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1 Introduction
In the last RAN1 meeting, one working assumption is related to simultaneous reception of multiple unicast and broadcast transmissions as following [1]. 

Working assumption:
· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs
· FFS: UE behavior
In this contribution, we discussed possible cases and solutions for simultaneous reception of multiple transmissions for unicast and broadcast. Based on the discussion, some proposals are made.
2 Discussion
In RAN1#78BIS meeting, bandwidth reduction is agreed as the most important complexity reduction technique for Rel-13 MTC UEs. Another important complexity reduction technique is transport block size reduction, and related working assumptions are the maximum TBS for unicast and broadcast transmission is approximately 1000 bits. Another working assumption is that Rel-13 low complexity UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast. From the perspective of complexity at UE side, it’s preferred to confirm the working assumption of not supporting simultaneous reception. Two cases should be considered under this working assumption: 1) simultaneous reception of multiple broadcast transport blocks; 2) simultaneous reception of unicast and broadcast transport blocks. Especially for the latter case, possible collision cases will be more complex if unicast data and broadcast data are transmitted within different subbands for a bandwidth reduced Rel-13 MTC UE.
Simultaneous reception of multiple broadcast transport blocks

For Rel-12 MTC UE, the maximum TBS for unicast and broadcast transmission is 1000 bits and 2216 bits respectively. And category 0 UE is not required to support simultaneous reception of two broadcast transport blocks with each TBS larger than 1000 bits. It’s agreed that it’s an UE implementation issue to handle such case as following [2]: “If a UE indicating category 0 is scheduled with PDSCH transmissions exceeding its processing capability as specified in TS 36.306, the prioritization between these PDSCH transmissions is up to the UE implementation.” For Rel-13 MTC UE, this agreement can be directly reused if eNB schedules multiple broadcast transport blocks simultaneously.
Proposal #1: It is up to UE implementation if eNB schedules multiple broadcast transport blocks simultaneously.
Simultaneous reception of unicast and broadcast transport blocks

The case of simultaneous reception of broadcast and unicast transport blocks has not been discussed in Rel-12 MTC WID, and it needs to be clarified. Possible solutions to solve this problem may be a restricted scheduling at eNB, specifying a prioritization for simultaneous reception of unicast and broadcast PDSCHs, or up to UE implementation.   
It’s expected that eNB can avoid scheduling transmission of unicast and broadcast transport blocks simultaneously. For example, in case of RAR transmission for a contention bases access, eNB won’t schedule a unicast transmission simultaneously to any Rel-13 MTC UE, if eNB has no idea of which UE the scheduled broadcast is intended for. If eNB can exactly know the scheduled broadcast transmission is for which UE, e.g. RAR for non-contention based case, eNB scheduling should avoid unicast transmission for the UE. The restricted eNB scheduling may impact the downlink data rate of Rel-13 MTC UE. Moreover, the impact will be serious if broadcast transmission occupies more subframes for repetition under coverage enhancement mode. Therefore, it may be unpractical to completely avoid simultaneous unicast and broadcast transmissions by eNB scheduling. 
A prioritization of physical channels can be used to determine which PDSCH should be received and which PDSCH should be dropped, to solve simultaneous reception of broadcast and unicast data. Unicast PDSCH may have a higher priority to be received and the dropped broadcast PDSCH may be expected in next available chance. For example, UE can detect a missed SIB in next period, detect a RAR by triggering another PRACH and receive a missed paging message in next paging cycle. Alternatively, broadcast transmission may have a higher priority to be received and the dropped unicast PDSCH is expected in next available chance e.g. a retransmission triggered by HARQ functionality. Regardless of which transmission is dropped, the impact for system performance seems acceptable. 
The prioritization may be specified or up to UE implementation. If the prioritization of different physical channels or downlink data types is specified, all possible cases of simultaneous unicast and broadcast transmissions need to be carefully reviewed, which will introduce much specification effort. UE can determine to receive which PDSCH according to its self situation, e.g. unicast PDSCH may have a higher priority if it is the last retransmission, or RAR PDSCH for the purpose of SR may have a higher priority if the SR is very urgent, and so on. Since the impact of missing broadcast or unicast PDSCH for system performance may be acceptable, up to UE implementation seems more feasible. Considering many contents in Rel-13 MTC WID need to be specified, UE implementation without any specification effort is preferred. 
Proposal #2: It’s expected that eNB can avoid simultaneous transmission of broadcast and unicast data to one UE. It is up to UE implementation if eNB schedules unicast broadcast transport blocks simultaneously.
Simultaneous reception of unicast and broadcast related physical channels
As a reduced bandwidth of 1.4MHz for both RF and baseband, Rel-13 MTC UE transmits or receives physical channels within a subband of 6 contiguous PRBs. Considering broadcast transmission can be shared by multiple groups of Rel-13 MTC UE configured with different unicast subbands, broadcast and unicast related physical channels may be transmitted within different subbands. For example, unicast related physical channels may be transmitted within a high layer configured subband, and broadcast related physical channels may be transmitted within a predefined subband, e.g. middle 6 PRB. Thus, it is impossible to support simultaneous reception of unicast and broadcast related physical channels.   
In this case, just one subband can be received by Rel-13 MTC UE, either broadcast or unicast subband. In RRC_CONNECTION mode, reception of broadcast subband is required in some cases, e.g. receiving PSS/SSS or mSYNC for timing acquisition and tracking, receiving SIB if the SIB is modified or out of data, monitoring a RAR window, or monitoring Paging within a paging subframe. And reception of unicast subband is also required in some cases, e.g. receiving (E)PHICH for UL HARQ-ACK, or monitoring (E)PDCCH for DL assignment or UL grant. If cross-subframe scheduling is used, whether or not there is a scheduled PDSCH within one subframe can be pre-known. Thus, possible collision cases are as following:
· Collision of broadcast related (E)PDCCH and unicast related (E)PDCCH 
· Collision of broadcast related (E)PDCCH and unicast related PDSCH 

