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1. Introduction
For Rel-13 low complexity MTC, the existing DCIs may not be suitable considering the low complexity features and the coverage enhancement situation. New design for the DCI is necessary. This issue was discussed at the last meeting and the following progress was achieved [1].

Working assumption:
· For unicast, DCI format for no and small repetition levels are same. (=DCI format M1)
· For unicast, DCI format for other repetition levels are same. (=DCI format M2)
· DCI format M1 size and DCI format M2 size can be different
· UE monitors only either DCI format M1 or DCI format M2
· FFS whether DCI format size for scheduling PDSCH and PUSCH are same or not
· If there are not the same, it means there will be M3 and M4 for the other link
· FFS M1 size and/or M2 size can be from the existing DCI format size(s)
In this contribution, we discuss the detailed DCI design for each agreed transmission mode in both normal coverage and enhanced coverage. Afterwards, we present our consideration on how to align the sizes of DCIs to reduce the blind decoding. It is noted that we use the terminology “normal coverage” to describe the cases of no and small repetition levels and use terminology “enhanced coverage” to represent the case of other repetition levels in the discussion. 
2. DCI design in Normal Coverage and Enhanced Coverage
At the last meeting, it was agreed that at least TM1, TM2 and TM9 are supported for MTC [1]. Then, DCI formats 0, 1A, 1and 2C will be supported correspondingly. Some existing fields in these DCI formats can be removed or optimized and some additional new fields need to be introduced for the MTC UEs. In this section, we will discuss the detailed design. Table 1- Table 4 summarize our consideration for each DCI format.
Fields for all DCIs

· Narrow band index and PRB assignment within a narrowband
In the previous meetings, it was agreed that narrowband location of both PDSCH and PUSCH are indicated by the DCI for Rel-13 low complexity UEs in normal coverage under cross-subframe scheduling [1], [2]. Therefore, a field to indicate narrowband for PDSCH/PUSCH transmission should be defined in DCI for normal coverage. For enhanced coverage, the same narrowband scheduling or frequency hopping based on a certain pattern can be applied. Thus, this filed may not be needed for enhanced coverage case. Instead, when frequency hopping is applied, frequency hopping pattern would need to be indicated by the DCI as described below. In addition, PRB assignment within a narrowband would be needed. The resource assignment for the bandwidth of 1.4 MHz in current system can be reused at least for normal coverage case. For the enhanced coverage case, some optimization such as larger granularity can be considered. 

· Modulation and coding scheme

Since Rel-13 low complexity UE only supports QPSK and 16QAM, then the MCS fields can be compressed to 4 bits at least. For the enhanced coverage case, the MCS field can be further compressed to only support QPSK, and then 3 bits are sufficient.
· NDI

To assist the HARQ feedback and the HARQ process monitoring, NDI should be reserved for both normal coverage and enhanced coverage.
· Repetition number of data channel
At the RAN1 #80b meeting, it was agreed that the repetition level for at least the unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers for UEs in coverage enhancement [2]. There are two approaches for the indication. The repetition number can be implicitly indicated by the MCS selection or it should be indicated explicitly. Thus, whether a dedicated field should be defined needs further discussion for both normal coverage case and enhanced coverage case.  
· Repetition number of MPDCCH
At the last meeting, it was agreed that UE is able to know the MPDCCH repetition number. How to notify the MPDCCH repetition number is FFS. As discussed in our companion contribution [3], including the repetition number of MPDCCH in DCI is one promising solution.
· Frequency hopping pattern indication
For the enhanced coverage case, frequency hopping according to a certain pattern is beneficial to harvest the frequency diversity gain. It is possible to include the field to indicate the frequency hopping pattern in DCI for enhanced coverage case.
· TPC command
In normal coverage, power control of PUCCH/ PUSCH is needed and the TPC filed should be kept in the DCI. As for the enhanced coverage case, the maximum transmission power can be assumed and this field may not be necessary. 
· Padding bits / differentiation flag: 
Whether include these fields depends on the DCI size alignment strategy. We will discuss it in next section
Fields only for DL grant

· HARQ process number
At the last meeting, it was agreed that the number of HARQ processes is not changed in normal coverage. Hence the HARQ process number field remain unchanged in normal coverage. As for the enhanced coverage case, it was agreed that down select one value among 1, 2 and 4. If only one HARQ process is supported, this field can be removed. 

