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1 Introduction

In 3GPP RAN1#79, the following agreements were made with regard to physical downlink control channel for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs for MTC. 
	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


Further progress was made on physical downlink control channel, for example the agreements below were made in 3GPP RAN1#80.

	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 discuss the DCI that will be carried by physical downlink control channel for MTC, including downlink assignment and uplink grant. 
2 Discussion
For low-complexity UE and coverage enhanced UE, different DCI formats may be necessary due to the different bit rate achievable by the physical downlink control channel for MTC. For low-complexity UE not in enhanced coverage, DCI of larger size can be carried since EPDCCH is more efficient. For coverage enhanced UEs, a large number of repetitions (e.g., tens to hundreds) in time may be necessary. Hence it is crucial that only the most important information is included in order to minimize the DCI size for coverage-enhanced UEs.

2.1 Downlink Assignment
For downlink assignment, the DCI format for supporting LC/CE UE can be modified from existing DCIs with compact format: DCI format 1A and 1C. Compared to existing DCI format 1A and 1C, the challenge for LC/CE UE is to provide information for time-frequency resource allocation. 

In the time-domain, two types of information are necessary to support PDSCH: 

(a) Start subframe index of PDSCH relative to the start subframe index of the physical downlink control channel. Since it has been agreed that the relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE, there is no need to have DCI field for indication. 
(b) The number of repetitions across subframes that the eNodeB carries out for the PDSCH transmission. As discussed in [1], higher layer signalling can be used to narrow the range of number of repetitions of EPDCCH. If the range of number of repetitions of PDSCH can be obtained via the same higher layer signalling, then only a few bits, e.g., 2-3 bits are needed in DCI for indication.
In the frequency-domain, normally the resource block allocation of PDSCH needs to be fairly flexible and cover the entire system bandwidth. For low-complexity UE operation, the operating bandwidth is reduced to a 6-PRB group somewhere within the full system bandwidth. Thus two levels of frequency-domain information are necessary:
· Location of the 6-PRB group for PDSCH within the full system bandwidth. The location of the 6-PRB group for PDSCH may be the same as EPDCCH, or different from that of EPDCCH. To provide full frequency domain flexibility, a DCI field is needed to provide the 6-PRB location. This makes the eNB scheduler easier to allocate resource and avoid collision. It should be noted that for half-duplex UEs, allowing the PDSCH frequency-domain location to be different from that of EPDCCH is not desirable, since this incurs retuning time, which compounds the tuning time the half-duplex UE needs in moving between transmission and reception modes.  Thus it should be investigate how to indicate the location of the 6-PRB group of PDSCH, considering all scenarios.
· Location of PDSCH resource within the given 6-PRB group. Let this information be provided by a DCI field called “PDSCH resource”. 
· For normal coverage UE, finer granularity of PRB allocation may be necessary since the PDSCH may only occupy a subset of the 6-PRB group. If full flexibility is allowed, then 
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· For enhanced coverage UE, lower modulation and coding rate is necessary, with the need to repeat a PDSCH transmission across multiple subframes. Thus the “PDSCH resource” field can be defined with fewer bits. For example, 2-bit “PDSCH resource” field is sufficient to indicate 3 options: (a) full 6 PRB, (b) top 3 PRBs; or (c) bottom 3 PRBs. 
Other fields in DCI format 1A and 1C also need to be re-examined before applying to LC/CE UE. For example, for LC/CE UE, the following fields in DCI format 1A are not necessary:
· Carrier indicator – 0 or 3 bits. This is because the LC/CE UE is not expected to work with more than one component carrier for both UL and DL.
· Localized/Distributed VRB assignment flag – 1 bit. Only localized VRB is relevant for LC/CE UE.
· HARQ-ACK resource offset. HARQ resource on PUCCH needs to be redesigned. Thus this field is no longer applicable.
For LC/CE UE, the following field in DCI format 1C is not necessary:
· 1 bit for indicating the gap value. 
Proposals:

· Investigate how to indicate the location of the 6-PRB group of PDSCH.
· Finer granularity of PDSCH resource within the given 6-PRB group is defined for UEs not in enhanced coverage compared with UEs in enhanced coverage.
2.2 Uplink Grant
Currently, DCI format 0 is used for the scheduling of PUSCH in one UL cell. Similar to downlink, for UL grant the challenge for LC/CE UE is also to efficiently provide information for time-frequency resource allocation. 

In the time-domain, two types of information are necessary:
(a) Start subframe index of PUSCH relative to the start subframe index of physical downlink control channel that provides the UL grant. Similar to PDSCH, it should also be defined that the relation of PUSCH timing to physical downlink control channel for MTC timing shall be known to UE, thus there is no need to have DCI field for indication.
(b) The number of repetitions across subframes that the UE carries out for the PUSCH transmission. Similar to PDSCH, the same higher layer signalling can be utilized to narrow down the range of number of repetitions of PUSCH. Thus only a few bits, e.g., 2-3 bits are needed in DCI for indication.
In the frequency-domain, the operating UL bandwidth is reduced to a 6-PRB group within the full system bandwidth. Similar to DL, two levels of frequency-domain information are necessary:

· Location of the 6-PRB group for PUSCH within the full system bandwidth. Similar to the considerations for PDSCH, it should be investigated how to indicate the location of the 6-PRB group of PUSCH, considering scheduling flexibility, DCI overhead, frequency hopping, etc. 
· Location of PUSCH resource within the given 6-PRB group. Let this information be provided by a DCI field called “PUSCH resource”. Similar to “PDSCH resource”, “PUSCH resource” field may need to be defined differently depending on if the UE is under normal coverage, or is in enhanced coverage.
Proposals:

· Investigated how to indicate the location of the 6-PRB group of PUSCH. 
· More flexibility in the PUSCH resource allocation within the given 6-PRB group is defined for UEs not in enhanced coverage compared with UEs in enhanced coverage.
3 Conclusions
In this contribution we discussed DCI carried by the physical downlink control channel for MTC. We have the following proposals.

Proposals:

· Investigate how to indicate the location of the 6-PRB group of PDSCH.
· Finer granularity of PDSCH resource within the given 6-PRB group is defined for UEs not in enhanced coverage compared with UEs in enhanced coverage.
· Investigated how to indicate the location of the 6-PRB group of PUSCH. 
· More flexibility in the PUSCH resource allocation within the given 6-PRB group is defined for UEs not in enhanced coverage compared with UEs in enhanced coverage.
References
[1] RP-150492, “Revised WI: Further LTE Physical Layer Enhancements for MTC”
[2] TS 36.213
[3] TS 36.212

[4] R1-151212, “EPDCCH aggregation and repetition for MTC,” Ericsson

2/4


_1484160410.unknown

_1484160446.unknown

