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1 Introduction
In this contribution, we present our views on the remaining details of M-PDCCH design for Rel-13 eMTC.
2 Number of M-PDCCH blind decodings per subframe
During the Rel-12 SI for low cost MTC UEs, it has been analyzed that the percentage of DL control processing & decoding for a Cat1 UE is about 5% of the baseband cost, which is about 60% of the total UE cost [1]. Hence, the total cost for DL control processing & decoding is roughly 3% for Cat1 UEs. Consequently, reducing DL control processing & decoding complexity was not pursued for Cat0 UEs in Rel-12, i.e. Cat0 UEs need to support up to 44 (E)PDCCH BDs in a subframe. For Rel-13 eMTC UEs, it is proposed that the number of M-PDCCH BDs in a subframe does not exceed that of the Rel-12 Cat0 UEs, i.e. upper bounded by 44.

Proposal 1: The number of M-PDCCH BDs that a Rel-13 eMTC UE needs to perform in a subframe shall not exceed 44.
Furthermore, it has been agreed that 4 DCI formats M0A, M1A, M0B, M1B are agreed for Rel-13 eMTC UEs, and a Rel-13 eMTC UE only receives M0A/M1A or M0B/M1A in a subrame. Furthermore, same DCI size for M0A and M1A, as well as same DCI size for M0B and M1B, are targeted. In order to reduce the M-PDCCH BDs, it is preferable that the DCI size is the same for M0A and M1A, and is also the same for M0B and M1B.
Proposal 2: The DCI size is the same for M0A and M1A. The DCI size is the same for M0B and M1B.

With proposal 2, it is possible to increase the M-PDCCH candidates compared to EPDCCH while keeping the number of M-PDCCH BDs in a subframe no more than 44.

3 M-PDCCH USS Mode A
It has been agreed that M-PDCCH USS is based on EPDCCH. Since an Rel-13 eMTC UE can only receive up to 6 PRBs, the following M-PDCCH search space definition is proposed, based on the corresponding EPDCCH design.
Table 1: M-PDCCH candidates monitored by a UE 
(One Distributed M-PDCCH-PRB-set - Case1, Case 2, Case 3)
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Table 2: M-PDCCH candidates monitored by a UE 
(One Localized M-PDCCH-PRB-set - Case1, Case 2, Case 3)
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Table 3: M-PDCCH candidates monitored by a UE 
(Two Distributed M-PDCCH-PRB-sets - Case1, Case 2, Case 3)
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Table 4: M-PDCCH candidates monitored by a UE 
(Two Localized M-PDCCH-PRB-sets - Case1, Case 2, Case 3)
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For M-PDCCH, the following cases shall apply:

Case 1 applies 

-
for normal subframes and normal downlink CP and when 
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-
for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP and when 
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Case 2 applies 

-
for normal subframes and extended downlink CP, or,
-
for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP, or

-
for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP;

-
otherwise

-
Case 3 is applied.
Proposal 3: For a Rel-13 Mode A eMTC UE, if the UE is not configured with a higher layer parameter Rmax, one of the above 4 tables is used as the USS candidates based on the set(s) of PRBs for M-PDCCH.  
Proposal 4: For a Rel-13 Mode A eMTC UE configured with two M-PDCCH sets, one of 2 PRBs and the other of 4 PRBs, the UE can be additionally configured by higher layers with a parameter Rmax and the value of Rmax belongs to {1, 2, 4, 8, 16, 32}. 

Proposal 5: For a Rel-13 Mode A eMTC UEs configured with Rmax, the UE monitors the following:

· the candidates corresponding to (L=8, R=1), (L=16, R=1) in table 3 or table 4;

· two candidates for each (L=24, R), where R takes values for each element in {1,2,4,…,Rmax/2};

· one candidate for (L=24, Rmax).
The motivation for the above two proposals are as following:
· If a cell does not require any repletion, then the cell does not need to configure Rmax to any eMTC UEs.

· It is desirable to have Rmax configurable rather than fixed in specification, which allows the network to configure the proper repetition number for each UE.
· For each (L=24, R<Rmax), it is desirable to allow at least two candidates, one for DL grant and one for UL grant.

