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1 Introduction
In RAN1 #82, the following agreements related to M-PDCCH repetition for MTC were reached [1]:
Agreement:

· Timing relationships between M-PDCCH and PDSCH

· In FDD and HD-FDD with cross-subframe scheduling, the PDSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends, where k is defined by other agreements

· Timing relationships between M-PDCCH and PUSCH

· In FDD and HD-FDD, the PUSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends

· FFS the value of k
Agreement:

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

· If CSS is necessary, 

· For an M-PDCCH CSS for a UE in coverage enhancement
· M-PDCCH candidates with different R (number of repetitions) is supported
Agreement: 
· For coverage enhancement, an M-PDCCH candidate is composed by consecutive valid subframes
And in RAN1 #81, we had already achieved [2]:
Agreements:
· 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.
In this contribution, we give our considerations on how can the UE determine R. And then we discuss how to guarantee the same L and the same ECCE indices within R subframes for M-PDCCH repetition, considering the case that in some TDD special subframe configurations the ECCE number per PRB pair in normal subframe is different from the number in special subframe, and the case that M-PDCCH PRB set configured for MPDCCH repetition may have overlapped PRBs with SCH/PBCH in SCH/PBCH subframes.
2 The determination of number of repetitions R for M-PDCCH
As per the agreements, M-PDCCH candidates with different number of repetitions R can be configured for both M-PDCCH CSS and USS for coverage enhancement (CE). The UE is able to determine R so that the ending subframe n for the decoded M-PDCCH repetitions can be known based on R and the starting subframe of M-PDCCH repetitions. As a consequence, the starting subframe n+k of PDSCH/PUSCH determined by the UE has no misalignment between the UE and eNB. There are various ways for the UE to determine R.
· Option 1: Different scrambling codes are applied to MPDCCH candidates of different R
If the bits after convolutional encoding are scrambled by different scrambling codes for different R, UE has to descramble the LLRs by different sequences, and then perform blind decoding. The blind decoding results for a value of R cannot be reused for another value of R if the LLRs in different subframes are combined after decoding. To reduce the decoding effort, it was proposed to apply different scrambling codes prior to convolutional encoding to MPDCCH candidates of different R [3], so that UE could reuse the decoding results for different values of R and perform multiple CRC checks. Such decoding effort saving is only for LLR combining after decoding. 
When the UE perform symbol level combining or LLR combining before decoding, the decoding effort would be similar for different scrambling codes of different R applied prior vs. after convolutional encoding. 
Using different scrambling codes for different R may increase the probability of false alarm. Assume the bits for UE1 
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for a number of repetition R1, and the bits for UE2 
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for another number of repetition R2. When the scrambled results (
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) mod2, there may be false alarm as UE2 may successfully decode UE1’s scrambled bits. 
· Option 2: Indicate the number of repetitions R in DCI
This option avoids the false alarm problem as well as the specification work to define the different scrambling codes. A concern is that indicating R in the DCI would increase the DCI size. 
As some DCI fields can be removed or use fewer bits for MTC, the bits in these fields can be reinterpreted as the indication for R or the indication for R can be new DCI field. It could be acceptable when the number of R is small. The total size of the DCI can be compressed depending on what DCI contents are needed to support MTC. Alternatively, based on the agreement [2] “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 ”, the usage of some DCI bits is deemed necessary for this purpose. From our understanding, the repetition level stands for the extent of CE which does not change dynamically, and can be configured semi-statically. For a repetition level, there is a set of multiple repetition numbers (for different TBS, etc.) and the used one needs to be indicated dynamically in DCI for unicast PDSCH/PUSCH. We can use the same DCI bits to indicate an index of a value in a set of values both for the set of PDSCH/PUSCH repetition numbers and the set of M-PDCCH repetition number R, if the numbers of the values in the both sets are the same. Thus, there is no need for dedicated additional DCI bits for R indication.
· Option 3: Use different aggregation levels L /ECCE indices/ frequency resources/ non-overlapped time resources for M-PDCCH candidates with different number of repetitions R

