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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] –

a. 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

b. 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

c. 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
In RAN1#80, the following working assumption was confirmed [2] –
d. 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

The following conclusions were also drawn –
· 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 identified 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 analyze the various scenarios for simultaneous reception of multiple transport blocks by the Rel-13 low-complexity MTC (LC-MTC) UE and propose the UE behavior for each scenario.
2
General Considerations
It can be noted that the eNB is currently not restricted from scheduling simultaneous transmission of unicast and broadcast transport blocks or simultaneous transmission of two broadcast transport blocks on PDSCH to the same LC-MTC UE. For the purpose of the current discussion, broadcast transmission on PDSCH includes SIB, RAR, and paging. Each of these can be scheduled simultaneously with a unicast transmission. Furthermore, different combinations of the broadcast content types may also be scheduled together by the eNB.
When considering simultaneous transmission of two broadcast transport blocks, the following cases are identified:
a. Paging and SIB

b. Paging and RAR

c. SIB and RAR

It is also possible that paging, SIB, and RAR transport blocks are scheduled simultaneously.
When considering simultaneous transmission of a broadcast transport block and a unicast transport block, the following cases are identified:

a. Paging and unicast

b. SIB and unicast

c. RAR and unicast

As noted above, it was concluded in RAN1 #80 that scenarios for potentially colliding transport blocks need to be considered both when multiple transport blocks are scheduled in the same narrowband (1.4 MHz) region and when the multiple transport blocks are scheduled in separate narrowband regions. As discussed in [3], however, there are other considerations as well. For example, a further consideration is whether or not the UE is in enhanced coverage. The important case is one where the UE is in enhanced coverage since multiple subframes, where repeated transmissions occur, will be impacted by the UE behavior.
The significance of a message carried in a broadcast transport block may also depend on whether the UE is in RRC_IDLE or RRC_CONNECTED state. This is then a consideration if the definition of priorities for colliding messages is the chosen alternative.

UE is in RRC_IDLE

Paging – Used to indicate a change in the system information at the next modification period boundary (by including SystemInfoModification in the paging message) or an incoming call.
SIB – If the paging message indicates a change in system information, the system information would need to be re-acquired at the beginning of the next modification period.
RAR – If the UE is transitioning to RRC_CONNECTED, it transmits the PRACH for initial access and receives the RAR in response.

UE in RRC_CONNECTED

Paging – Used to indicate a change in the system information at the next modification period boundary (by including SystemInfoModification in the paging message).

SIB – If the paging message indicates a change in system information, the system information would need to be re-acquired at the beginning of the next modification period.

RAR – If the UE needs to transmit control or data on the uplink, or it needs to be able to transmit uplink ACK/NACK in response to downlink data transmission, then it needs to synchronize on the uplink for which it transmits a PRACH and receives the RAR in response.

While control-less transmission of paging and RAR may be possible, scheduling with the control channel may be preferable. On the other hand, the new SIB1 for LC-MTC (M-SIB1) is scheduled for periodic transmission with a fixed TBS. M-SIB1 scheduling information may be provided in the MIB as discussed in [5]. Alternatively, M-SIB1 scheduling information may be provided using the physical downlink control channel for MTC (M-PDCCH). In this case, it may be necessary to transmit control information indicating the TBS only at longer periods. Thus, not every M-SIB1 transmission is necessary assigned by M-PDCCH.
It is worth noting that even at the same coverage enhancement (CE) level, the required number of repetitions is in general different for unicast and each type of broadcast transmission. Thus even if the PDSCH transmissions for two different transport blocks start in the same subframe, they will likely not end at the same subframe. A broadcast transmission may be scheduled by the M-PDCCH (e.g., in common search space) or it may be control-less. At this stage, both possibilities need to be considered. A unicast transmission may be scheduled by the M-PDCCH using dynamic scheduling (DS) or it may be also be scheduled using semi-persistent scheduling (SPS), depending on the application. This would determine whether each PDSCH transmission is assigned by an M-PDCCH or not. Control-channel-based scheduling is relevant when considering collision of M-PDCCH for scheduling one transport block and PDSCH of the other transport block. This is particularly relevant when discussing simultaneous reception in the CE case. The UE decodes the M-PDCCH using P-RNTI, SI-RNTI, and RA-RNTI when it expects to receive paging, SIB, and RAR respectively.
3
Simultaneous Reception in the Same Narrowband
Here both broadcast and unicast are scheduled in the same narrowband region. Since the UE monitors a single narrowband region for control and data for all transmissions, there are no considerations due to retuning.
3.1 
UE in Normal Coverage
In this scenario, the M-PDCCH for multiple transport blocks may be transmitted in the same subframe. Furthermore, depending on the size of the transport blocks, the PDSCH transmissions may also occur in the same subframe. Two possible cases are depicted in Figure 1.
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Figure 1. Simultaneous Reception in One Narrowband for UE in Normal Coverage
Simultaneous Reception of Two Broadcast Transport Blocks