If Rmax is not configured for a Rel-13 eMTC UE in Mode A, then the UE monitors M-PDCCH in each valid DL and non-DRX subframe. If Rmax is configured for a Rel-13 eMTC UE in Mode A, the starting subframe for monitoring M-PDCCH is configured by higher layers with a parameter Toffset, where the Toffset takes values from {0, 1, …, Rmax – 1}, and the starting subframe is a subframe satisfying mod(SFN × 10 + m, Rmax) = Toffset, where SFN is the SFN index and m is the subframe index.
Proposal 6: For a Rel-13 eMTC UE in mode A,

· if Rmax is not configured for the UE, the UE monitors M-PDCCH in each valid DL and non-DRX subframe;

· if Rmax is configured for the UE, the starting subframe for the UE to monitor M-PDCCH satisfies mod(SFN × 10 + m, Rmax) = Toffset, where SFN is the SFN index, m is the subframe index, and Toffset is configured by higher layers among {0, 1, …, Rmax – 1}.
4 M-PDCCH USS Mode B

For an Rel-13 eMTC UE configured in Mode B, only aggregation level L=24 needs to be supported. This would allow the eNB to transmit a DCI to the UE in the fewer number of subframes compared to using an aggregation level less than 24. Hence, the following proposal is made:
Proposal 7: For a Rel-13 Mode B eMTC UE, 
· two M-PDCCH sets must to configured , one of 2 PRBs and the other of 4 PRBs.

· the UE is configured by higher layers with a parameter Rmax and the value of Rmax belongs to {8, 16, 32, 64, 128, 256}. 
· the UE monitors two candidates for each (L=24, R), where R takes values for each element in {4,…,Rmax/2} and one candidate for (L=24, Rmax).
It is desirable to allow some overlap for the Rmax value between Mode A and Mode B, e.g. for possible switching between Mode A and Mode B for a UE. 

As to the starting subframes for M-PDCCH, the following proposal is made:

Proposal 8: For a Rel-13 eMTC UE in Mode B, the starting subframe for monitoring M-PDCCH is satisfies mod(SFN × 10 + m, Rmax) = 8 × Toffset, where SFN is the SFN index, m is the subframe index, Toffset is configured by higher layers from {0, 1, …, Rmax/8 – 1}. 

It is noted that compared with Mode A, a granularity of 8 subframes is used for Toffset for Mode B, which is the minimum value of Rmax for a UE in Mode B. The motivation is to reduce the RRC signalling overhead.
5 M-PDCCH CSS for M-PDCCH scheduling Msg2/Msg3ReTx/Msg4
One CSS scheduling Msg2 is configured in SIB for each PRACH resource configuration, including the following parameters:
· Narrowband index;

· PRB set(s) (including the number of PRBs and the PRB index in the narrowband) and Rmax, from which the UE can derive the CSS candidates according to the proposals in section 3 and 4;
· Starting subframe configured according to the proposals in section 3 and 4;

· Transmission type, i.e. localized or distributed;

It is also noted that the DMRS scrambling sequence ID is based on PCID, as already agreed.
For the CSS scheduling Msg3ReTx/Msg4, all parameters are the same as the CSS scheduling Msg2, except the narrowband index is given in the RAR. Until M-PDCCH USS is initialized, the Rel-13 eMTC UE monitors the CSS scheduling Msg3ReTx/Msg4. After the M-PDCCH USS is configured, the Rel-13 stops monitoring the CSS scheduling Msg3ReTx/Msg4 and starts monitoring the M-PDCCH USS.

Proposal 9: Configuration of M-PDCCH CSS for scheduling Msg2 follows the same principle as that for M-PDCCH USS, except the DMRS scrambling sequence ID is fixed to PCID.
Proposal 10: The parameters for the M-PDCCH scheduling Msg3ReTx/Msg4 is the same as the M-PDCCH scheduling Msg2, except that the narrowband index for the M-PDCCH scheduling Msg3ReTx/Msg4 is given in RAR. 
6   M-PDCCH CSS for M-PDCCH scheduling paging

The CSS scheduling paging is configured in SIB, including the following parameters:
· Narrowband index;

· PRB set(s) (including the number of PRBs and the PRB index in the narrowband) and Rmax, from which the UE can derive the CSS candidates according to the proposals in section 3 and 4;

· Transmission type, i.e. localized or distributed;

The starting subframe for monitoring the CSS scheduling paging can follow the existing configuration of paging occasion. It is also noted that the DMRS scrambling sequence ID is based on PCID, as already agreed.

