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1. Introduction
At the RAN1#82b meeting, there was some progress in the search space related issues. However, there are still several issues to be resolved. In this contribution, we will share our views on the remaining issues of search space design in terms of supported aggregation level in coverage enhancement mode B, multiplexing of DL assignment and UL grant in the same search space, relationship between different search spaces.
2. Supported Aggregation Levels
At the RAN1 #82 meeting, it was agreed that multiple aggregation levels can be supported in normal coverage [1]. 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 likely to incur simultaneous reception of PDSCH and M-PDCCH 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 considering the accuracy of CSI measurement. On the other hand, supporting multiple aggregation levels in enhanced coverage case leads to more 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. 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 mode B, 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 coverage enhancement mode B, multiplexing DL assignment and UL grant in the same search space is not supported.

4. Relationship among Different Search Spaces
At the last meeting, the following types of search spaces were agreed to be supported [4]. However the relationship between some search spaces needs further discussion
· From UE perspective, the following SSs are supported:

· 1: CSS for paging

· 2: CSS for random access response (message 2) for each PRACH repetition level. 

· Note: the 1st CSS and the 2nd CSS are separately configured

· 3: SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup are the same
· FFS whether the 2nd CSS for RAR is same as the 3rd SS 
· FFS: Whether UE continues to monitor the 2nd CSS and/or 3rd SS for random access after reception of PDSCH with RRCConnectionSetup
The first issue is whether the 2nd CSS for RAR is the same as the 3rd SS. If these two search spaces share the same resources as shown in Fig.4 , CSS is responsible for the M-PDCCH transmission of RAR, Msg. 3 retransmission, PDSCH with contention resolution and PDSCH with RRC ConnectionSetup. Considering the limited capacity of CSS and possible massive MTC devices as well as extensive repetitions, the heavy load would incur serious congestion. 
On the other hand, if different resources are configured for them, the heavy M-PDCCH load on CSS can be offloaded to the USS as early as possible and then the congestion issue can be avoided accordingly.  
As for the indication of resource for 3rd SS, the following two options are possible
(1) Included in the MTC-SIB
(2) Included in the RAR
Containing the additional message in the MTC-SIB would increase the overhead for the MTC-SIBs and the required repetitions would increase accordingly. Moreover, resource wastage would happen since SIBs are transmitted periodically while there is no consistent demand for the M-PDCCH set initialization. Thus, including this message in the MTC-SIB is not preferable. As for including the message in RAR, since some fields of the UL grant in RAR are unnecessary or can be optimized, reusing these fields for the initial configuration of USS would not incur additional overhead in RAR compared to the existing UL grant in RAR. Furthermore, as RAR is almost the UE-specific information, the flexibility of initializing M-PDCCH set in UE-specific manner can be guaranteed. If the partial inclusion of M-PDCCH set configuration is feasible, we prefer to this approach.
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Figure 4 2nd CSS for RAR is same as the 3rd SS
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Figure 5 2nd CSS for RAR is different from the 3rd SS
Proposal 3: Search space for M-PDCCH of Msg.3 Retransmission and Msg.4 is different from CSS for RAR.
Proposal 4: The configuration of the 3rd SS is included in RAR if this doesn’t incur a significant overhead in the UL grant.
Considering the overhead in the RAR, only partial information for the 3rd SS configuration is included and other information is set with default value. To achieve more flexible MPDCCH transmission, complete USS configuration for the subsequent MPDCCH transmission can be included in the RRCConnectionSetup. In this case, UE does not need to monitor the SS for Msg 3 retransmission, PDSCH with contention resolution and PDSCH RRC ConnectionSetup after reception of PDSCH with RRCConnectionSetup. 
Proposal 5: UE does not continue to monitor SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup after reception of PDSCH with RRCConnectionSetup. 
5. Conclusion
In this contribution, we discussed some remaining issues in search space design. Based on the discussion and analysis, our views are summarized as below
Proposal 1: In coverage enhancement mode B, only aggregation level of 24 ECCEs is supported.

Proposal 2: In coverage enhancement mode B, multiplexing DL assignment and UL grant in the same search space is not supported.

Proposal 3: Search space for M-PDCCH of Msg.3 Retransmission and Msg.4 is different from CSS for RAR.
Proposal 4: The configuration of the 3rd SS is included in RAR if this doesn’t incur a significant overhead in the UL grant.
Proposal 5: UE does not continue to monitor SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup after reception of PDSCH with RRCConnectionSetup.
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