· RV
In normal coverage, RV filed should keep unchanged. For enhanced coverage, single RV value or RV pattern similar to that for PUSCH retransmission can be considered and this field can be removed accordingly.  
· ARO
At the last meeting, it was agreed to utilize implicit resource derivation for PUCCH transmission in normal coverage. At this stage, there is still possibility to include the ARO filed to avoid the resource collision. 
Specific fields in each DCI
· DCI format 0
· CS and OCC index: since MU-MIMO is not supported, this field may be removed accordingly.
· CSI request / SRS request: in normal coverage, these fields can be retained to obtain the frequency selective gain. While in enhanced coverage case, maybe there is no need to support them considering the measurement accuracy. 
· Frequency hopping flag: this filed can be eliminated considering the limited supported bandwidth.
· DCI format 1A
· SRS request: in normal coverage, it depends on the necessity of aperiodic SRS. These fields can be kept to obtain the frequency selection gain. In coverage enhancement case; maybe there is no need to support them considering the measurement accuracy. 
· Localized / Distributed indication: considering limited frequency diversity gain within 6 RBs, it is simple to only support localized mapping. Then this field can be removed.
· DCI format 2C
· Antenna port, scrambling sequence and number of layers: since there is no possibility to support more than one layer, so this filed can be compressed to 2 bits at least
· MCS, RV and NDI of TB 2:  As MTC UEs are unable to support SU-MIMO, and then there is no need to keep these fields. 

Proposal 1: Consider the bit fields in Table 1-Table 4 as baseline for the new design of DCI formats 0, 1A, 1 and 2C respectively 

Table 1 DCI fields in DCI format 0

[image: image1.emf]DCI Format 0 Field Rel-12 Normal UE

Rel-13 MTC UE

Normal coverage Enhanced coverage

Narrow-band Indication N/A

Maximum 4 bits NO need

RB assignment 5

5 5 

(or can be compressed)

MCS 5

4 (NO 64 QAM) 3 (QPSK only)

NDI 1

1 1

TPC Command 2

2 NO need

CSI Request 1

1 NO need

SRS Request 1

1 NO need

Differentiation Flag  1

FFS FFS

Repetition level of PUSCH N/A

FFS FFS

Repetition level of MPDCCH N/A

FFS FFS

Padding Bits for DCI 0 = DCI 1A -

FFS FFS

Frequency hopping pattern N/A

NO need FFS

CS and OCC Index  3

NO need NO need

FH Flag 1

NO need NO need

CRC 16

16 16

Total 36 bits

~34 bits ~25 bits


Table 2 DCI fields in DCI format 1A

[image: image2.emf]DCI Format  1A  Field Rel-12 Normal UE

Rel-13 MTC UE

Normal coverage Enhanced coverage

Narrow-band Indication N/A

Maximum 4 NO need

RB assignment 5

5 5

(or can be compressed)

MCS 5

4 3

NDI 1

1 1

HPN 3

3 NO need

RV 2

2 NO need

TPC 2

2 NO need

SRS Request 1

1 NO need

ARO 2

FFS FFS

Differentiation Flag  1

FFS FFS

Padding Bits for DCI 0 = DCI 1A -

FFS FFS

Repetition level of PDSCH N/A

FFS FFS

Repetition level of MPDCCH N/A

FFS FFS

Frequency hopping pattern N/A

FFS FFS

Distributed/Localized Flag 1

NO need NO need

CRC 16

16 16

Total 39 bits

~38 bits ~25 bits


Table 3 DCI fields in DCI format 1

[image: image3.emf]DCI Format 1 Field Rel-12 Normal UE

Rel-13 MTC UE

Normal coverage Enhanced coverage

Narrow-band Indication N/A

Maximum 4 NO need

RB assignment 6

6 6

(or can be compressed)

