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1 Introduction

For the Rel-13 MTC work item [1], good progress has been made towards the issues of maximum TBS and simultaneous reception in 3GPP RAN1#78bis and RAN1#79 meetings.
In this contribution, we discuss the remaining working assumptions and FFS points so that both RAN1 and RAN2 can make further progress for the MTC design. 

2 Max TBS

The working assumption below was made in 3GPP RAN1#78bis:

· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain

In 3GPP RAN1#79, it has been agreed that:

· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.

Some possible transport block size and corresponding code rates are shown in Figure 1 for broadcast transmission. Here NPRB={3, 4, 5, 6} are used for illustration. As in existing definition, QPSK is used for broadcast transmission, i.e., if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. The assumptions are: 3 OFDM symbols are assumed for control region, one antenna port for CRS, and DCI format 1A.  
As shown in Figure 1, when NPRB=3 or 4, the TB size cannot exceed 1000 bits even if high code rate is allowed. When NPRB=5 or 6, two and three TB sizes above 1000 are possible, respectively. However, the coding rate is too high (0.7 or above) for reliable transmission. 
As summarized in [3], repetition is required to transmit SIB messages for low-complexity UEs in normal coverage (SNR= (4 dB). For example, 40-80 repetitions are necessary for TBs of size 1000 bits to reach BLER=1% for low-complexity UEs with one receive antenna. If TB sizes greater than 1000 are supported, even more repetitions are needed. 
Note that in Figure 1, relatively low code rates are included for a given NPRB since it is assumed that all REs in the entire set of 6 PRBs, except REs for CRS and control region, are available for broadcast transmission. The code rate will be higher if resource elements have to be set aside for other purposes. For example, resources may need to be reserved for more CRS REs for higher number of antenna ports, or reserved for PBCH or PSS/SSS if the broadcast transmission is scheduled in the central 6 PRBs. 
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Figure 1. Possible TB size and code rate for broadcast transmission, assuming DCI format 1A.

Additionally, from UE implementation perspective, since the unicast TBS is approximately 1000 bits, it is desired to adopt similar max TBS (or lower) so that the same decoding circuits can be shared by unicast and broadcast and the UE implementation complexity is not increased. 

Considering the implementation complexity, the large number of repetitions, and the fact that there are only a few TB sizes above 1000 bits available, it is not justified to support TBS for broadcast transmission above approximately 1000 bits. Hence we have the proposal below:
Proposal:

· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is approximately 1000 bits.
It is recognized that the exact max TBS may be determined by RAN2 according to the max SIB size necessary to support Rel-13 low complexity UE.
3 Simultaneous Reception
In 3GPP RAN1#79, it has been agreed that the UE is not required to support simultaneous reception for numerous scenarios:

· 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.
· 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.

For Rel-13 low complexity UE not in enhanced coverage, the following was taken as a 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
In the following, we discuss the issues related to the working assumption.

3.1 Simultaneous Reception Not Required 

Normally for UEs in RRC_IDLE, all UEs are required to be able to simultaneous receive reception types A+B+C [5], which entails simultaneous reception of TBs for broadcast, 

PBCH +

PDSCH associated with SI-RNTI + 
PDSCH associated with P-RNTI 

For UEs in RRC_CONNECTED, all UEs are required to be able to simultaneous receive reception types A + B + (D or E or G or I) + (F or H or J) + M, which entails simultaneous reception of TBs for broadcast:

PBCH +

PDSCH associated with SI-RNTI +

PDSCH associated with RA-RNTI
For Rel-13 low complexity UEs, only 6 PRBs are visible to the UE in a given subframe. Even for UEs not in coverage enhancement (e.g., SNR= (4 dB), repetitions are necessary for broadcast message reception [3]. For example, assuming 6 PRB resources, a relatively small broadcast message of 152 bits need 7-16 repetitions to reach low-complexity UEs with BLER=1%. 
The simultaneous reception of multiple transport blocks for broadcast transmission is possible only if the below are satisfied:

(a) PDSCH associated with SI-RNTI only occupies a fraction of the 6-PRB sub-channel;

· Compared to using 6 PRBs, this requires more repetitions in time. For example, if 3 PRBs is used for PDSCH, then approximately twice as many repetitions are necessary as compared to using 6 PRBs.
(b) PDSCH associated with P-RNTI (or RA-RNTI) occupies a fraction of the 6-PRB sub-channel; 

