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1 Introduction

In RAN1#79, the following were concluded regarding the transmission of DL control channels [1]. 

· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz
· CFI where the UE can start control/data reception is provided by one of following alternatives

· Alt. 1: Signaling in MIB

· Alt. 2: Signaling in SIB

· CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system information
· Alt. 3: Fixed in a specification for all subframes

· Note: RAN1 will conclude it among above 3 alternatives in RAN1 #80 meeting

· 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

· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported at least for Rel-13 UE supporting enhanced coverage
This contribution considers aspects related to the reduction of active transmission/reception time. “EPDCCH” is used to refer to “Physical downlink control channel for MTC”.
2 DL Control Signaling
2.1 Starting Subframe Symbol for DL Transmissions
It is currently FFS whether the starting subframe symbol is indicated by the MIB, the SIB, or it is fixed in the specifications (where it is assumed that 3 subframe symbols will be specified for the legacy DL control region). 

Depending on the operating environment, the legacy DL control region can span between 1 and 3 subframe symbols (for DL bandwidths of 5 MHz and above). In many cases, such as for operation during off-peak traffic hours, for suburban/rural cells, for small cells, etc., 1 subframe symbol is practically sufficient while in other cases, such as for an urban macro-cell during peak traffic hours, 3 subframe symbols are needed. Using always 3 subframe symbols results to a resource loss of 2/11=18% which is significant and can occur in operating environments where MTC traffic is likely to be scheduled. Obviously, resource loss makes MTC traffic even less spectrally efficient for a network and increases UE power consumption (e.g. tens or even hundreds more repetitions will be needed to transmit the SIB for maximum coverage enhancements [2]).  

Proposal 1: The starting subframe symbol for DL transmissions to Rel-13 low cost UEs is indicated by 2 spare bits in the MIB – MIB repetitions are mapped assuming 3 subframe symbols for the legacy DL control region. 

2.2 Reduction of Transmission/Reception Time – Compact DCI Formats
Reduction of transmission/reception time is achieved by reducing the number of EPDCCH repetitions. This can be accomplished by physical layer means, such as a combination of inter-subframe RS filtering to improve channel estimation and frequency hopping to improve frequency diversity that is even more critical for EPDCCH due to the lower target BLER [3, 4], but also (to a lesser extent) with DL/UL DCI format size reduction.

Proposal 2: Inter-subframe RS filtering and frequency hopping per group of subframes shall be supported for EPDCCH transmissions to Rel-13 low cost UEs.  

DCI format size reduction needs to basically address the following fields where DCI Format 0 and DCI Format 1A are used as references. The DCI format size reductions can be applicable at least when a Rel-13 low cost UE is configured to receive EPDCCH with repetitions and are intended to identify existing fields that can be removed or reduced.    

Table 1 presents the fields of the legacy DCI format 0 and considers fields that can either be eliminated or reduced in size for a compact UL DCI format for Rel-13 low cost UEs transmitting PUSCH with repetitions.

Table 1: DCI Format 0 
	DCI Format 0 Field
	Number of Bits
	Comment

	Differentiation Flag for DCI Format 0 vs. DCI Format 1A
	1
	Needed if UL/DL DCI formats for Rel-13 low cost UE have same size

	RB assignment and hopping resource allocation
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	Enumeration suffices to address 1 RB or one sub-RB within 6 RBs if narrowband PUSCH is supported 

	FH Flag
	1
	Not needed – FH is by default or by configuration (per group of SFs to enable DMRS filtering)

	MCS and RV
	5
	Can be reduced – also, RV is not needed as chase combining suffices for small TB sizes

	NDI
	1
	Needed (particularly if no PHICH substitute)

	TPC Command
	2
	Not needed – max transmission power for repetitions

	CS and OCC Index 
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	3
	Not needed – no benefit from MU-MIMO for PUSCH over 1 RB (or less) and no PHICH support

	CSI Request
	1
	FFS

	SRS Request
	1
	FFS

	DL Assignment Index (DAI) – for TDD
	0 (FDD) or 2 (TDD)
	Not needed with repetitions – also, HARQ-ACK may not be multiplexed in PUSCH

	UL Index – for TDD
	0 (FDD) or 2 (TDD)
	Not needed with repetitions

	Padding Bits (for size 0 = size 1A)
	Variable
	FFS

	C-RNTI
	16
	FFS whether can be reduced


If P-CSI is not supported, A-CSI is needed but further discussion is required whether a coverage limited UE needs to support the CSI measurements and/or modes of a legacy UE [5] or whether CSI can be implicitly derived, for example by reporting number of repetitions required for detecting PDSCH or EPDCCH. 
If P-SRS is not supported, A-SRS is needed but, similar to A-CSI, further discussion is needed about how an eNB can obtain an accurate UL channel estimate or timing using the SRS from a coverage limited UE.

Finally, it may not be possible to reduce the C-RNTI/CRC to less than 16 bits, e.g. to 8 bits, as it is preferable to allow a UE implementation to attempt early detection of a DCI format transmitted with repetitions in order to minimize power consumption. This can result to an effective SINR leading to bit-error-rate of ~50% and a probability of false CRC check of 1/2L where L is the CRC length.
Proposal 3: Consider a reduced UL DCI format size by reducing size or by eliminating at least the following fields of DCI format 0: RB assignment, FH flag, MCS and RV, TPC command, CS and OCC index, DAI, UL index and (FFS) CSI request and SRS request. 