In the case of Figure 1(a), it is assumed that each of the two broadcast transport blocks is scheduled by M-PDCCH (using CRC scrambled with different RNTIs) in the previous subframe. In this case, the UE first obtains the PDSCH assignments for both transport blocks by decoding each M-PDCCH. It is assumed that the UE can do this without any issue. Although the figure shows that each M-PDCCH and the associated PDSCH are in the same narrowband, they may be in different narrowbands, still resulting in a similar simultaneous reception scenario. It is then left to determine the UE behavior with respect to the simultaneous reception of two PDSCH transport blocks in the same narrowband. It can be noted that there is nothing new in this scenario relative to Rel-12, where the following agreement was made in RAN2 #85 for a Cat-0 UE.

If the UE is not able to receive multiple Transport Blocks within a subframe due to max TBS and/or bandwidth limitation, it’s up to UE implementation which TB to prioritize.

The above agreement can be carried forward to a Rel-13 LC-MTC UE. Thus, it can be up to UE implementation to prioritize the transport block for decoding (Alt 2).
In the case of Figure 1(b), the PDSCH for one broadcast transport block is received in the same subframe as the M-PDCCH carrying the assignment for the second broadcast transport block (to be transmitted in the next subframe). Here the UE should be able to decode both the M-PDCCH and the unassociated PDSCH in the same subframe. It can then decode the second PDSCH in the next subframe.
Simultaneous Reception of a Unicast Transport Block and a Broadcast Transport Block
Here the cases are similar to those with simultaneous reception of two broadcast transport blocks. Therefore, we can again defer to the Rel-12 agreement, leaving it up to UE implementation to prioritize the transport block for decoding (Alt 3).
Proposal 1: For simultaneous reception of multiple broadcast transport blocks or a unicast transport block and a broadcast transport block in the same narrowband when the UE is not in coverage enhancement, use Alt 2. 

3.2 
UE in Enhanced Coverage
In this scenario, M-PDCCH and PDSCH transmissions are repeated where the number of repetitions may be different for unicast and the different types of broadcast messages. While not required, the M-PDCCH containing a single DCI may be mapped to fully occupy all 6 PRB pairs. Similarly, the PDSCH containing a single transport block may also fully occupy 6 PRB pairs. It has been agreed that in the CE mode PDSCH transmission will not begin before the end of the M-PDCCH transmission. Therefore, multiplexing of M-PDCCH and the assigned PDSCH is not allowed. Although it may be possible to multiplex M-PDCCH with an unassociated PDSCH, it is unlikely due to inefficiencies involved.  For similar reasons, it is also unlikely that two broadcast blocks or a unicast transport block and a broadcast transport block would be frequency-multiplexed.

Simultaneous Reception of Two Broadcast Transport Blocks

In some cases, however, the eNB may not be able to avoid scheduling simultaneous transmission of two broadcast transport blocks if the transmission occasions are fixed and coincide. This scenario is illustrated in Figure 2. In such cases, the UE performance may be impacted by its behavior during simultaneous reception. Furthermore, if the UE implementation is not based on careful considerations, then a lot of resources may be wasted by the eNB in transmitting a large number of repetitions (e.g., of paging and RAR messages and possibly the M-PDCCH for scheduling them). Therefore, rather than leaving it up to implementation, it is better to specify which transport block the UE should decode in various cases (Alt 1). 
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Figure 2. Simultaneous Reception in One Narrowband for UE in Enhanced Coverage
UE in RRC_IDLE
Paging and SIB – The paging message may indicate an incoming call or a change in system information at the next modification period. On the other hand, it may not be necessary to decode the SIB in the current subframe if it has not changed. It is clearly important for the UE to receive the indication of an incoming call. If the UE misses the indication of a change in system information contained in the paging message and does not reacquire system information at the next modification period, it may experience problems with further transmission and reception. Therefore, paging should be prioritized.
Paging and RAR – It is more important to receive the paging message for the reason described above and hence paging should be prioritized.

