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1 Introduction

This contribution discusses about UE category and capabilities for low complexity MTC UEs.
2 UE Category and Capability
Though maximum TBS that Rel-13 low complexity UE supports is same as Rel-12 Cat-0 UEs, Rel-13 MTC UE has very different features such as reduced bandwidth, cross-subframe scheduling, prioritized on half-duplex capability, etc. In general, it is preferred to have a separate UE category covering Rel-13 MTC UE where some basic assumption needs to be clarified what would be capabilities that this UE should report. We call this category as a Cat-M. 
(1) Half-duplex FDD: currently, it is a capability that Cat-0 UE reports. However, it is proposed to consider not utilizing the capability signaling such that it is assumed that Cat-M UE supports half-duplex as a baseline. 

(2) Reduced bandwidth: it is also assumed that Rel-13 Cat-M UE is not required to monitor more than 1.4Mhz RF bandwidth. If it can support more than 1.4Mhz from the RF perspective and/or baseband perspective, it can report its capability supporting full bandwidth as a capability. It’s FFS whether to introduce the support of full system bandwidth as a capability signaling. 
(3) UE power class: for Cat-M UE, newly added reduced power class is assumed to be a baseline for RACH and other procedures. Since the UE can support either legacy or new UE power class, signaling to indicate which power class may be necessary. 

In general, we think a new UE category is necessary given that Rel-13 UE has more cost-reduction features, and also has different requirement of maximum TBS handling for broadcast and simultaneous unicast/broadcast reception. 
Proposal 1. New UE category (at least for DL) is introduced for Rel-13 Low Complexity UE. 
3 UE capability and handling of collisions
3.1 Simultaneous reception handling
It is agreed that a UE is not required to receive more than one PDSCH in a subframe. It is our understanding this implies that a UE is not required to handle the case when two PDSCH repetitions overlap (partially or fully) in any subframes. However, if M-PDCCH scheduling two PDSCH are not overlapped, and two PDSCH are not overlapped in PRBs but transmitted on the same narrowband, a UE still can process both PDSCHs depending on implementation. Thus, rather than assuming this case would not occur, we think it’s up to UE implementation to handle this case. In case, if two PDSCHs also overlap in frequency, either it is assumed as an error case such that a UE is allowed to drop both or a UE always assumes that the latter PDSCH transmission are transmitted where the first transmission are stopped. If this case is allowed, the transmission behavior of eNB needs to be clarified unless it’s considered as an error case and the UE is supposed to drop both PDSCHs. If this case is up to UE implementation, HARQ-ACK corresponding on two PDSCHs can overlap in time as well depending on the number of repetitions of HARQ-ACK transmission. This case may occur for example between SPS PDSCH and UL-grant PDSCH. In such a case, to minimize any HARQ-ACK collision, it would be good to specify the priority between two as the followings. 
· A UE is allowed to not receiving SPS PDSCH repetition when SPS PDSCH partially or fully overlaps with scheduled PDSCH. In other words, DL-grant scheduled PDSCH can have higher priority over SPS PDSCH. 
· A UE is allowed to stop receiving earlier PDSCH when its resource allocation overlaps partially or fully with new PDSCH transmission (both are scheduled via DCI). 

· Otherwise, it’s up to UE implementation if two unicast PDSCH repetitions partially or fully overlap 
Between broadcast and unicast, two cases seem possible in RRC_CONNECTED. One is collision between paging occasion (and/or paging) and unicast PDSCH, and the other is collision between RACH related downlink transmission and unicast PDSCH. We consider paging can have higher priority as a UE has a requirement to monitor paging if it supports ETWS, CMAS. Also, RAR should have higher priority over other uncast PDSCH. Other than these two cases, it can be assumed that unicast control and data has higher priority over broadcast. This would also apply to M-PDCCH and broadcast data. 
Proposal 2: The priority handling among downlink receptions would be as the followings

· DCI-scheduled PDSCH has higher priority over SPS PDSCH in case of overlap. 

· Unicast (M-PDCCH and PDSCH) has higher priority over broadcast data except for paging and RAR.

