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1	Introduction
It was agreed RAN1#80, the MTC data is scheduled by “Physical downlink control channel for MTC”. This channel carries the downlink control information (DCI). Compact DCI has been suggested to reduce the number of repetitions and as a result reduces power consumption.  This contribution discusses some compact DCI implementation.
2	Discussion
In current system, data transmission involves sending a DCI (Downlink Control Indicator) carried by the EPDCCH which schedules the PDSCH.  MTC traffic is expected to be small, e.g. 72 information bits were assumed in a recent simulation study in 3GPP.  The existing DCI Format 1A can occupy 42 bits, which incur significant overhead.  Such overhead leads to significant degradation in spectral efficiency in coverage enhancement operation since coverage enhancement operation requires numerous repetitions.  It should be appreciated that the number of required repetitions is not linear to the message size, i.e., larger packet needs significantly more repetitions.  Therefore being able to use compact DCI is useful.  
Some fields in the current DCI are not required for LC-MTC or coverage enhancement operation and they can be removed to reduce the DCI size.  However, additional information bits may be required such as the subband indication and the number of repetitions. It is observed that the key information e.g. those relates to dynamic scheduling is transmitted frequently, while others are not, e.g. CSI request because the channel varies very slow. Hence, it is proposed to define a two tier DCI for low cost MTC UE which consists of an ultra-compact DCI that is used frequently and another full DCI that is expected to be used less frequently.  The full DCI contains full information to schedule a PDSCH whilst the ultra-compact DCI contains incremental information from the full DCI.  Hence information that is not expected to change frequently would not be sent in the ultra compact DCI and is assumed to be the same as the last that indicated in the latest full DCI.  The UE will blind decode these between these two DCIs.
In the current system the UE blind decodes format 0 (uplink grant) and one other downlink format (e.g. format 1A) to determine whether a DCI is uplink or downlink.  In order to reduce the number of blind decodes, the DCI indicates whether the grant is for uplink (PUSCH) or downlink (PDSCH).  
Proposal 1: Use the two tier DCI transmission for low cost and coverage enhanced MTC.

To further reduce the blind decodes, the EPDCCHs carrying the ultra-compact DCI and the full DCI can end at different time. It is reasonable to assume that the UE usually performs blind decoding at the end of the repetitions when it has accumulated all repetitions to save the battery power and if the EPDCCHs end at different time the UE only needs to blind decode one of the two DCIs. The ultra-compact DCI would have fewer repetitions than those of the full DCI and hence they would naturally end at different subframes.  An example is shown in Figure 1 where it is assumed the number of repetitions for ultra-compact DCI is half of Full DCI. Due to the different repetition, the ultra compact DCI and full DCI can end at different subframe for example the ultra compact DCI ends at time 1 and 2 whilst the full DCI ends at time 3.  Note that an offset is applied between the start of these two DCI so that the full DCI ends at different time, this is only needed if the full DCI repetition is multiple that of the ultra compact DCI.  The UE can be made aware of the start and end time of these DCI and therefore the UE need only to blind decode a single type of DCI.


Figure 1: Repetition of ultra compact DCI & full DCI

Proposal 2: The two tier DCIs use different repetitions and end at different time.

The ultra compact DCI is a subset of the full DCI and a possible implementation is shown in Table 1:
[bookmark: _Ref419116564]Table 1: Ultra compact DCI contents
	Field
	Size
	Remark

	Flag for uplink and downlink differentiation
	1bit
	Same DCI for both PUSCH, PDSCH. And furthermore, the normal UE receives RAR by monitoring DCI 1C, here only one DCI is for all. This is very useful to reduce the blind decoding.  It should be appreciated that this may not be needed if the number of blind decoding is not significant. 

	Resource block assignment
	2, 3, 4bits
	Use fewer bits to indicate a subset of the combinations, other than a bitmap. 

	Modulation and coding scheme
	3bits
	Non-adaptive RV is used for both uplink and downlink, i.e. not need to indicate RV. This is to reduce the size without considerable performance loss. For normal UE, downlink RV can be adaptive, so RV needs to be indicated.
For DCI format 0 or 1A, this is 4bits.

	New data indicator
	1bit
	New data indicator for HARQ

	Downlink HARQ process ID

	2 or 3bits
	2bits is used when the number of HARQ processes is reduced to 4. The bits for this field are reserved in scheduling uplink.

	Total
	9~13bits
	



It can be seen the above definition fo the ultra compact DCI only needs 9 to 13 bits (excluding CRC) which is much more efficient than current DCI format 0/1A.
Additionally, the full DCI may include the additional information as shown Table 2.
[bookmark: _Ref419116843]Table 2: Additional contents in full DCI
	Frequency hopping
	1bit
	Frequency hopping control

	CSI request
	1bit
	To request the MTC UE to report CSI

	TPC
	2bit
	The same as current spec

	Repetition control
	2bits
	To control the repetition in case of coverage enhancement.

	Subband configuration
	 bits

	Ns is the number of the MTC subbands defined in the system.

	Total
	19~23bits
	For 20MHz



The full DCI is about twice the size of ultra compact DCI. This does not increase the overhead much, because the full DCI is not frequently transmitted as discussed above.
Proposal 3: Consider the DCI contents in Table 1 and Table 2.

3		Conclusion
In this contribution, we discuss the two tier DCI transmission for low cost and coverage enhanced MTC UE.  We propose the following:
Proposal 1: Use the two tier DCI transmission for low cost and coverage enhanced MTC.
Proposal 2: The two tier DCIs use different repetitions and end at different time.
Proposal 3: Consider the DCI contents in Table 1 and Table 2.
[bookmark: _GoBack]
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