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1 Introduction
In RAN1#79 and RAN1#80 meeting, some agreements and conclusions on simultaneous reception are made as following [1] [2]: 

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.

· 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

· 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 or not in enhanced coverage.

· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behaviour is FFS.

· The case of MBMS, if supported, is FFS
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

In this contribution, we discussed possible UE behaviours for handling simultaneous reception in normal coverage and in enhanced coverage respectively. Based on the discussion, some observations and proposals are made.
2 Discussion
2.1 Simultaneous reception in normal coverage

For a Rel-13 MTC UE in normal coverage, dropping one transport block due to handling simultaneous reception may not much impact system performance and UE experience, if eNB transmits multiple transport blocks simultaneously to the UE. For example, if a unicast transport block is dropped, retransmission may be triggered and the unicast transport block will not be missed since it is a small probability event that all retransmissions are dropped. If a RAR is dropped, another PRACH procedure may be triggered. In addition, it is possible there are multiple RAR transmissions within a RAR window, and RAR can still be received in this case. If a paging is dropped, UEs may receive the paging occasion in next paging cycle. For RRC-connected UE receiving paging for monitoring SI change, other behaviors can be used as compensation of dropping the paging, e.g. receiving the paging occasion of other UEs, or receiving SIB1 to check system value tag in next modification period. If MIB/SIB is dropped, UEs may receive next MIB/SIB period or another transmission in the same MIB/SIB period, e.g. there are four transmissions in one period for MIB and SIB1, and there may be multiple SI transmissions within a SI window for other SIB. Therefore, regardless of dropping which transmission, the impact to system performance seems acceptable.
Although dropping one transport block may not much impact system performance, eNB scheduling should be expected to avoid simultaneous transmission by eNB implementation as far as possible. For example, in a subframe with broadcast transmission, eNB won’t schedule a unicast transmission to any Rel-13 MTC UE. However, the restricted eNB scheduling may much impact the downlink data rate of Rel-13 MTC UEs. And, it may be unpractical to completely avoid simultaneous transmission by eNB implementation. Some solutions introducing specification impacts are not preferred considering a tight time line of Rel-13 MTC WID, e.g. defining TDM pattern for broadcast subframe and unicast subframe, UE assisted ACK reporting for broadcast transmission, and so on.
Prioritization can give the guidance for UE behaviors for handling simultaneous reception, e.g. paging has high priority in RRC-Idle mode, and RAR has high priority in RRC-Connected mode, and so on. However, for some simple collision case, smart UE can also make the same handling decision as the prioritization with specification effort. For some complex collision case, UE can determine to receive which transport block according to its self situation. For example, if a unicast transmission is the last retransmission, it may have a higher priority since dropping the last HARQ retransmission in PHY layer may trigger an ARQ retransmission in RLC layer. If a pending SR is not urgent, the RAR in a PRACH procedure triggered for the pending SR may have a lower priority. Therefore, smart UEs can take an optimal handling decision according to the actual situation. Since the impact of missing which transmission to system performance may be acceptable, up to UE implementation seems more feasible. Considering many contents in Rel-13 MTC WID need to be specified, up to UE implementation without any specification effort is preferred for handling simultaneous reception of Rel-13 MTC UEs in normal coverage. 

Proposal #1: For Rel-13 MTC UEs in normal coverage, it is up to UE implementation to receive one of the multiple transport blocks if transmitted by eNB.

2.2 Simultaneous reception in enhanced coverage
For UEs in enhanced coverage, dropping one transport block due to handling simultaneous reception may cause much impact to system performance and UE experience since a transport block may occupy a long transmission time. Dropping which transport block may need careful consideration. For example, a unicast retransmission triggered by dropping a unicast transport block may consume considerable physical resources. A PRACH procedure triggered by dropping a RAR may severely consume UE power. Since UE power consumption is a key metric for battery life of MTC UEs in particular in CE mode, the adopted solution should be carefully considered, especially from perspective of UE power consumption, and it may be different from the one in normal coverage.
As discussed for Rel-13 MTC UEs in normal coverage, up to eNB to avoid simultaneous transmission is not preferred considering restricted eNB scheduling and possibly introduced specification impact. Regarding prioritization, it may help to avoid some stupid UE behaviors, and eNB can exactly know which transport block is dropped at UE side. Thus, eNB may take some optimized scheduling strategy. For example, if eNB can exactly know a unicast transmission will be dropped at UE side, eNB won’t schedule the unicast transmission or schedule the unicast transmission with a larger repetition level for robust detection. If eNB can exactly know a broadcast transmission will be dropped at UE side, eNB may give additional reading occasion, e.g. retransmit a dropped RAR within the RAR window, or avoid simultaneous transmission in next reading occasion, e.g., next paging cycle, next MIB/SIB period. 
However, eNB may not exactly know when some collision case happens at UE side. For example, eNB cannot exactly know when a RRC-connected UE reads SIB1 to check system value tag. It seems that prioritization cannot perfectly solve the problem of handling simultaneous reception for some collision case. Another solution may be to use UE-specific signaling to carry changed system information, and unchanged system information needn’t to be signaled. In the solution, UEs needn’t receive paging/SIB1 to monitor SI change and possibly changed MIB/SIB in SI transmission period. Therefore, collision cases between MIB/SIB, paging and unicast in RRC-Connected modes can be completely avoided. The RRC-Connected UE just needs to receive unicast and RAR. Thus, UE behaviors for handling simultaneous reception will be very simple. 
One disadvantage of the solution may be to introduce additional signaling overhead. However, considering the number of UEs in enhanced coverage may be very limited and system information may not be frequently changed especially in CE mode, the additional signaling overhead carrying changed system information may be acceptable. In addition, comparing with frequent receiving paging/SIB1 in each modification period and receiving possibly changed MIB/SIB in SI transition period, receiving a dedicated UE-specific signaling carrying changed system information may be beneficial for UE power consumption reduction. In particular, since current system value tag cannot exactly indicate which SIB changes, MIB, SIB1 and all SIs may need to be received in a SI transmission period. That may not be efficient from the perspective of UE power consumption. Using UE-specific signaling to carry changed system information can solve the problem. 
If UE-specific high layer signaling carrying changed system information is applied, there are just two collision cases, i.e., colliding of paging and MIB/SIB in RRC-Idle mode, and colliding of RAR and unicast in RRC-Connected mode. For the two collision cases, simple prioritization can be defined. For example, paging has a higher priority in RRC-Idle mode, and RAR has a higher priority in RRC-Connected mode. 
Proposal #2: For RRC-Connected UEs in enhanced coverage, UE-specific signaling carrying changed system information should be considered. In addition, paging monitoring can be eliminated in the solution.  

Proposal #3: For UEs in enhanced coverage, handling other collision cases should adopt simple prioritization as following: paging has a higher priority in RRC-Idle mode, and RAR has a higher priority in RRC-Connected mode.  
3 Conclusion
In this contribution, we discussed possible UE behaviours for handling simultaneous reception in normal coverage and in enhanced coverage respectively. Based on the discussion, we have following observations and proposals:   
Proposal #1: For Rel-13 MTC UEs in normal coverage, it is up to UE implementation to receive one of the multiple transport blocks if transmitted by eNB.

Proposal #2: For RRC-Connected UEs in enhanced coverage, UE-specific signaling carrying changed system information should be considered. In addition, paging monitoring can be eliminated in the solution.  

Proposal #3: For UEs in enhanced coverage, handling other collision cases should adopt simple prioritization as following: paging has a higher priority in RRC-Idle mode, and RAR has a higher priority in RRC-Connected mode.  
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