· Collision of broadcast related (E)PDCCH and (E)PHICH
· Collision of broadcast related PDSCH and unicast related (E)PDCCH 

· Collision of broadcast related PDSCH and unicast related PDSCH 
· Collision of broadcast related PDSCH and (E)PHICH
· Collision of PSS/SSS or mSYNC and unicast related (E)PDCCH

· Collision of PSS/SSS or mSYNC and unicast related PDSCH

· Collision of PSS/SSS or mSYNC and (E)PHICH
Among above collision cases, some cases cannot be avoided by eNB scheduling, e.g. collision case with UL HARQ-ACK. Dropping UL HARQ-ACK may be acceptable since soft-buffer data will not be flushed until receiving a UL grant for new data transmission and retransmission can be triggered by next (E)PHICH or UL grant. For other collision cases, similar to above discussion for simultaneous reception of unicast and broadcast transport blocks, missing broadcast or unicast related physical channels may have some impact on system performance, e.g. user data rate or cell spectral efficiency. However, the impact may be acceptable. Quantifying the impact to specify a prioritization for these collided physical channels may be difficult and the specification effort will be large. Comparing with specifying a prioritization, UE implementation may be a simple solution and no specification effort is needed. Moreover, receiving which subband may also depend on retuning time. If retuning time is 0.5ms or 1ms, frequent retuning between broadcast and unicast subbands may not be efficient. 
Proposal #3: Receiving which subband is up to UE implementation if broadcast and unicast related physical channels are transmitted within different subbands.
3 Conclusion
In this contribution, we discussed possible cases and solutions for simultaneous reception of multiple transmissions for unicast and broadcast. Based on the discussion, we have following proposals:   
Proposal #1: It is up to UE implementation if eNB schedules multiple broadcast transport blocks simultaneously.
Proposal #2: It’s expected that eNB can avoid simultaneous transmission of broadcast and unicast data to one UE. It is up to UE implementation if eNB schedules unicast broadcast transport blocks simultaneously.
Proposal #3: Receiving which subband is up to UE implementation if broadcast and unicast related physical channels are transmitted within different subbands.
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