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1. Introduction
At the RAN1#82 meeting, there was some progress in the search space related issues including the supported aggregation level in normal coverage and MPDCCH repetition number determination [1].
Agreement: 
· For coverage enhancement, an M-PDCCH candidate is composed by consecutive valid subframes

· For an M-PDCCH UE-specific search space for a UE at least in normal coverage/ small coverage enhancement

· M-PDCCH candidates with different L (aggregation level) is supported

· FFS: other coverage enhancement case(s)

Agreement:

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

However, there are still several issues need to be addressed. In this contribution, we will share our views on search space design in terms of supported aggregation level in enhanced coverage, multiplexing of DL assignment and UL grant in the same space and MPDCCH repetition number notification.
2. Supported Aggregation Level in Enhanced Coverage
At the last meeting, it was agreed that multiple aggregation levels can be supported in normal coverage. However, whether to support multiple aggregation levels in enhanced coverage is still FFS.
One motivation of supporting multiple aggregation levels in enhanced coverage is to support the DL assignment and UL grant in the same narrowband [2] so as to enable FD-FDD MTC UE to transmit PUSCH bundle and receive PDSCH bundle in parallel by using different uplink/downlink frequency regions as shown in Fig.1. However, the feasible cases are quite limited since this operation is quite likely to incur simultaneous reception of PDSCH and MPDCCH or simultaneous transmission of PUCCH and PUSCH due to repetition number misalignment as illustrated in Fig.2. Another motivation is to provide a finer resource granularity for the link adaptation [3]. Nevertheless, necessity for such finer granularity for the UEs in enhanced coverage is questionable. On the other hand, supporting multiple aggregation levels in enhanced coverage case leads to many blind detections corresponding to each repetition level and each ECCE aggregation level. Thus, the total number of blind decoding and corresponding power consumption increase accordingly.  
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Figure 1 Example of supporting multiple ALs (Multiplexing DL assignment and UL grant in the same NB)
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Figure 2 Problems incurred by multiplexing DL assignment and UL grant in the same NB
Supporting multiple repetition levels was already agreed. The link adaptation can be achieved by varying repetition levels to fit the channel status fluctuation even if the aggregation level is fixed to 24 ECCEs. This kind of link adaptation manner avoids additional complexity or power consumption and easy to be implemented. From our perspective, motivation to support multiple aggregation levels on the basis of multiple repetition levels is not so strong and supporting a single aggregation level for coverage enhancement is preferable for simplicity. 
Proposal 1: In coverage enhancement case, only aggregation level of 24 ECCEs is supported.
3. Multiplexing DL assignment and UL grant in the Same Search Space
For normal LTE UEs and MTC UEs in normal coverage, the DL assignment and UL grant could be multiplexed in the same search space. For MTC UEs in enhanced coverage, whether or not to support the multiplexing of the DL assignment and UL grant in the same search space needs further investigation.
As analyzed in section 2, it is better to only support aggregation level of 24 ECCEs. Multiplexing DL assignment and UL grant in the search space by FDM manner is impossible. As for the TDM manner, two cases can be considered. The first case is DL assignment transmitted first and UL grant transmitted subsequently as shown in case 1 of Fig.3. However, this case would definitely lead to simultaneous reception of the PDSCH and UL grant on different narrow bands. The other case is the UL grant transmitted first and DL assignment subsequently. In this case, it is likely to lead to the simultaneous transmission of the scheduled PUSCH and the HARQ PUCCH for the scheduled PDSCH. eNB could avoid scheduling the DL assignment in the problematic case, but MTC UEs will decode the remaining candidates in vain and consume power unnecessarily. Therefore, it is better to not support multiplexing DL assignment and UL grant for less scheduling complexity and power saving in enhanced coverage. 
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Figure 3 Two cases of multiplexing DL assignment and UL grant in the same search space
Proposal 2: In enhanced coverage, multiplexing DL assignment and UL grant in the same search space is not supported.
4. MPDCCH Repetition Number Notification 

At the last meeting, the ambiguity issue on MPDCCH repetition number was discussed. It was agreed that MTC UEs are able to determine the repetition number. However, how to determine the actual repetition number on UE side needs further discussion.
The following options are possible solutions to notify the MPDCCH repetition number without impact on the MPDCCH blind decoding.
· Option (a): Indicate the MPDCCH repetition level via DCI

· Option (b): Indicate the MPDCCH RL by masking RL-specific sequence on CRC 
· Option (c): Indicate the MPDCCH RL by scrambling RL-specific sequence on the whole DCI 
Option (a) is quite simple and easy to be realized.  There may be concern on the negative impact on the DCI size. Assuming 4 levels are configured for MPDCCH repetition, the increased bits are only 2 bits which is acceptable. 
As for option (b) and option (c), both of them could avoid the increase of DCI size. But they cause the risk of increased false alarm probability. Considering eNB could smartly assign the C-RNTI and configure separate MPDCCH narrow bands for the MTC UEs, such negative effect can be avoided.
In current LTE system, the idea of option (b) is already applied to DCI format 0 to distinguish UE transmit antenna selection, while option (c) will introduce a new operation which probably complicates the processing. In option (b), only one set of masking sequences needs to be specified and monitored by MTC UEs in all cases. However, in option (c), multiple sets of scrambling sequences should be specified since the DCI sizes are different due to different formats, transmission modes or coverage enhancement levels. Hence, option (b) is more desirable compared with option (c).
From our perspective, we slightly prefer option (a) for simplicity and less standardization effort. If the increased DCI size in option (a) is really one critical issue, option (b) can be considered.
Proposal 3: Notify the MPDCCH repetition number via DCI or by masking RL-specific sequence on CRC.
5. Conclusion
In this contribution, we discussed some remaining issues on search space. Our views on these issues are summarized as below
Proposal 1: In enhanced coverage, only aggregation level of 24 ECCEs is supported.
Proposal 2: In enhanced coverage, multiplexing DL assignment and UL grant in the same search space is not supported.
Proposal 3: Notify the MPDCCH repetition number via DCI or by masking RL-specific sequence on CRC.
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