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1 Introduction
There are following progress made for design of DCI for at least unicast PDSCH,

Conclusion:

· FFS the detailed DCI management and structure for PUSCH transmissions for eMTC UEs, starting from the existing DCI format 1A
Confirm the following revised working assumption
· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,

· Case 1:

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs

· CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details

· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband

· This doesn’t preclude predefined frequency hopping
Agreements:

· For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers

· Note: the configuration can be explicit or implicit

· FFS: Use of different RVs or transmitting code bits of a TB across subframes for the repetitions

· Note: any previous agreements on RV still hold

· The dynamic signaling is via:

· Option 1: existing field in DCI 

· Option 2: A new field in DCI dedicated to provide the number of repetitions
In current LTE, for PUSCH transmission DCI format 0 is used. For PDSCH compact scheduling DCI format 1A can be considered. Focusing on the design of unicast transmission, we take DCI format 0/1A as a baseline in this contribution to provide our analysis about scheduling PUSCH/PDSCH in normal and multiple enhanced coverage levels respectively. 
2 DCI for scheduling DL transmission 
2.1 DCI used in normal coverage

Starting from the DCI format 1A, the necessity and modification to current fields and possible number of bits needed for MTC UEs in normal coverage are analyzed below:
· Carrier indicator, localized/Distributed VRB assignment flag
As analyzed in our companion contribution [2], in view of Rel-13 low complexity UE and UEs operating coverage enhancement don’t need carrier aggregation and the resource allocation for unicast transmission should be within one narrowband, the fields of carrier indicator and localized/distributed VRB assignment flag can be removed.
·  Flag for format0/format1A differentiation
For low complexity MTC UEs, it is still expected to let DCI for scheduling UL and DL have the same payload size so as to reduce blind detection procedure as much as possible. So this 1 bit is useful.
· Resource block assignment

For indicating resource allocation within a narrowband, 5 bits are needed if type 2 resource allocation is used within one narrowband. 6 bits will be needed if bitmap indication is used within one narrowband. Considering bitmap indication can provide maximum flexibility at the cost of one additional bit overhead (compared to type 2 resource allocation), bitmap indication is preferred for the resource allocation within one narrowband.
· Modulation and coding scheme
This field can be reduced due to lower bit rate and no support of 64QAM. For example 4 bit may be sufficient.
The other fields in DCI 1A include new data indicator, RV and TPC command etc. can be reused.

In addition, narrowband indication field needs to be added per last meeting agreements. The number of bits can be dependent on the number of available narrowbands   configured by eNB. Considering maximum 16 narrowbands (of 6PRB) within 20MHz system, the maximum bit number of narrowband indication should be 4.
The summary of fields and number of bits needed for MTC UEs in normal coverage in given in Table 1.
2.2 DCI used in enhanced coverage

For coverage limited scenario, a smaller DCI size is motivated due to repetition and some of the above can be further reduced by optimization of coverage enhancement techniques.
For example, the resource allocation within a narrowband can be performed by 3 bits if the granularity of resource allocation is 2 PRBs and bitmap indication is used.
.
Fixed RV or RV change according to predefined pattern can be used. Thus, 2 bits for RV indication can be saved.
If maximum transmit power is used for PUCCH transmission, TPC command for PUCCH may not be needed.

DAI indication may not be needed if one-to-one relationship between DL transmission and UL feedback is establishment.

Period SRS transmission may be enough. As a result, the field of SRS request can be removed.
In addition, repetition level indication is required per the agreements. And in our view in for example large coverage enhancement, narrowband location is not needed to be indicated via DCI. However a frequency hopping pattern by a smaller number of bits could be useful for obtaining frequency diversity gain dynamically.

The above is also summarized in Table 1.

3 DCI for scheduling UL transmission
Similarly, the table 2 below shows the new DCI format for UL scheduling based on DCI format 0 in both normal and enhanced coverage.

Most fields in the possible new DCI format for UL unicast transmission have the same usage as that of new DCI format for DL unicast transmission.

The resource allocation type may not be needed due to only 6RB within one narrowband.

The field of UL index can be reused for normal coverage UEs, but may not be needed for coverage enhancement UEs to simplify the scheduling and timing.

4 DCI size consideration 

For MTC unicast transmission, to minimize the blind detection of MTC UEs when not operating coverage enhancement as existing LTE, we have
Proposal 1: For low-complexity MTC UEs not operating coverage enhancement, the DCI size for scheduling UL unicast is the same as that for scheduling DL unicast.
With CRC attachment of 16 bits, the total size of DCI used for MTC in normal coverage is not much different for DCI forma 1A. To minimize specification efforts, we have

Proposal 2: For low-complexity MTC UEs not operating coverage enhancement, the DCI format for scheduling DL unicast can be DCI format 1A with small modifications.

The above givesanalysis and calculation of DCI size for MTC UEs operating or not operating coverage enhancement. To better accommodate the used DCI size to the radio condition and eNB/UE requirements, coverage level-specific DCI size may be desirable. However, it is a tradeoff between the benefits of new DCI formats and specification efforts of a number of new DCI formats. 