SIB and RAR – If this is the beginning of a modification period and a paging message was earlier received indicating a change in system information at the next modification period, then receiving the SIB is important. A delay in receiving RAR may be tolerable. Therefore, SIB should be prioritized. 
UE in RRC_CONNECTED
Paging and SIB – The paging message may indicate a change in system information at the next modification period. Therefore, paging should be prioritized.
Paging and RAR – The RAR is transmitted in response to uplink transmission of PRACH, the reason for which may have been loss of uplink synchronization. For operation with incoming calls, uplink synchronization would be important. Therefore, RAR should be prioritized.
SIB and RAR – For the same reason as in RRC_IDLE, SIB should be prioritized.
Simultaneous Reception of a Unicast Transport Block and a Broadcast Transport Block

Here again, the eNB may inevitably schedule simultaneous transmission of unicast and broadcast transport blocks. If the transmission of one transport block starts in the middle of the sequence of repeated transmissions of the other transport block, it can be up to UE implementation whether to continue to receive the first transmission block or to switch to receiving the second transport block (Alt 2). If the transmissions of both transport blocks start at the same time, however, it is possible to consider other alternatives.
The eNB may have the flexibility to delay scheduling the unicast transport block, in which case it can avoid simultaneous transmission of the transport blocks. This is preferable over transmitting two transport blocks and the UE being unable to receive one of them, particularly in coverage enhancement. The eNB may not always be able to do this, however. Furthermore, the UE may be significantly impacted, in terms of performance or power consumption, depending on the behavior, which may also affect the network. Therefore, the prioritization of transport block for reception can be specified (Alt 1).

Paging and Unicast – The paging message may indicate a change in system information at the next modification period. If the UE does not reacquire system information at the next modification period, it may experience problems with further transmission and reception. Therefore, paging should be prioritized.

SIB and Unicast – If change in system information was not indicated through paging, then reception of the unicast can be prioritized. If change in system information was indicated through paging and this is beginning of a new modification period, then SIB should be prioritized.

RAR and Unicast – The RAR is transmitted in response to a PRACH transmission, which the UE may have done because it lost uplink synchronization. Since it is important to complete the random access procedure, RAR should be prioritized.
Proposal 2: For simultaneous reception of multiple broadcast transport blocks or a unicast transport block and a broadcast transport block in the same narrowband when the UE is in coverage enhancement, use Alt 1. 
4
Simultaneous Reception in Separate Narrowbands

Here the assumption is that the LC-MTC UE is configured with at least two narrowband regions. One example is when one region is configured for broadcast messages and the other region is configured for unicast messages. It is also possible, however, that each type of broadcast message is transmitted in a separate region. Since the UE can receive in only one region, it must be tuned to the appropriate region for reception of a particular type of message. When the UE needs to switch from one region to another to start receiving a transmission in the second region, the re-tuning time must also be taken into account. 

4.1 
UE in Normal Coverage
In this scenario, it is assumed here that the M-PDCCH with the PDSCH assignments for the multiple transport blocks may be transmitted in the same narrowband region or separate regions. In the case where a single narrowband is used for scheduling both transmissions, it is assumed that the M-PDCCH for each assignment can be decoded. Then, which PDSCH the UE should decode is unspecified. In the latter case, however, which M-PDCCH (and hence, the corresponding PDSCH) the UE should choose to decode is unspecified. Even if a broadcast transport block is transmitted without scheduling with the control channel or if a unicast transport block is transmitted using SPS, the UE is faced with a similar choice. UE behavior in this instance then can be the same as when it receives transport blocks in two separate regions, which is discussed below. Two of the possible cases are depicted in Figure 3. A third case corresponds to receiving in the same subframe the M-PDCCH containing the assignment for one transport block in one region and a PDSCH in the other region (e.g., with control-less transmission or SPS), but the UE behavior in this case can be similar to that in one of the other cases.
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Figure 3. Simultaneous Reception in Separate Narrowbands for UE in Normal Coverage
Simultaneous Reception of Two Broadcast Transport Blocks

