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1 Introduction

For non-simultaneous reception of MTC UEs, in RAN1 #80 meeting, the following working assumption was confirmed [1]:
· 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
Further, the following conclusions were reached:
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
Also in RAN2 #91 meeting, the following agreements were concluded [2]:
Agreements

The UE is not required to detect SIB change while being in RRC CONNECTED. The NW may release the UE to IDLE if it wants the UE to acquire changed SIB or provide the updated SIB by dedicated signalling.
And for non-simultaneous transmission of MTC UEs, RAN1 #82bis reached the following agreement and encouraged further discussion [3]:

Agreements on Valid subframes for uplink:
· FFS on handling of collision between PUCCH/PUSCH resource and PRACH resource
Agreement:

· LC/CE UE is not expected to be configured with non-contiguous UL resource allocations, and simultaneous PUCCH and PUSCH

Continue discussion offline, including the following:

· For the subframes where PUSCH repetition and PUCCH repetition overlaps, one option is selected:

· If full overlap:

· Option 1: ACK is multiplexed with PUSCH 
· Option 2: Drop PUSCH

· If partial overlap:

· Option 1: Drop PUSCH during overlap portion

· Option 2: Drop the later channel

· Option 3: ACK is multiplexed with PUSCH on overlapped subframes
In this contribution, further consideration on non-simultaneous transmission/reception issue is analyzed taking the above progress into account.  
2 Scenarios of potential simultaneous reception for UEs in RRC_IDLE state

 For UEs in RRC_IDLE state, the potential collisions of DL reception are:

· RAR transmission and SIB transmission

· RAR transmission and Paging transmission

· Paging transmission and SIB transmission

Considering the updated SIB is critical to acquire system information, if an MTC UE knows there will have updated SIB in subsequent time occasions, the reception of updated SIB should have the highest priority at that time.
For an MTC UE to receive RAR, it has the cost of transmitting a PRACH preamble, which can need large resources, especially in coverage enhancement. Therefore, if there are no updated SIBs, M-PDCCH for RAR should have highest priority within a RAR window. Subsequent reception of RAR also has the highest priority in relevant subframes.

In a paging occasion not colliding with a RAR window, M-PDCCH for paging should have highest priority in case of preventing UE missing the network paging. Correspondingly, subsequent reception of paging also has the highest priority in relevant subframes.
To sum up, the priority of DL reception for UEs in RRC_IDLE state is:
Updated SIB > RAR > Paging > non-updated SIB

Proposal 1: The priority of DL reception for UEs in RRC_IDLE state should be: updated SIB > RAR > Paging > non-updated SIB. This applies to the PDSCH and the associated M-PDCCH.
3 Scenarios of potential simultaneous reception for UEs in RRC_CONNECTED state

An MTC UE does not need to detect SIB change while being in RRC CONNECTED. It is not specified when a RRC CONNECTED UE shall monitor for P-RNTI. Therefore the eNB cannot make any assumption as to collision or otherwise. Thus, for UEs in RRC_CONNECTED state, the potential collisions of DL reception are:

· RAR transmission and unicast transmission
· Unicast M-PDCCH and un-associated PDSCH
As analyzed above, RAR transmission should have highest priority due to otherwise incurring the cost of preamble re-transmission.

For the collision case of unicast M-PDCCH and un-associated PDSCH, it can refer to our parallel contribution [4].

Proposal 2: The priority of DL reception for UEs in RRC_CONNECTED state should be:  RAR > unicast transmission. Any other prioritization(s) in RRC_CONNECTED are up to UE implementation.
4 Scenarios of potential simultaneous transmission of PUSCH and PUCCH
MTC UEs do not support simultaneous PUSCH and PUCCH transmission according to the agreement. For PUSCH and PUCCH without repetition, the behavior could be the same as legacy behavior when simultaneous PUSCH and PUCCH transmission is not configured. The subframes of PUSCH repetition may be full overlapped or partial overlapped with the subframes of PUCCH repetition, which is discussed in the following.
If the subframes of PUSCH repetition and PUCCH repetition are full overlapped, the case is also similar as legacy UEs when simultaneous PUSCH and PUCCH transmission is not configured. The corresponding legacy behavior can be reused for MTC UEs, i.e. UCI is multiplexed on PUSCH unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, in which case UCI is not transmitted. 