UEs can know repetition number R of the decoded M-PDCCH implicitly from the aggregation level L /ECCE indices/ frequency resource/ time resource used for the M-PDCCH decoding. In this way, when eNB sends M-PDCCH with repetition number R1, UE cannot early terminate the decoding with repetition number R2<R1 because these factors for R2 are not the same as that for R1. 
For paging, there is an agreement in RAN2#91 [4] that “
For paging, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level.” The agreement provides the possibility that the UE can decode M-PDCCH for paging in a CE level even if the M-PDCCH for paging transmitted by eNB is in a higher CE level. As there would be misalignment of the CE level between UE and eNB for M-PDCCH of paging, within the different values of R belonging to different CE levels configured for a UE, the UE should know the actually used one. Letting the UE know different R belonging to different CE levels for paging by option 3 is not applicable, because the UE cannot decode the M-PDCCH sent in a high CE level if the UE uses the different L /ECCE indices/ frequency resources/ time resources for candidates of M-PDCCH corresponding to a low CE level. For M-PDCCH USS, a set of multiple R can be configured corresponding to the determined CE level of a UE. Considering the possibility of early termination with a smaller R than the actual value within a CE level and the benefit of UE’s power saving, the option is not preferred to differentiate R within a CE level.
For an M-PDCCH CSS of RAR if defined, there will also be different values of R belonging to different CE levels configured for the UE. Each CE level can have a set of multiple R. As the UE knows CE level (repetition level) of transmission of M-PDCCH scheduling RAR from the repetition level of its most recent PRACH, it does not need to provide the possibility of early termination and blind detection using values of R belonging to different CE levels. However, misalignment would happen as UE1 in CE level 1 may successfully detect M-PDCCH scheduling RAR sent by eNB for UE2 when UE1 and UE2 have the same RA-RNTI. This option can be considered for eliminating the misalignment of R values for different CE levels. For the multiple R values within a specific CE level, they can be indicated by DCI since UE may early terminate by blind detection trying different R of a CE level.
Based on the above consideration, we propose:
Proposal 1: For M-PDCCH CSS of RAR, different aggregation levels L/ ECCE indices/ frequency resources/ non-overlapped time resources are used for M-PDCCH in different CE level.  
Proposal 2: For M-PDCCH CSS of paging and M-PDCCH USS, the number of repetitions R is indicated by DCI.
3 Consideration on the same L and ECCE indices within R subframes
3.1 Special subframes for TDD

For EPDCCH, the number of EREGs per ECCE,
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, is defined for normal subframe and special subframe and listed in Table 1 [5]. The number of ECCEs per PRB pair, 
[image: image10.wmf]RB

ECCE

N

, depends on the number of EREGs per ECCE, 
[image: image11.wmf]ECCE

EREG

N

,, i.e., 
[image: image12.wmf]ECCE

EREG

RB

ECCE

16

N

N

=

. The PRB pair number of M-PDCCH can be configured as 2 or 4 or 6 within the limited bandwidth of MTC UE. The ECCE numbers within 2,4,6 PRB pairs are also listed in Table 1.
Table 1 Number of EREGs per ECCE and number of ECCEs in the same number of PRB pairs
	
	Normal cyclic prefix
	Extended cyclic prefix

	
	Normal subframe
	Special subframe, configuration 3, 4, 8
	Special subframe, configuration 1, 2, 6, 7, 9
	Normal subframe
	Special subframe, configuration 1, 2, 3, 5, 6

	Number of EREGs per ECCE 
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	4
	8

	Number of ECCEs per PRB pair 
	4
	2

	Number of ECCEs within 2 PRB pairs
	8
	4

	Number of ECCEs within 4 PRB pairs
	16
	8

	Number of ECCEs within 6 PRB pairs
	24
	12


For special subframe configurations listed in the above table, special subframe can also be the valid subframe for M-PDCCH repetition. Otherwise the subframes for M-PDCCH repetition are rather limited. As is observed, for TDD special subframe configuration 1,2,6,7,9 in normal CP, there are different number of ECCEs available to construct M-PDCCH within the same number of PRB pairs in special subframe and normal subframe. For M-PDCCH, the configuration of the number of PRB pairs is obtained by high layer signalling and does not change during M-PDCCH repetition. So it needs to be considered how to make the same aggregation level L and the same ECCE indices within R subframes for M-PDCCH repetition, when M-PDCCH is repeated possibly using both normal subframes and special subframes for TDD special subframe configuration 1,2,6,7,9 in normal CP.
If only small ALs and ECCE indices supported in special subframes are allowed for M-PDCCH repetition and using both normal and small subframes, the extra ECCEs in normal subframes can not be used for M-PDCCH repetition. For the valid subframes for DL, new agreements were reached [1]:
· “The set of subframes to be used for downlink transmissions can be explicitly and cell-specifically signalled by the eNB by MTC-SIB1 (from RAN1 perspective) 

· If the explicit signaling is not present, a default operation is defined by RAN1 

· FFS the details for the default operation

· FFS how to handle some cases related to UE-specific subframe unavailability”
The issue of same L and ECCE indices for M-PDCCH repetition in normal and special subframes can be solved by defining a default operation for subframe availability. That is, when the ECCE with index being equal to the maximum ECCE index constructing an M-PDCCH candidate can be found in the special subframe, both special subframes and normal subframes are valid subframes for the repetition of the M-PDCCH candidate. Otherwise, the M-PDCCH candidate is repeated only in normal subframes.
Proposal 3: When the ECCE with index being equal to the maximum ECCE index constructing an M-PDCCH candidate can be found in the special subframe, both special subframes and normal subframes are valid subframes for the repetition of the M-PDCCH candidate. Otherwise, the M-PDCCH candidate is repeated only in normal subframes.
3.2 SCH and PBCH subframes