In the case illustrated by Figure 3(a), the M-PDCCH carrying the assignment for each broadcast transport block is transmitted in a separate region and the corresponding PDSCH is transmitted in the same region. Therefore, which transport block will be received is determined by which EPDDCH the UE decodes. The UE may or may not know which broadcast message(s) it can receive in each narrowband region. If it does not, then UE behavior cannot be specified anyway. It can be noted that the UE has information on candidate broadcast messages in a particular subframe based on knowledge of transmission occasions for different messages. If the UE has knowledge of which message is transmitted in each narrowband, however, in terms of impact, the scenario is similar to that for simultaneous reception in one narrowband where the preference is to leave the choice of which broadcast transport block to decode up to UE implementation while also taking re-tuning considerations into account when selecting the narrowband region to receive.
In the case of Figure 3(b), the M-PDCCH containing the PDSCH assignment for each broadcast transport block is transmitted in the same narrowband region. In this case, the UE can decode both the M-PDCCH assignments, after which it has knowledge of which narrowband region each broadcast transport block is transmitted in. Again it can be up to UE implementation to decide which broadcast transport block to receive and hence which narrowband region to re-tune to. Thus, Alt 2 is preferred in all cases for this scenario. 

Simultaneous Reception of a Unicast Transport Block and a Broadcast Transport Block
Here the considerations are similar to those with simultaneously receiving two transport blocks. There is likely to be more certainty about whether the transmission in a particular candidate narrowband region contains a unicast or a broadcast transport block. In terms of impact, again this scenario is similar to that for simultaneous reception in one narrowband where the preference is to leave it up to the UE whether to receive in the unicast or the broadcast transport block. Thus, it can be up to the UE to choose which narrowband region to tune to. Therefore, Alt 2 is again preferred for all cases.
Proposal 3: For simultaneous reception of multiple broadcast transport blocks or a unicast transport block and a broadcast transport block in separate narrowbands when the UE is not in coverage enhancement, use Alt 2. 
4.2 
UE in Enhanced Coverage
In this scenario, each transport block is transmitted in a separate narrowband region and transmissions are repeated in the same region, as illustrated in Figure 4. If the number of repetitions is different for the two transmissions, the transmissions end in different subframes (assuming that they start in the same subframe).  
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Figure 4. Simultaneous Reception in Separate Narrowbands for UE in Enhanced Coverage
Similar to the cases illustrated in Figure 3, here too the M-PDCCH and the PDSCH may be transmitted in the same narrowband region or in different regions (with all M-PDCCH transmission occurring in a single region). The considerations are the same as in the scenario where the transport blocks are transmitted in the same narrowband. Therefore, considering the potential impact of leaving the choice of transport block to decode up to UE implementation, it is again preferable to specify which transport block the UE should choose to decode if it knows what is transmitted in each narrowband region (Alt 1). If the UE does not have this information, then the choice of the narrowband region it chooses to receive and hence the transport block it decodes should be up to the UE implementation (Alt 2) both for simultaneous reception of multiple transport blocks and for simultaneous reception of a unicast transport block and a broadcast transport block. A point to note is that when the M-PDCCH transmissions are also in separate narrowbands, then the specified priority (Alt 1) applies to the associated M-PDCCH first then the PDSCH carrying the corresponding transport block.
Proposal 4: For simultaneous reception of multiple broadcast transport blocks or a unicast transport block and a broadcast transport block in separate narrowbands when the UE is in coverage enhancement, use Alt 1 if the UE has information on what transport block is transmitted in each narrowband and Alt 2 otherwise.
5
Summary

Based on the above analysis, the UE behavior for simultaneous reception in different scenarios can be summarized through the Table 1 below.
Table 1. Summary of Preferred Alternatives for UE Behavior
	Coverage Enhancement Scenario
	Preferred Alternative

	
	Same Narrowband
	Separate Narrowbands

	
	Broadcast/Broadcast
	Unicast/Broadcast
	Broadcast/Broadcast
	Unicast/Broadcast

	UE in normal coverage

	It is up to UE implementation to handle colliding TBs (Alt 2)
	It is up to UE implementation to handle colliding TBs (Alt 2)
	It is up to UE implementation to handle colliding TBs (Alt 2)
	It is up to UE implementation to handle colliding TBs (Alt 2)

	UE in enhanced coverage
	Define priority/priorities among collided messages (Alt 1) –

