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1. Introduction
At the RAN1 #79 meeting, it was agreed that low complexity (LC)-MTC UE is not required to support simultaneous reception of more than one transport blocks (TBs). At the RAN1 #80 meeting, it was suggested to identify the problematic scenarios. In addition, several potential solutions were listed for discussion [1]. 
Conclusions:

· Identify scenarios for potentially colliding TBs for the cases of in the same narrowband and in separate narrowbands for

· broadcast traffic

· between unicast and broadcast

· RAN1 finds the following as alternatives:

· Alt 1: Define priority/priorities among collided messages

· Alt 2: It is up to UE implementation to handle colliding TBs 

· Alt 3: It is up to eNB to avoid any colliding TBs, possibly with UE assistance

Since detecting the MPDCCH and receiving the PDSCH is regarded as a complete data reception procedure, it is reasonable to discuss the MPDCCH detection and PDSCH reception jointly. Due to the reduced bandwidth restriction, both MPDCCH and PDSCH transmission for one UE cannot be located within a narrowband of 6 contiguous RBs sometimes, and then there is a possibility of multiple sets of narrowband resources being configured since the LC-MTC UE has a retuning functionality. Therefore, the reduced bandwidth feature causes another reception problem at MTC UE side, which needs to be addressed. In this contribution, we firstly discuss the problematic cases for data receiving with two restrictions, i.e., no simultaneous TB reception and reduced bandwidth. Thereafter, the potential solutions are analyzed and compared. Finally, we provide our views and preference for the possible solution. 
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 achieving low complexity, multiple PDSCH reception 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 MPDCCH, PDSCH and PDSCH, or MPDCCH and MPDCCH 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 MPDCCHs

If the necessity of.CSS is justified by the scheduling of paging/ RAR, then simultaneous monitoring of CSS and USS should be considered. 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 MPDCCH 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 of case 1
Case 2: Simultaneous reception of multiple PDSCHs
Since there is a 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 do not need to decode every broadcast PDSCH. 
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Figure 2 – Example of case 2
Case 3: Simultaneous reception of PDSCH and MPDCCH
A simultaneous transmission of the PDSCH and MPDCCH can be also considered. More specifically, a simultaneous transmission of the broadcast PDSCH and unicast MPDCCH shown in Figure 3 may have an issue. The scheduling restriction to the unicast MPDCCH can be considered as a solution. Similar to Case 2, however, this loses a chance to transmit unicast MPDCCH 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 MPDCCH 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 of case 3
3. Discussion on the possible solutions
The following alternatives were identified to handle multiple TBS receptions.
–
Alt 1: Define priority/priorities among collided messages

–
Alt 2: It is up to UE implementation to handle colliding TBs 

–
Alt 3: It is up to eNB to avoid any colliding TBs, possibly with UE assistance
In this section, we analyze the advantages and disadvantages of the above alternatives for each potential problematic case described in Sect. 2. Table.1 summarizes the brief analysis results. 
Table 1 Effectiveness analysis for each alternative

[image: image4.emf]Potential problematic cases Alt.1 Alt.2 Alt.3

CSS VS.USS o x x

PDSCH VS.PDSCH Broadcast PDSCH VS. Broadcast PDSCH o o x

Unicast PDSCH VS Broadcast PDSCH o o x

EPDCCH VS. PDSCH CSS VS Unicast PDSCH o o x

USS VS Broadcast PDSCH o x x


 Note:  
1. “o” denotes the alternative could work in the problematic case and “X” represents some restriction or problem would happen if applying this alternative
2. We assume the CSS and USS are located in different reduced bandwidth. In addition, the MPDCCH set and PDSCH are transmitted in different reduced BW as well. 
3. For the case of MPDCCH vs. PDSCH case, we assume the MPDCCH of the PDSCH is successfully detected in previous subframes

Alternative 3 imposes restrictions on the scheduling, i.e., when there is a broadcast PDSCH or MPDCCH transmission, the unicast PDSCH or MPDCCH transmissions are forbidden. However, this loses a chance to transmit unicast data even though the MTC UEs does not need to decode every broadcast PDSCH. This kind of restriction lowers the scheduling efficiency and prolongs UE’s active time potentially, which are not desirable from eNB side and UE side. 
In Alternative 2, the MTC UEs determine the reception according to its own decision when multiple messages are transmitted from the eNB side. In Rel.12, it was once agreed to handle the multiple TBs reception. For Rel.12 MTC UE, there is no restriction on the control signaling reception. Then Rel.12 MTC UEs could interpret the scheduling situation by detecting the DCI and make reasonable decision based on the DCI reception, i.e., the unicast DCI is detected, MTC UEs could decide to receive the unicast PDSCH. Or, MTC UEs may receive the broadcast PDSCH if there is a broadcast DCI transmission. However, the situation in Rel.13 is different from that for Rel.12 due to the reduced RF bandwidth. The MTC UEs can’t acquire the scheduling situation by reading DCIs beforehand since the DCI detection even becomes challenging in Rel.13. As we explained in Sect. 2, MTC UEs may be unable to monitor the CSS and the USS simultaneously or monitor the SS and PDSCH reception simultaneously. MTC UEs are even unclear whether there is DCI transmission in the subframe or not, and then they only make their decisions blindly. In this case, MTC UEs have the risk of missing some data. For example, eNB transmits unicast DCI in USS while the UE is unable to acquire eNB’s decision beforehand and blindly determines to monitor CSS or receive the broadcast PDSCH such as paging in this subframe. In this case, MTC UE misses the unicast data. The problematic cases which Alternative 2 is unable to handle could happen very often. Once there is broadcast MPDCCH or PDSCH transmission, missing data could potentially happen. Obviously, missing the data results in resource and power wastage and this negative impact would become much more serious in coverage enhancement mode due to the huge repetitions. 
The clear definition of receiving priority in Alternative 1 could align the understanding between eNB and MTC UEs and coordinates the eNB’s scheduling and UE’s receiving behavior. The drawback of Alternative 1 is requiring additional standardization effort. But this effort would be worthwhile since it removes the scheduling restriction on eNB in Alternative 3 and avoids missing the data in Alternative 2 with little negative impact on the network side and UE side.

According to the discussion above, we think priority-based solution is a feasible way to handle the multiple information reception. 
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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