be repetitively transmitted for a long time period which may result in scheduling restriction as well as inefficient resource utilization.

Proposal-3: investigate the necessity of EPHICH in the view point of the control signalling overhead for retransmission.
In Rel-12, the eIMTA was introduced to support a dynamic traffic adaption between uplink and downlink in TDD so that the UL/DL subframe configuration can be changed dynamically in a cell. Although some of the uplink subframes indicated in SIB-1 are used for downlink, there was no impact for the UE not having eIMTA capability as the eNB schedule can avoid the scheduling. However, it may result in a significant problem for the UE in coverage enhanced mode of operation irrespective of the eIMTA capability.

Considering that repetition is used for (E)PDCCH, PDSCH, and PUSCH for coverage enhancement, the repetition will be used over multiple subframes. In this case, if some of uplink subframes are used for downlink, a UE may transmit PUSCH in a downlink subframe which is reconfigured. Given that the coverage enhancement could be used for all UE categories as a mode of operation and dynamic UL/DL traffic adaptation in TDD is one of the important functionality which provide a significant gain, the coverage enhanced mode should be supported in eIMTA-enabled cell as well.

Proposal-4: coverage enhancement should be supported in eIMTA-enabled cell as well.
3
Conclusion
In this contribution, we discussed on the potential issues for the physical channel impacts for the Rel-13 low-complexity UE. From the discussions, we propose followings:
Proposal-1: EPDCCH is used for the DCI associated with unicast traffic as a starting point.

Proposal-2: Rel-13 low-complexity UE monitors the EPDCCH in a subset of downlink subframes.

Proposal-3: investigate the necessity of EPHICH in the view point of the control signalling overhead for retransmission.
Proposal-4: coverage enhancement should be supported in eIMTA-enabled cell as well.
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Annex
Table 1. Simulation Assumptions
	Parameter
	Setting

	System bandwidth
	1.4 MHz & 10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA 

	Channel estimation
	Realistic

	CRS ports
	PDCCH: Port 0 & 1
EPDCCH: Port 0

	Control channel
	Legacy PDCCH 
Distributed EPDCCH

	DCI Format
	Format 0

	PRB bundling for EPDCCH
	No

	Doppler spread
	1Hz

	Performance target
	1% BLER

	Number of PDCCH symbols
	PDCCH: 4
EPDCCH: 0

	Aggregation level
	PDCCH: 4 CCE (36 REs per CCE)
EPDCCH: 4 ECCE (34 REs per ECCE)

	Number of PRBs for EPDCCH Set
	4

	PRBs used for EPDCCH
	1.4 MHz: {0,1,3,4}
10 MHz:  {3,17,31,45}