For small enhanced coverage, a very few number of repetition of M-PDCCH may be sufficient. In this case DCI signalling overhead should not be problematic and scheduling flexibility is more desirable. For example by 1~5 repetition, frequency hopping may not be needed during PDSCH transmission. Otherwise the retuning time shall be considered. So instead diversity gain in frequency can be obtained from DCI indicating the narrowband location of the first scheduled PDSCH.

When for example moderate or large coverage enhancement is required, a pre-defined hopping pattern is beneficial for both DCI signalling overhead reduction and frequency diversity gain. With a smaller DCI size the number of M-PDCCH repetition can also be reduced, which is beneficial for UE power consumption reduction. So we have,
Proposal 3: The same DCI format for MTC UEs in normal and small-enhanced coverage can be used; the same DCI format for MTC UEs in moderate and large-enhanced coverage can be used.
It may be not desirable for MTC UEs to operate HD-FDD from power consumption point of view, so the DCI size for scheduling UL unicast can probably be different from that for scheduling DL unicast without significant issues. However from the tables we observe DCI sizes for UL and DL are quite similar to each other. So, 
Proposal 4: When coverage enhancement is required, the DCI size for scheduling UL unicast is  the same as that for scheduling DL unicast.

5 Conclusions

In this contribution we provided DCI content consideration for scheduling unicast PDSCH/PUSCH for MTC UE when operating or not operating coverage enhancement. Our proposals are:
Proposal 1: For low-complexity MTC UEs not operating coverage enhancement, the DCI size for scheduling UL unicast is the same as that for scheduling DL unicast.

Proposal 2: For low-complexity MTC UEs not operating coverage enhancement, the DCI format for scheduling DL unicast can be DCI format 1A with small modifications.

Proposal 3: The same DCI format for MTC UEs in normal and small-enhanced coverage can be used; the same DCI format for MTC UEs in moderate and large-enhanced coverage can be used.

Proposal 4: When coverage enhancement is required, the DCI size for scheduling UL unicast is the same as that for scheduling DL unicast.
Reference
[1] R1-153211, “DCI and resource allocation for MTC UE”, Huawei, HiSilicon, Fukuoka, Japan, May 25-29, 2015.
Table 1. DCI for MTC DL unicast based on format 1A
	
	DL unicast in normal/small-enhanced coverage
	DL unicast in moderate/large-enhanced coverage 

	
	Necessity of fields
	Number of bits
	Necessity of fields
	Number of bits

	Carrier indicator
	×
	0
	×
	0

	Flag for format0/format1A differentiation
	√
	1
	√
	1

	Localized/Distributed VRB assignment flag
	×
	0
	×
	0

	Resource block assignment
	√
	6
	√
	5

	Modulation and coding scheme
	√
	4
	√
	3

	HARQ process number
	√
	3 for FDD

4 for TDD
	
	3 for FDD

4 for TDD

	New data indicator
	√
	1
	√
	1

	Redundancy version
	√
	2
	×
	0

	TPC command for PUCCH
	√
	2
	
	FFS: 0 or 2

	Downlink Assignment Index
	√
	2 for TDD
	
	2 for TDD

	SRS request
	
	FFS: 0 or 1
	×
	0

	HARQ-ACK resource offset
	√
	2
	√
	2

	Narrowband indication*
	√
	4
	×
	0

	Repetition number*
	N/A
	N/A
	√
	2

	Frequency hopping*
	N/A
	N/A
	
	FFS: 0 or 2

	Total
	
	up to 26 for FDD

up to 29 for TDD
	
	at least 17 for FDD
at least 20 for TDD


The * means possible new aspects to be included upon existing field of DCI format
Table 2. DCI for MTC UL unicast based on format 0
	
	UL unicast in normal/small-enhanced coverage
	UL unicast in moderate/large-enhanced coverage

	
	Necessity of fields
	Number of bits
	Necessity of fields
	Number of bits

	Carrier indicator
	×
	0
	×
	0

	Flag for format0/format1A differentiation
	√
	1
	√
	1

	Frequency hopping flag
	√
	2
	√
	2

	Resource block assignment and hopping resource allocation
	√
	6
	√
	5

	Modulation and coding scheme and redundancy version
	√
	4
	√
	3

	New data indicator
	√
	1
	√
	1

	TPC command for scheduled PUSCH
	√
	2
	
	FFS: 0 or 2

	Cyclic shift for DM RS and OCC index
	√
	3
	√
	3

	UL index
	√
	2 for TDD 
	×
	0

	Downlink Assignment Index
	√
	2 for TDD
	
	2 for TDD

	CSI request
	√
	1
	√
	1

	SRS request
	
	FFS: 0 or 1
	×
	0

	Resource allocation type
	×
	0
	×
	0

	Repetition number*
	N/A
	N/A
	√
	2

	Total
	
	up to 21 for FDD

 up to 25 for TDD
	
	at least 18 for FDD

at least 20 for TDD


The * means possible new aspects to be included upon existing field of DCI format

























































