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1
Introduction
In RAN1#79, following discussions on simultaneous reception requirements for the Rel-13 low-complexity UE, the following agreements were made [1] –

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

The following working assumption was also made –

Working assumption

· UE is not required to support simultaneous reception of multiple transport blocks for broadcast transmission (SIB/paging/RAR) in a subframe for Rel-13 low complexity UEs 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.

· Note that the transport block here refers to the ones carried by PDSCH

· The case of MBMS, if supported, is FFS

In this contribution, we analyze the general considerations for simultaneous reception of multiple transport blocks by the Rel-13 low-complexity MTC (LC-MTC) UE and discuss the more detailed aspects of the different scenarios for simultaneous reception that must be taken into account when specifying UE behavior.
2
General Considerations
It has been agreed that the Rel-13 LC-MTC UE will have a bandwidth of 1.4 MHz to reduce complexity. As another technique to reduce the UE complexity, it has also been agreed that the maximum TBS for unicast transmission to a Rel-13 LC-MTC UE is approximately 1000 bits. Further complexity reduction is targeted through the above agreement. It can be noted that the eNB may schedule simultaneous transmission of unicast and broadcast transport blocks or simultaneous transmission of two broadcast transport blocks on PDSCH to the same LC-MTC UE. Various scenarios for simultaneous reception need to be considered to discuss the UE behavior. In particular, we consider the following two main scenarios derived from above:
1. eNB schedules unicast and broadcast simultaneously to the same UE;

2. eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE.

Broadcast transmission on PDSCH includes SIB, RAR, and paging. Each of these can be scheduled simultaneously with a unicast transmission [2], [3]. Furthermore, different combinations of the broadcast content types may also be scheduled together by the eNB.

It is relevant to note that an LC-MTC UE may be configured to operate in multiple 1.4-MHz regions within the system bandwidth. An example is when one region is configured for broadcast (e.g, SIB) and one for unicast. Then, two relevant scenarios are worth considering:

a. Simultaneous reception of unicast/broadcast or broadcast/broadcast transport blocks in the same 1.4 MHz region;
b. Simultaneous reception of unicast/broadcast or broadcast/broadcast transport blocks in different 1.4 MHz regions.

A further consideration is whether or not the UE is in coverage enhancement (CE) mode. The important case is one where the UE is in CE mode since multiple subframes, where repeated transmissions occur, will be impacted by the UE behavior. 
It may be possible for the eNB to avoid scheduling these simultaneous transmissions in some instances. However, there may be other instances where such scheduling restrictions may not be an option. In these latter cases, possible solutions are to not specify the UE behavior but leave it up to implementation or to specify priorities to enable the UE to decide which transport block it must choose to receive. If UE behavior is not left up to implementation, various individual cases would need to be considered and the UE behavior defined for each. It is still possible to specify UE behavior for a subset of all cases and leave it up to implementation for other cases.
3
Discussion of Scenarios for Simultaneous Reception
In analyzing the various cases for simultaneous reception, the impact on the LC-MTC UE from choosing to receive one transport block over the other needs to be considered. In particular, it is important to ensure that there is no serious impact if the UE chooses to receive a unicast over a broadcast transmission, which may contain critical information. This may also depend on whether the UE is in CE mode. Furthermore, if the UE is configured with multiple 1.4 MHz regions, UE behavior when receiving multiple transport blocks should also take re-tuning considerations into account.
3.1 
Reception Within the same Region or in Different Regions

In the CE mode, simultaneous transmission of two transport blocks in the same 1.4-MHz region within a subframe to the same UE will not occur, so only the non-CE mode needs to be considered for this case. Here the eNB may be able avoid scheduling simultaneous transmissions of multiple transport blocks to a UE, particularly if a unicast is one of them and the eNB knows the identity of the UE(s) for which the broadcast is intended. 
On the other hand, when multiple 1.4-MHz regions are configured for a UE, the UE may have to deal with simultaneous reception of transport blocks in two regions in both CE and non-CE modes. Here again, the eNB may be able to avoid scheduling simultaneous transmissions of multiple transport blocks to a UE, as noted above. An additional consideration with respect to UE behavior relates to whether cross-subframe scheduling is used to schedule the downlink transmissions. Thus, even at the time of transmitting the downlink scheduling assignments, the eNB could avoid simultaneous transmissions, if it could do so. In the event of simultaneous downlink assignment transmissions, however, once the UE is committed to receiving the downlink assignment in one of the regions, it can receive only the corresponding (either broadcast or unicast) transport block on the PDSCH in the same 1.4 MHz region. It is possible that the UE is configured by the higher layer to receive at least broadcast transmissions in only one pre-configured region. Furthermore, the UE may be expecting a broadcast transmission (e.g., it may be waiting for an RAR or may be within a SIB scheduling window). In this event, the UE may have the ability to prioritize between unicast and broadcast reception even before receiving the corresponding scheduling assignment. Note that the eNB may also transmit unicast or broadcast transport blocks on PDSCH without downlink scheduling assignments (e.g., SPS for unicast or control-less transmission for broadcast). In this case, the UE would again have knowledge of the pre-scheduled unicast or broadcast transmission based on which it can prioritize reception in one region. If the UE is in CE mode, UE prioritization can further take into consideration the total duration of reception for the repeated unicast or broadcast transmission. A special case is where the UE is in the middle of receiving repeated transmissions of one transport block (e.g., unicast) when transmissions of the other transport block begin (e.g., broadcast). In such an event if the UE switches to start receiving the latter transmission, then there is an impact to the UE both in terms of performance and wasted energy.
Observation 1: Specification of UE behavior is likely to be more important in the case of simultaneous reception of multiple transport blocks in different 1.4 MHz regions.