More than one CSS for paging can be configured in a cell, as already agreed. For an RRC_IDLE Rel-13 eMTC UE, the UE monitors one of the CSS for paging. For an RRC_CONNECTED Rel-13 eMTC UE, if M-PDCH USS has been configured for the UE, the UE does not monitor any of these CSS for paging. 
Proposal 11: Configuration of M-PDCCH CSS for paging follows the same principle as that for M-PDCCH USS, except the DMRS scrambling sequence ID is fixed to PCID and the starting subframe is according to the existing paging occasion configuration.
7 Conclusion

In this contribution, we discuss the remaining details of M-PDCCH search space design. The following proposals are provided:
Proposal 1: The number of M-PDCCH BDs that a Rel-13 eMTC UE needs to perform in a subframe shall not exceed 44.
Proposal 2: The DCI size is the same for M0A and M1A. The DCI size is the same for M0B and M1B.

Proposal 3: For a Rel-13 Mode A eMTC UE, if the UE is not configured with a higher layer parameter Rmax, one of the above 4 tables is used as the USS candidates based on the set(s) of PRBs for M-PDCCH.  

Proposal 4: For a Rel-13 Mode A eMTC UE configured with two M-PDCCH sets, one of 2 PRBs and the other of 4 PRBs, the UE can be additionally configured by higher layers with a parameter Rmax and the value of Rmax belongs to {1, 2, 4, 8, 16, 32}. 

Proposal 5: For a Rel-13 Mode A eMTC UEs configured with Rmax, the UE monitors the following:

· the candidates corresponding to (L=8, R=1), (L=16, R=1) in table 3 or table 4;

· two candidates for each (L=24, R), where R takes values for each element in {1,2,4,…,Rmax/2};

· one candidate for (L=24, Rmax).
Proposal 6: For a Rel-13 eMTC UE in mode A,

· if Rmax is not configured for the UE, the UE monitors M-PDCCH in each valid DL and non-DRX subframe;

· if Rmax is configured for the UE, the starting subframe for the UE to monitor M-PDCCH satisfies mod(SFN × 10 + m, Rmax) = Toffset, where SFN is the SFN index, m is the subframe index, and Toffset is configured by higher layers among {0, 1, …, Rmax – 1}.
Proposal 7: For a Rel-13 Mode B eMTC UE, 

· two M-PDCCH sets must to configured , one of 2 PRBs and the other of 4 PRBs.

· the UE is configured by higher layers with a parameter Rmax and the value of Rmax belongs to {8, 16, 32, 64, 128, 256}. 
· the UE monitors two candidates for each (L=24, R), where R takes values for each element in {4,…,Rmax/2} and one candidate for (L=24, Rmax).
Proposal 8: For a Rel-13 eMTC UE in Mode B, the starting subframe for monitoring M-PDCCH is satisfies mod(SFN × 10 + m, Rmax) = 8 × Toffset, where SFN is the SFN index, m is the subframe index, Toffset is configured by higher layers from {0, 1, …, Rmax/8 – 1}. 
Proposal 9: Configuration of M-PDCCH CSS for scheduling Msg2 follows the same principle as that for M-PDCCH USS, except the DMRS scrambling sequence ID is fixed to PCID.
Proposal 10: The parameters for the M-PDCCH scheduling Msg3ReTx/Msg4 is the same as the M-PDCCH scheduling Msg2, except that the narrowband index for the M-PDCCH scheduling Msg3ReTx/Msg4 is given in RAR. 
Proposal 11: Configuration of M-PDCCH CSS for paging follows the same principle as that for M-PDCCH USS, except the DMRS scrambling sequence ID is fixed to PCID and the starting subframe is according to the existing paging occasion configuration.
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