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1. Introduction
At the last RAN1 meeting, it was agreed that Rel. 13 MTC UE is not required to support simultaneous reception of more than one transport blocks (TBs) as follows [1]. In this case, how to handle the TB reception when multiple TBs are scheduled needs to be further discussed. 
Agreements:
· UE is not required to support simultaneous reception of more than one transport block for unicast transmission in a subframe at least for Rel-13 low complexity UE.
· Note that the transport block here refers to the ones carried by PDSCH
· UE is not required to support simultaneous reception of a transport block for unicast transmission and a transport block for broadcast transmission in a subframe at least for Rel-13 low complexity UE.
· If eNB schedules unicast and broadcast simultaneously to the same UE, the UE behaviour is FFS
· Note that the transport block here refers to the ones carried by PDSCH
· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe at least for Rel-13 low complexity UE in enhanced coverage.
· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behaviour is FFS.
· Note that the transport block here refers to the ones carried by PDSCH
· The case of MBMS, if supported, is FFS 
It is possible that multiple channels such as the EPDCCH and PDSCH for one UE cannot be located within a narrowband of 6 contiguous RBs. However, there is a possibility of multiple sets of narrowband resources being configured since the low complexity (LC)-MTC UE has a retuning functionality. Therefore, reduced bandwidth feature causes another problem of multiple information reception at MTC UE side, which needs to be addressed. 
In this contribution, we firstly discuss the problematic cases under the above two restrictions, i.e., no simultaneous TB reception and reduced bandwidth. Thereafter, possible solutions are presented and analyzed. Finally, we provide our views and preference for the possible solutions. 
2. Potential Cases for Multiple Information Reception
The normal LTE UEs can receive the PDSCH and PDCCH/EPDCCH in parallel in the same subframe. UEs in RRC_IDLE shall support any combination among broadcast PDCCH and broadcast PDSCH ( SIB, Paging ) and UEs in RRC_CONNECTED shall support any combination among broadcast PDCCH, PDSCH (SIB, Paging, RAR) ,dedicated PDCCH/EPDCCH and dedicated PDSCH.
For the Rel-13 LC-MTC UEs, for the purpose of low cost and low complexity, multiple PDSCH processing is not required. Moreover, the LC-MTC UEs are not able to simultaneously receive the DL signals and its combinations spanning out of 1.4 MHz. However, the simultaneous transmissions of the PDSCH and EPDCCH, PDSCH and PDSCH, or EPDCCH and EPDCCH in different DL BW sets of 1.4MHz in the same subframe is not explicitly forbidden, and may rather happen because the LC-MTC UEs are to support retuning functionalities and would be allowed, e.g., by higher layer or dynamic signaling, to use different sets. Therefore, we may face some issues specific to LC-MTC UE. We describe the potential problematic cases below.
Case 1: Simultaneous reception of multiple EPDCCHs

It is reasonable to assume both commons search space (CSS) and UE-specific search space (USS) are supported for Rel-13 MTC UE considering the flexibility in scheduling unicast and broadcast information by the EPDCCH [2]. When the CSS and USS are located within the same narrowband in the same subframe as shown in example 1 of Figure 1, MTC UEs are able to monitor both SS simultaneously. However, both CSS and USS may not be assumed because of shortage of resource elements within a reduced BW of 1.4 MHz. In addition, for the coverage enhancement mode, support of both CSS and USS within a 1.4 MHz becomes more challenging. Therefore, once the CSS on the EPDCCH is supported for the LC-MTC UE, it is possible to assume CSS and USS in separate narrowband in one subframe as depicted in Example 2 of Figure 1. In any cases, handling of CSS and USS or the corresponding UE behavior needs to be considered. 
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Figure 1 Example for case 1
Case 2: Simultaneous reception of multiple PDSCHs
Since there is chance that pre-assigned transmission occasions of broadcast PDSCHs such as MTC-SIB and paging message are overlapped in certain subframes and then simultaneous transmission of broadcast PDSCHs would happen as shown in Figure 2. We note that a simultaneous transmission of broadcast PDSCH and unicast PDSCH isn’t also forbidden. As shown in the example 1 of Figure 1, if CSS and USS are configured within a narrowband, a broadcast PDSCH and unicast PDSCH can simultaneously be scheduled. Restricting the scheduling is a simpler method, i.e., when there is broadcast PDSCH transmission, unicast PDSCH transmission is not scheduled. However, this loses a chance to transmit unicast PDSCH even though the MTC UEs does not need to decode every broadcast PDSCH. Thus, it would be reasonable to define the UE behavior for a simultaneous PDSCH transmission in one subframe.
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Figure 2 Example for case 2
Case 3: Simultaneous reception of PDSCH and EPDCCH

A simultaneous transmission of the PDSCH and EPDCCH can be also considered. More specifically, a simultaneous transmission of the broadcast PDSCH and unicast EPDCCH shown in Fig. 3 may have an issue. The scheduling restriction to the unicast EPDCCH can be considered as a solution. Similar to Case 2, however, this loses a chance to transmit unicast PDSCH even though the MTC UEs does not need to decode every broadcast PDSCH. Thus, it would be useful to define the UE behavior for a simultaneous transmission of the PDSCH and EPDCCH in one subframe.
All these cases may not be serious issues depending on the design for the DL transmission/reception for the LC-MTC UEs, and thus we propose the following.
Proposal 1: Discuss what combination of the DL signals for simultaneous reception becomes an issue and requires the standardized solution. 
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Figure 3 Example for case 3
3. Solutions to Multiple Information Reception
In this section, we provide the solutions to the issues described in Section 2.

Solution 1: UE implementation-based
When multiple information messages are transmitted from the eNB side, the LC-MTC UEs can determine the reception according to its decision. However, the eNB can’t acquire UE’s decision beforehand. In this case, MTC UEs may have the risk of missing some data. Taking the example 2 of Figure 1 as an example, The MTC UE decides to monitor CSS to detect a broadcast EPDCCH, while the eNBs transmit a unicast EPDCCH in eUSS to this UE. In this case, the MTC UE misses the unicast EPDCCH and retransmission will be triggered, which lower the spectral efficiency.
Solution 2: Priority-based
In order to align the understanding between eNB and MTC UEs, a clear priority-based selection rule could be defined for multiple information reception for the cases which is really considered to be issues. For example, the priority can be defined based on the importance of information, i.e., the paging message carrying the notification of essential system information change has higher priority than the unicast data. In addition, considering UE in different status may expect different information, the priority can change according to the UE status, i.e., when the LC-MTC UE is in the RACH procedure, the RAR information reception may own the highest priority. When the LC-MTC UE is in the RRC-IDLE mode, a paging information reception is assigned with the highest priority. 

Considering a UE implementation based solution suffer the spectral efficiency loss, the problem will become even severer in coverage enhancement case since many repeated transmissions would happen. Although standardization effort will be made in the specification-based solution, this effort would be worthwhile since it completely solves the problem of simultaneous reception with little negative impact on the network side and UE side.

Proposal 2: Priority-based solutions are preferable to handle the multiple information reception.
4. Conclusion
In this contribution, we focused on the discussion on multiple information reception under restricted capability of Rel-13 MTC UEs. Three problematic cases are figured out and possible solutions are presented and analyzed. Based on the discussion, we propose the followings.
Proposal 1: Discuss what combination of the DL signals for simultaneous reception becomes an issue and requires the standardized solution. 

Proposal 2: Priority-based solutions are preferable to handle the multiple information reception.
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