In RAN1 #82, narrowband definition was agreed [1]:
· “All narrowbands are of a size of 6 PRBs

· Total number of DL narrowbands in the system bandwidth is fixed at [image: image14.wmf]ú
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· The remaining RBs are divided evenly at both ends of the system bandwidth, with the extra odd PRB for the system BW (e.g. 3, 5, and 15 MHz) located at the center of the system BW”
Based on this agreement, for all the system bandwidth, the center two narrowbands or the only narrowband (1.4MHz system bandwidth) will overlap with SCH/PBCH in the subframes containing SCH/PBCH. Excepting the PRB pairs of the center 72 subcarriers, there are 0 or 3 PRB pairs remained in each of the overlapped center narrowbands. 
As discussed in the above section, the number of PRB pairs configured for M-PDCCH does not change during M-PDCCH repetition. When M-PDCCH repeats in multiple subframes using the same PRB indices or according to a frequency hopping pattern, the PRBs within M-PDCCH PRB set may overlap with PRBs for SCH/PBCH in the subframes containing SCH/PBCH. The PRBs for SCH/PBCH are not available for EPDCCH transmission according to that “A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronization signals in the same subframe” [6]. M-PDCCH also should not use SCH/PBCH PRBs. As a consequence, there may be fewer PRB pairs in SCH/PBCH subframes available for M-PDCCH in the M-PDCCH PRB set than in other subframes. An example is shown in Figure 1, all the PRBs in narrowband 0 are configured to be the PRBs with M-PDCCH PRB set. Only 3 PRB pairs are available for M-PDCCH in subframe 0 while 6 PRB pairs can be used by M-PDCCH in subframes 1-4. In this circumstance, there are fewer ECCE available for M-PDCCH in SCH/PBCH subframes than in other subframes. So how to make the same aggregation level L and the same ECCE indices within SCH/PBCH subframes and other subframes for M-PDCCH repetition should be taken into account.
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Figure 1 PRB pairs available for M-PDCCH repetition in FDD 3MHz system bandwidth
In a similar way to the discussion in the above section, if only small ALs and ECCE indices supported in PBCH/SCH subframes are allowed for M-PDCCH repetition and using both PBCH/SCH subframes and other subframes, the extra ECCEs in other subframes can not be used for M-PDCCH repetition. If M-PDCCH repetition always skips PBCH/SCH subframes when PRB pairs configured for M-PDCCH overlap with PBCH/SCH, the subframes for M-PDCCH repetition are limited and it will increase delay. Puncturing the EREGs mapped to PBCH/SCH PRB pairs can be considered for this issue. However, for localized M-PDCCH, the whole ECCE will be punctured in PBCH/SCH subframe, which equals to using smaller AL for M-PDCCH repetition in PBCH/SCH subframe than in other subframes. Alternatively, the issue of same L and ECCE indices for M-PDCCH repetition in SCH/PBCH subframes and other subframes can be solved by defining a default operation for subframe availability. That is, when all the ECCEs constructing an M-PDCCH candidate are mapped in the PRBs excluding SCH/PBCH PRBs within M-PDCCH PRB set in SCH/PBCH subframe, both SCH/PBCH subframes and other subframes are valid subframes for the repetition of the M-PDCCH candidate. Otherwise, the M-PDCCH candidate is repeated only in subframes other than SCH/PBCH subframes.

Proposal 4: The overlapping between PRB pairs configured for M-PDCCH and PBCH/SCH PRBs should be considered for M-PDCCH repetition with the same L and ECCE indices within R subframes.
4 Conclusions
This contribution discusses the determination of R and provides consideration on the same L and ECCE indices within R subframes for M-PDCCH repetition. The proposals based on the discussion include:
Proposal 1: For M-PDCCH CSS of RAR, different aggregation levels L/ ECCE indices/ frequency resources/ non-overlapped time resources are used for M-PDCCH in different CE level.  

Proposal 2: For M-PDCCH CSS of paging and M-PDCCH USS, the number of repetitions R is indicated by DCI.
Proposal 3: When the ECCE with index being equal to the maximum ECCE index constructing an M-PDCCH candidate can be found in the special subframe, both special subframes and normal subframes are valid subframes for the repetition of the M-PDCCH candidate. Otherwise, the M-PDCCH candidate is repeated only in normal subframes.

Proposal 4: The overlapping between PRB pairs configured for M-PDCCH and PBCH/SCH PRBs should be considered for M-PDCCH repetition with the same L and ECCE indices within R subframes.
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