Table 3 presents the fields of the legacy DCI format 1A and considers fields that can either be eliminated or reduced in size for a compact UL DCI format for Rel-13 low cost UEs transmitting PUSCH with repetitions.

Table 2: DCI Format 1A 
	DCI Format 1A Field
	Number of Bits
	Comments

	Differentiation Flag for DCI Format 0 vs. DCI Format 1A
	1
	Needed if UL/DL DCI formats for Rel-13 low cost UE have same size

	RB assignment 
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	Not needed as 6 RBs are used for PDSCH repetitions – starting 6 RBs can be configured

	Distributed/Localized Transmission Flag
	1
	Not needed - FH is by default or by configuration (per group of SFs to enable DMRS filtering)

	MCS
	5
	Can be reduced in size

	NDI
	1
	Needed

	RV
	2
	Not needed – chase combining suffices

	HARQ Process Number
	3 (FDD) or 4 (TDD)
	Reduced size (minimal impact in general - no impact with repetitions or HD-FDD in particular)

	TPC Command
	2
	Not needed – HARQ-ACK/SR transmission is with maximum power in case of repetitions 

	SRS Request
	1
	FFS

	DAI – for TDD
	0 (FDD) or 2 (TDD)
	Not needed for repetitions

	HARQ-ACK Resource Offset
	2
	Not needed [5]

	Padding Bits for 0=1A
	0
	FFS

	RNTI
	16
	FFS whether can be reduced


Similar comments as for a compact UL DCI format apply. Regarding the HARQ-ACK resource offset, a determination on whether or not to maintain that field can be made once the method to determine the PUCCH resources is concluded. 
Proposal 4: Consider a reduced DL DCI format size by reducing size or by eliminating the following fields of DCI format 1A: RB assignment, D/L flag, MCS, RV, HARQ process number, TPC command, DAI, and (FFS) SRS request. 

2.3 Using DMRS and/or CRS for EPDCCH demodulation
Distributed EPDCCH (in the sense of using different sets of 6 PRBs across groups of subframes) needs to be supported for EPDCCH due to the sporadic nature of transmissions. For example, a UE can be scheduled after a long DRX where channel conditions may change and communication between the UE and the eNB may last only for a short time period as the data packet to be conveyed can be small (especially in the DL where it may only consist of small RRC reconfiguration messages). Localized EPDCCH using long term PMI may also be considered.

Distributed EPDCCH uses random precoding for the DMRS of the EPDCCH transmitted from each antenna port. Therefore, unless DMRS is transmitted without precoding (no Tx diversity) or unless the Tx diversity for EPDCCH is based on SFBC, DMRS cannot be combined with the CRS for EPDCCH demodulation. The same applies in case of localized EPDCCH transmission. Use of SFBC for Tx antenna diversity was discussed in Rel-11 and random precoding was instead selected. Therefore, EPDCCH demodulation should be based on DMRS. 

As for other DL/UL channels, improving channel estimation and enabling frequency hopping is critical to improving spectral efficiency and UE power consumption for EPDCCH transmissions particularly for a 1% target BLER (compared to a 10% target BLER for PDSCH/PUSCH). This implies that a number of EPDCCH repetitions are transmitted in same set of 6 RBs (to enable DMRS filtering) prior to subsequent hopping to a different set of 6 RBs for the next number of EPDCCH repetitions (to enable frequency diversity). Additionally, the UE can assume that the same DMRS precoding is applied in the number of EPDCCH repetitions in a set of 6 RBs.

Proposal 5: EPDCCH demodulation is based on DMRS. The UE can assume the same DMRS precoding for successive repetitions of an EPDCCH transmission in a same set of 6 RBs. 
3 Conclusions

This contribution considered aspects for the reduction of active EPDCCH transmission/reception time. In particular, the following are proposed.
Proposal 1: The starting subframe symbol for DL transmissions to Rel-13 low cost UEs is indicated by 2 spare bits in the MIB – MIB repetitions are mapped assuming 3 subframe symbols for the legacy DL control region. 

Proposal 2: Inter-subframe RS filtering and frequency hopping per group of subframes shall be supported for EPDCCH transmissions to Rel-13 low cost UEs.  

Proposal 3: Consider a reduced UL DCI format size by reducing size or by eliminating the following fields of DCI format 0: RB assignment, FH flag, MCS and RV, TPC command, CS and OCC index, DAI, UL index and (FFS) CSI request and SRS request. 

Proposal 4: Consider a reduced DL DCI format size by reducing size or by eliminating the following fields of DCI format 1A: RB assignment, D/L flag, MCS, RV, HARQ process number, TPC command, DAI, and (FFS) SRS request. 

Proposal 5: EPDCCH demodulation is based on DMRS. The UE can assume the same DMRS precoding for successive repetitions of an EPDCCH transmission in a same set of 6 RBs.   
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