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1 Introduction

The M-PDCCH design was discussed in RAN1#81 and the following were agreed.

Agreement:

· A starting subframe of an M-PDCCH UE-specific search space is configured at least for enhanced coverage
· FFS details of configuration
· FFS whether configuration is implicit or explicit
· FFS whether configuration is UE-specific or cell-specific
· For an M-PDCCH candidate with {L, R}
· L: ECCE aggregation level, R: number of repetitions
· The L is the same within R subframes
· The ECCE indices are same within R subframes
· For an M-PDCCH UE-specific search space
· Multiple M-PDCCH candidates with the same {L, R} can be configured. 
· M-PDCCH candidates with different R can be configured for enhanced coverage.
Moreover, the following were agreed in RAN1#82.

Agreement:
· For an MPDCCH transmitted with a repetition number R, the UE is able to determine R. 

This contribution considers M-PDCCH design aspects and associated ECCE structure and aggregation levels. Accompanying contributions consider the DCI format design [1] and support for CSS [2].
2 M-PDCCH Design
2.1 Starting Subframes for Repetitions of an M-PDCCH Transmission
For an M-PDCCH transmission without repetitions in multiple subframes, starting ECCE indexes for M-PDCCH candidates can be defined as for an EPDCCH transmission. 
For an M-PDCCH transmission with repetitions, it was agreed to limit possible starting subframes for repetitions of an M-PDCCH transmission to a subset of the available subframes in order to avoid unnecessarily increasing a number of blind decoding operations for M-PDCCH. As it not practically possible to configure all starting subframes over an SFN cycle, a formula needs to be defined. A starting subframe index 
[image: image21.bmp] within a frame for an M-PDCCH transmission with 
[image: image2.wmf]RL

PDCCH

-

M

N

 repetitions can be determined by 
[image: image3.wmf](

)

0

mod

10

SFN

RL

PDCCH

-

M

s0

=

-

+

×

N

n

n

s

 where 
[image: image4.wmf]s0

n

 is a subframe offset. This assumes that all subframes per frame are counted regardless of whether or not an M-PDCCH repetition can exist in a subframe (e.g. UL subframe in TDD, MBMS, etc.). Otherwise, if only valid DL subframes for M-PDCCH transmission are counted and they are equal to 
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. Similar to ECCE aggregation levels, repetition levels can have a nested structure (e.g. 1, 2, 4 or 4, 8, 16). The reason for having 
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 is to multiplex M-PDCCH transmissions to different UEs in the same set of narrow-bands (NBs) as shown in Figure 1. Alternatively, the NB for the first repetition of an M-PDCCH transmission can be configured to a UE or implicitly determined from its C-RNTI (e.g. as 
[image: image8.wmf](

)

NB

mod

RNTI

C

N

-

 where 
[image: image9.wmf]NB

N

 is the number of configured NBs for an M-PDCCH transmission). Configuration of the NB for the first repetition needs to also apply for SPS PDSCH or SPS PUSCH transmissions.
Multiple candidates M-PDCCH transmission with lower repetition level (RL) should exist within a larger RL in order to maximize scheduling opportunities and minimize blocking, particularly considering that the maximum RL will be large enough to ensure robust operation (fall-back). There is no issue with buffering as the encoded DCI format bits are not many (regardless of whether or not a compact DCI format is used for UEs in enhanced coverage) and the number of possible RLs is small (e.g. 3-4 RLs). 
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Figure 1: M-PDCCH Repetitions in Time/Frequency Domain (retuning delay is not included)
Proposal 1: The starting subframe 
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 and configuration of the narrow-band for the first repetition. 

2.2 Determination of M-PDCCH Repetition Level 
A network can indicate the M-PDCCH RL to a UE either explicitly, through a respective field in the DCI format, or implicitly. As the UE knows the M-PDCCH RL, the PDSCH/PUSCH timings do not need to be defined relative to the maximum M-PDCCH RL.
Explicit indication through a field in the DCI format is simple but of course requires ~2 additional bits and contributes to a relative increase of the DCI payload (depending on the DCI format size).

Implicit means typically rely on using different scrambling for some information. In [3], it is proposed to use different scrambling sequences (depending on the RL) on the DCI format information bits prior to encoding. The drawback of this approach is that the encoded DCI format for the incorrect RL is a valid DCI format for a UE with a different C-RNTI. Moreover, as the DCI format information bits are not deterministic, the different C-RNTIs are also not deterministic.

Another implicit approach is to use a different C-RNTI depending on the RL. A different C-RNTI mask can be predefined in order to avoid signaling specific C-RNTIs. This follows the Rel-12 approach for closed loop UE antenna selection where the C-RNTI is scrambled with 16 zeros in case antenna port 0 is indicated and is scrambled by 15 zeros followed by a 1 in case antenna port 0 is indicated. For indicating the RL, in case of 4 possible RLs, two additional masks can be added in the same manner. This approach is preferable to scrambling the DCI format information bits as the C-RNTIs that are unavailable to other UEs are predetermined. Nevertheless, the C-RNTI space is reduced by a factor of 4 from 2^16 = 65536 to 2^14 = 16384. Considering the large number of Rel-13 low cost UEs, such reduction may appear as not being desirable. Nevertheless, also considering that this is only needed for UEs that require M-PDCCH repetitions, the above reduction in available C-RNTIs is not practically detrimental.
Another implicit approach is to use a different scrambling sequence on the modulated DCI format symbols according to the RL. If the UE monitors a tree-like structure in the time domain for M-PDCCH candidates the additional UE complexity is marginal (only additional XOR operations for the additional scrambling sequences). 
Finally, another implicit method can be based on the explicit one but by reducing the number of bits for the new field when the number of repetitions is larger than the minimum one. Assuming 4 RLs, a field of 2 bits can be included in the DCI format in case of the smallest RL, a field of 1 bit can be included in the DCI format in case of the next two RLs (the field also indicates the RL), and no field is included in the DCI format in case of the largest RL. 

In conclusion, both explicit and implicit approaches are viable without significant spectral efficiency or UE complexity impact. At least for UEs requiring a large number of M-PDCCH repetitions, an implicit approach is preferable.

Proposal 2: At least for UEs requiring a large number of M-PDCCH repetitions, the M-PDCCH repetition level is implicitly indicated.  
3 Conclusions

This contribution considered aspects for the M-PDCCH structure. In particular, the following are proposed.
Proposal 1: The starting subframe 
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 and configuration of the narrow-band for the first repetition. 

Proposal 2: At least for UEs requiring a large number of M-PDCCH repetitions, the M-PDCCH repetition level is implicitly indicated.  
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