3.2 
Simultaneous Reception of Unicast and Broadcast Transport Blocks
Here we discuss the different possibilities for simultaneous reception of unicast and broadcast transport blocks. Based on the types of content that can be transmitted in the broadcast transport block, three examples can be considered as below.
Reception of RAR and a unicast transport block

The UE can be waiting to receive an RAR within a configured time window after transmission of the PRACH. This can happen at the same time that the UE receives a unicast, for example, if it sent a PRACH transmission to establish fresh uplink synchronization in order to send uplink control or data information. If the UE receives the unicast block and misses the RAR transmission, then it would have to repeat the PRACH transmission procedure and there is cost in terms of delay in uplink transmission. If the UE is in CE mode, then UE power wastage may also be a concern. On the other hand, if the UE prioritizes receiving the RAR over the unicast transmission, the main concern is when the UE is in CE mode, where the cost may be significant in terms of wasted resources and increased delay.
Reception of paging and a unicast transport block

The UE may receive a paging message when also simultaneously receiving a unicast when there is a change in the system information (signaled through the SystemInfoModification flag). If the flag is set, it may be important for the UE to prioritize receiving this message over the simultaneously transmitted unicast because missing the indication of the changed system information would subsequently delay acquiring the changed system information itself. If the UE fails to immediately acquire the changed system information, it could impact the UE’s ability to continue to successfully receive unicast data. The impact of prioritizing reception of broadcast over unicast is the same as in the previous example.
Reception of SIB and a unicast transport block

The third example involves the simultaneous reception of SIB and unicast by the UE. If the system information has not changed, the UE may be able to ignore the SIB and prioritize reception of the unicast transport block. Otherwise, reception of SIB should be prioritized failing which the consequences discussed above may result. If the new SIB defined for LC-MTC UEs include a value tag similar to SystemInfoValueTag in SIB1, it could again be used to determine whether system information has changed — and whether prioritized reception of other system information messages is needed. The cost of ignoring the unicast is the same as above.
Observation 2: UE performance can be significantly impacted by the behavior in the case simultaneous reception of a unicast transport block and a broadcast transport block when the UE is in CE mode.
3.3 Simultaneous Reception of Broadcast Transport Blocks
Here different combinations of simultaneously transmitted RAR, paging, and SIB messages can be considered. As discussed above, it is reasonable to assume that a single 1.4 MHz region may be configured for all broadcast messages and consider mainly the scenario in which multiple broadcast transport blocks are scheduled in this region. The scenario where the UE is not in CE mode does not include anything unique compared with Rel-12, however, and relevant Rel-12 agreements can be carried over. On the other hand, it is worth considering whether the Rel-13 LC-MTC UE can be configured with multiple 1.4 MHz regions for reception of broadcast messages or whether the UE can receive multiple broadcast transport blocks in the same 1.4 MHz region in the CE mode. If the latter two scenarios are possible, then further examination of different cases can be undertaken to determine the benefits of specifying prioritization of reception among simultaneously received broadcast transport blocks. Otherwise, the UE behavior can be left up to implementation.
Observation 3: The consideration of simultaneous reception of multiple broadcast transport blocks is mainly driven by whether the Rel-13 LC-MTC UE can be configured with multiple 1.4 MHz regions for reception of broadcast messages and whether the UE can receive multiple broadcast transport blocks in the same 1.4 MHz region in the CE mode. 

4
Conclusion

In this contribution, various aspects related to simultaneous reception of broadcast and unicast transport blocks by the Rel-13 low-complexity UE are discussed. The following observations are made:
Observation 1: Specification of UE behavior is likely to be more important in the case of simultaneous reception of multiple transport blocks in different 1.4 MHz regions.

Observation 2: UE performance can be significantly impacted by the behavior in the case simultaneous reception of a unicast transport block and a broadcast transport block when the UE is in CE mode.

Observation 3: The consideration of simultaneous reception of multiple broadcast transport blocks is mainly driven by whether the Rel-13 LC-MTC UE can be configured with multiple 1.4 MHz regions for reception of broadcast messages and whether the UE can receive multiple broadcast transport blocks in the same 1.4 MHz region in the CE mode. 
Since the UE is not required to receive multiple transport blocks and eNB restrictions on scheduling to avoid such transmissions are not always possible, UE behavior needs to be defined. The alternatives are to either leave it up to UE implementation or to specify the UE behavior for at least a subset of the possible cases and leave it up to UE implementation for the other cases. UE behavior can be specified based on prioritization of different transmissions for which a more detailed analysis of individual cases is necessary.
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