· Compared to using 6 PRBs, this requires more repetitions in time to page the UE.
(c) PDSCH associated with SI-RNTI and PDSCH associated with P-RNTI (or RA-RNTI) map to the same 6-PRB sub-channel for UEs in RRC_IDLE (or in RRC_CONNECTED), 

· This puts constraints on resource allocation of SIB and paging (or random access response (RAR)) even if the SNR is sufficient for reception. For UEs in RRC_IDLE, it is unlikely that PCH will be transmitted in the same 6-PRB sub-channel as SIB in general. For UEs in RRC_CONNECTED, it is unlikely that the RAR will be sent in the same 6-PRB sub-channel as SIB in general.
(d) The total resource required by (a) and (b) above, as well as PBCH if present, fit into a 6-PRB sub-channel;
Considering the constraints above, there is no clear benefit to require the UEs to support simultaneous reception of multiple broadcast transport blocks. Hence, we have the proposal below:

Proposal:

· Confirm the 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.
3.2 UE Behavior to Handle Collision

It is possible that multiple transport blocks for broadcast and/or unicast are sent in the same subframe, but in different sets of 6-PRB groups.
Currently UE behavior is FFS for several scenarios:

· If eNB schedules unicast and broadcast simultaneously to the same UE, the UE behaviour is FFS.
· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the Rel-13 low complexity UE in enhanced coverage, in this case, the UE behaviour is FFS.
· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the Rel-13 low complexity UEs not in enhanced coverage, in this case, the UE behaviour is FFS.
If two or more transport blocks are transmitted by the eNB in the same subframe, the UE needs to choose which TB to receive. 
In general, since SIB is not expected to change frequently, once the UE has acquired a set of SIB, there is no need to repeat SIB reception unless the SIB is being modified. Thus, for UEs in RRC_IDLE, when SIB collides with paging occasions, the UE can attempt paging reception instead of SIB. For UEs in RRC_CONNECTED, when SIB collides with RAR window, the UE can attempt reception of RAR, instead of SIB.
On the other hand, if multiple repetitions are necessary to receive a TB, depending on if the UE has accumulated many repetitions of a TB or not, the UE may choose to continue the accumulation for a previous TB or switch to reception of a new TB. Additionally, RAN2 has made the following agreement in RAN2#85 on Rel-12 low-cost UEs:

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.

Hence considering all scenarios of DL TB collision, it is simpler to leave it up to UE implementation to decide which TB to receive for most cases. 
Exceptions may be made for a few critical messages, where a priority rule can be defined to prioritize the associated TB. In this case, the UE is required to prioritize the critical TBs over lower-priority TBs when they are in collision. Examples of the critical message include paging and RAR. The prioritized TBs may be located in another 6-PRB group, in which case the UE needs to schedule retuning time to switch frequency ahead of time. 
Proposals:

· If eNB schedules unicast and broadcast simultaneously to the same UE, it’s up to UE implementation which TB to prioritize.
· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the Rel-13 low complexity UE in enhanced coverage,
· the UE prioritizes TBs carrying paging message for UEs in RRC_IDLE;
· the UE prioritizes TBs carrying random access response (RAR) for UEs in RRC_CONNECTED;

· otherwise, it’s up to UE implementation which TB to prioritize.

· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the Rel-13 low complexity UEs not in enhanced coverage, in this case, it’s up to UE implementation which TB to prioritize.
It is noted that the similar to Rel-12 TB discussion, it may be necessary to coordinate between RAN1 and RAN2 before final decisions are made with regard to simultaneous reception.
4 Conclusions
In this contribution we discussed open issues related to maximum TB size and simultaneous reception. Based on the discussion, we have the following proposals.

Proposals:

· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is approximately 1000 bits.
· Confirm the 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 schedules unicast and broadcast simultaneously to the same UE, it’s up to UE implementation which TB to prioritize.
· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the Rel-13 low complexity UE in enhanced coverage,
· the UE prioritizes TBs carrying paging message for UEs in RRC_IDLE;
· the UE prioritizes TBs carrying random access response (RAR) for UEs in RRC_CONNECTED;

· otherwise, it’s up to UE implementation which TB to prioritize.

· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the Rel-13 low complexity UEs not in enhanced coverage, in this case, it’s up to UE implementation which TB to prioritize.
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