If the subframes of PUSCH repetition and PUCCH repetition are partial overlapped, there are some options:
· Option 1: Drop PUSCH or PUCCH during overlap portion
We discuss this option for ACK/NACK on PUCCH, as SR is unlikely to overlap with PUSCH and periodic CSI is not supported for large CE. Assume eNB cannot correctly decode the channel which is dropped during overlap portion. If NACK is dropped (10% probability), it has no impact as eNB will still do DL retransmission. If ACK is dropped, eNB will send additional DL grant and PDSCH. The UE will decode the additional DL grant and then could find it is a retransmission, so the UE does not need to decode the scheduled PDSCH again. However, if PUSCH is dropped, eNB will send additional UL grant. The UE will make an additional decoding of the UL grant and resend the dropped PUSCH. From the UE decoding complexity and power consumption point of view, dropping ACK/NACK could save 10% MPDCCH decoding. On another hand, for MTC applications, the UL service needs to have higher priority. Thus dropping PUCCH during overlap portion is preferred.
· Option 2: Drop the later channel
This option will drop the whole later channel. For the later channel, even if the repetition number is 10 and only 1 subframe is in the overlap portion as an example, it will still be dropped. This option is not efficient because in the example, eNB would correctly decode the later channel if it is not dropped entirely. 
· Option 3: ACK is multiplexed with PUSCH on overlapped subframes or until ACK repetition is finished
If PUCCH is the first channel, UCI will be carried firstly on PUCCH and then on PUSCH in this option. The transition of physical channels carrying UCI is considered to be more complex for a UE to send one UCI, especially considering the differing frequency hopping configurations that may be in use.
If PUSCH is the first channel, multiplexing ACK with PUSCH only on overlapped subframes would also cause the changing of physical channels carrying ACK to PUCCH, when the repetition of ACK lasts after the overlapped portion. In another way, multiplexing ACK with PUSCH until ACK repetition is finished would enlarge the repetition number of PUSCH indicated in DCI, and the UE cannot know the actual repetition number required for the UL data.
Based on the discussion, we propose:
Proposal 3: When the subframes where PUSCH repetition and PUCCH repetition overlaps,

· If full overlap: reuse the legacy behavior when simultaneous PUSCH and PUCCH transmission is not configured.
· If partial overlap: drop PUCCH during overlap portion.
5 Scenarios of potential simultaneous transmission of PUSCH/PUCCH and PRACH

The overlap between subframes of PUSCH/PUCCH repetition and subframes of PRACH repetition may happen for UEs in RRC_CONNECTED state. According to [5], the events of PRACH for RRC_CONNECTED UEs include RRC connection re-establishment procedure, handover, DL data arrival requiring random access procedure, UL data arrival requiring random access procedure, random access for positioning purpose. PRACH should be given higher priority than PUSCH/PUCCH when the overlap happens as they are in different narrowbands and cannot be simultaneously transmitted by a MTC UE. Dropping the whole PUSCH/PUCCH channel is not an efficient way, because there may be only a small part of the repetition overlapped with PRACH. The UE could drop PUSCH/PUCCH just during the overlapped portion.
Proposal 4: When the subframes where PRACH repetition and PUSCH/PUCCH repetition overlaps, a UE drops transmitting PUSCH/PUCCH in the overlapped portion.
6 Conclusions
In this contribution, further consideration on non-simultaneous transmission/reception issue is analyzed, and the following proposals are presented:

Proposal 1: The priority of DL reception for UEs in RRC_IDLE state should be: updated SIB > RAR > Paging > non-updated SIB. This applies to the PDSCH and the associated M-PDCCH.
Proposal 2: The priority of DL reception for UEs in RRC_CONNECTED state should be:  RAR > unicast transmission. Any other prioritization(s) in RRC_CONNECTED are up to UE implementation.
Proposal 3: When the subframes where PUSCH repetition and PUCCH repetition overlaps,

· If full overlap: reuse the legacy behavior when simultaneous PUSCH and PUCCH transmission is not configured.
· If partial overlap: drop PUCCH during overlap portion.
Proposal 4: When the subframes where PRACH repetition and PUSCH/PUCCH repetition overlaps, a UE drops transmitting PUSCH/PUCCH in the overlapped portion.
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