{

If UE is in RRC_IDLE, decode as specified:

  {

Paging/SIB – Paging

Paging/RAR – Paging

SIB/RAR – SIB
  }
Else if UE is in RRC_CONNECTED, decode as specified:

  {

Paging/SIB – Paging

Paging/RAR – RAR

SIB/RAR – SIB
  }
}
	Define priority/priorities among collided messages (Alt 1) –
{
Decode Broadcast
}
	If UE knows what TB is transmitted in each narrowband

{

Define priority/priorities among collided messages (Alt 1) –

  {

If UE is in RRC_IDLE, decode as specified:

    {

Paging/SIB – Paging

Paging/RAR – Paging

SIB/RAR – SIB
    }
Else if UE is in RRC_CONNECTED, decode as specified:

    {

Paging/SIB – Paging

Paging/RAR – RAR

SIB/RAR – SIB

    }
  }

Else

{

It is up to UE implementation to handle colliding TBs (Alt 2)
}
	If UE knows what TB is transmitted in each narrowband

{

Define priority/priorities among collided messages (Alt 1) –

  {

Decode broadcast
  }
Else

{

It is up to UE implementation to handle colliding TBs (Alt 2)
}


6
Conclusion

In this contribution, various scenarios related to simultaneous reception of broadcast and unicast transport blocks in the same narrowband or separate narrowbands by the Rel-13 low-complexity UE are discussed. RAN1 has previously identified the following as alternatives for behavior during simultaneous reception of multiple transport blocks by the UE:

· 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
The preferred alternative for each scenario is proposed in this contribution as follows.
Proposal 1: For simultaneous reception of multiple broadcast transport blocks or a unicast transport block and a broadcast transport block in the same narrowband when the UE is not in coverage enhancement, use Alt 2.

Proposal 2: For simultaneous reception of multiple broadcast transport blocks or a unicast transport block and a broadcast transport block in the same narrowband when the UE is in coverage enhancement, use Alt 1. 
Proposal 3: For simultaneous reception of multiple broadcast transport blocks or a unicast transport block and a broadcast transport block in separate narrowbands when the UE is not in coverage enhancement, use Alt 2.
Proposal 4: For simultaneous reception of multiple broadcast transport blocks or a unicast transport block and a broadcast transport block in separate narrowbands when the UE is in coverage enhancement, use Alt 1 if the UE has information on what transport block is transmitted in each narrowband and Alt 2 otherwise.
The proposals are summarized in the following table.
	Coverage Enhancement Scenario
	Preferred Alternative

	
	Same Narrowband
	Separate Narrowbands

	
	Broadcast/Broadcast
	Unicast/Broadcast
	Broadcast/Broadcast
	Unicast/Broadcast

	UE in normal coverage

	It is up to UE implementation to handle colliding TBs (Alt 2)
	It is up to UE implementation to handle colliding TBs (Alt 2)
	It is up to UE implementation to handle colliding TBs (Alt 2)
	It is up to UE implementation to handle colliding TBs (Alt 2)

	UE in enhanced coverage
	Define priority/priorities among collided messages (Alt 1) –

{

If UE is in RRC_IDLE, decode as specified:

  {

Paging/SIB – Paging

Paging/RAR – Paging

SIB/RAR – SIB
  }
Else if UE is in RRC_CONNECTED, decode as specified:

  {

Paging/SIB – Paging

Paging/RAR – RAR

SIB/RAR – SIB
  }
}
	Define priority/priorities among collided messages (Alt 1) –

{
Decode Broadcast
}
	If UE knows what TB is transmitted in each narrowband

{

Define priority/priorities among collided messages (Alt 1) –

  {

If UE is in RRC_IDLE, decode as specified:

    {

Paging/SIB – Paging

Paging/RAR – Paging

SIB/RAR – SIB
    }
Else if UE is in RRC_CONNECTED, decode as specified:

    {

Paging/SIB – Paging

Paging/RAR – RAR

SIB/RAR – SIB

    }

  }

Else

{

It is up to UE implementation to handle colliding TBs (Alt 2)
}
	If UE knows what TB is transmitted in each narrowband

{

Define priority/priorities among collided messages (Alt 1) –

  {

Decode broadcast
  }
Else

{

It is up to UE implementation to handle colliding TBs (Alt 2)
}
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