MCS 5

4 3

NDI 1

1 1

HPN 3

3 NO need

RV 2

2 NO need

TPC 2

2 NO need

ARO 2

FFS FFS

Padding Bits for Ambiguous Size -

FFS FFS

Repetition level of PDSCH N/A

FFS FFS

Repetition level of MPDCCH N/A

FFS FFS

Frequency hopping pattern N/A

NO need FFS

CRC 16

16 16

Total 37 bits

~ 38 bits ~26 bits


Table 4 DCI fields in DCI format 2C

[image: image4.emf]DCI Format 2C Field Rel-12 Normal UE

Rel-13 MTC UE

Normal coverage Enhanced coverage

Narrow-band Indication N/A

Maximum 4 NO need

RB assignment 6

6 6

(or can be compressed)

AP, scrambling ID and number of 

layer

3

2

(Can be reduced)

2

(Can be reduced)

HPN 3

3 NO need

TPC 2

2 NO need

Padding Bits for Ambiguous Size -

FFS FFS

MCS of TB1 5

4 3

NDI of TB1 1

1 1

RV of TB 1 2

2 NO need

MCS of TB2 5

NO need NO need

NDI of TB2 1

NO need NO need

RV of TB 2 2

NO need NO need

ARO 2

FFS FFS

Repetition level of PDSCH N/A

FFS FFS

Repetition level of MPDCCH N/A

FFS FFS

Frequency hopping pattern N/A

NO need FFS

CRC 16 16 16

Total 48 bits ~40 bits ~28 bits


3. Discussion on the Alignment of DCI Sizes
For normal LTE UEs, the sizes of DCI format 0 and DCI 1A are aligned to reduce the number of blind decoding by some padding bits. One additional flag bit is inserted for differentiation purpose. For MTC UEs, it is also desirable to reduce the number of blind decoding by aligning the sizes of different DCIs, while how to align the sizes of the supported DCIs need further discussion.
Table 5 Summary of DCI sizes for MTC

[image: image5.emf]DCI 0 DCI 1A DCI 1 DCI 2C

Normal coverage  34  38 (No ARO) 38 (No ARO) 40 (No ARO)

40 (w/ ARO) 40 (w/ ARO) 42 (w/ ARO)

Enhanced coverage 25 25 (No ARO) 26 (No ARO) 28 (No ARO)

27 (w/ ARO) 28 (w/ ARO) 30 (w/ ARO)


Table.5 summarizes the sizes of all supported DCIs in normal coverage and enhanced coverage.  It is observed that there is no significant difference in the sizes of these DCIs. Thus there is possibility of aligning the sizes of all supported DCIs for each transmission mode to reduce the number of blind decoding to the largest extent. On the other hand, this operation will cause more padding bits and flag bits in the DCI, which may not be desirable especially for MTC UEs in enhanced coverage. To avoid an impact on the DCI sizes, another solution is to only align a part of supported DCIs. Traditional alignment strategy is one possible direction. However, six additional padding bits are required in DCI format 0 if ARO is supported in DCI format 1A, which may still be unacceptable. In this case, we could consider aligning the sizes of two DCIs which have the smallest difference in the size. For example, the sizes of DCI format 1A and DCI format 1 for TM 1 can be aligned in normal coverage. 
Proposal 2: Consider one of the followings

· Align the sizes of all supported DCIs in each transmission mode to reduce the blind decoding.
· Align the sizes of two supported DCIs which have the smallest difference in each transmission mode to reduce additional padding bits.
4. Conclusion
In this contribution, we further break down the detailed design for each supported DCI format. On the basis of that, we further discuss how to align the sizes of certain DCIs to reduce the blind decoding. Our opinions are summarized as below
Proposal 1: Consider the bit fields in Table 1-Table 4 as baseline for the new design of DCI formats 0, 1A, 1 and 2C respectively 

Proposal 2: Consider one of the followings

· Align the sizes of all supported DCIs in each transmission mode to reduce the blind decodings.

· Align the sizes of two supported DCIs which have the smallest difference in each transmission mode to reduce additional padding bits.
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