· For paging (CMAS, ETWS supported UE), paging has highest priority

· RAR has higher priority over unicast 

· When unicast PDSCHs overlap in frequency, a UE is allowed to assume the later PDSCH (based on starting time) has higher priority.
. 

3.2 Half-duplex handling
According to current handling of half-duplex, a UE is allowed not to monitor downlink whenever it has uplink transmission. It is also allowed to have a subframe gap to switch from downlink to uplink and uplink to downlink. In general, uplink transmission is prioritized. If this is strictly applied, a network should avoid to schedule any downlink data on any periodic uplink transmissions for example, SR, periodic SRS, periodic CSI, SPS PUSCH, etc. With this constraint, it becomes challenging to schedule any dynamic grant, also considering repetition in both downlink and uplink. Instead, one way is to give higher priority on dynamically granted downlink transmission over periodic uplink transmission where a UE is allowed to skip periodic uplink transmission if there is downlink dynamically scheduled data. Also, to make it sure that the UE can receive sufficient control messages such as RRC reconfiguration, etc., some resource reservation where a UE should not switch to uplink transmission can be considered. Another potential priority to consider is the priority between timing on potential UL grant or DCI carrying HARQ-ACK corresponding to the transmitted PUSCH and any uplink transmission. If synchronous HARQ-ACK timing is used, it is important to listen on HARQ-ACK timing. Thus, it needs to be also considered to prioritize HARQ-ACK timing over uplink transmission to acquire UL grant or DCI carrying HARQ-ACK to multiple UEs. Generally, our view is that asynchronous HARQ-ACK timing would work better. If asynchronous PUSCH HARQ timing is introduced, this priority may not be necessary. 

Proposal 3: In HD-FDD, for flexible network operation, DCI-scheduled PDSCH can have higher priority over periodic uplink transmissions such as periodic SRS, CSI, SPS PUSCH. Otherwise, a UE prioritize uplink transmission over downlink reception.
3.3 TDD Handing in case of R > 1 in CE mode A

In TDD, in case of repetition number for PUCCH is greater than 1, the number of parallel HARQ processes not to have any collision needs some consideration. For example, as shown in Figure 1, if multiple PDSCHs are scheduled, it is possible to have some PUCCH and PUCCH collision among multiple PUCCH repetitions between first and second HARQ process. Since the collision occurs in the middle of repetition, it becomes very challenging to handle the collision as ACK-NACK bundling is not easily feasible. 
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Figure 1. Example of TDD PUCCH Collision
As shown in Figure 1, if the network schedules downlink transmissions continuously based on case 2, PUCCH transmission corresponding to second PDSCH and third PDSCH (purple and grey) can collide at one of uplink subframe. Since the collision occurs in the middle of first PUCCH transmission, A/N bundling is not possible. To avoid this potential collision, as shown in Figure 1, the network needs to avoid any scheduling which may lead PUCCH-PUCCH collision. This will restrict scheduling flexibility and also limit the use of multiple HARQ processes. 
One way to consider is to redefine HARQ-ACK timing of PDSCH in TDD depending on the number of repetition used by PUCCH. For example, in repetition R = 1, legacy TDD timing can be assumed. When PUCCH repetition is 2, timing relationship can be reformed based on the number of uplink subframes per radio frame. For example, in TDD DL/UL configuration 1, since there are two UL subframes in every 5msec, when R = 2, HARQ-ACK timing is defined per two UL subframes rather than per each UL subframe. One example is shown in Table 1.  

Table 1. Example of corresponding end subframe of PDSCH at subframe n (n-k) for PUCCH (R=2)
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	Conf 0
	
	
	(6,7)
	Repetition of SF 2
	Not used
	
	
	(6,7)
	Repetition of SF 6
	Not used

	Conf 1
	
	
	(4, 7, 8)
	Repetition of SF 2
	
	
	
	(4, 7, 8)
	Repetition of SF 6
	

	Conf 2
	
	
	(6,7,8,9, 11,12,13,14)
	
	
	
	
	Repetition of SF 2
	
	


For configuration 5, the timing can be expanded to 2 radio frames. Though it’s not clear whether configuration 5 needs to be supported. 
Alternative approach is to allow potential PUCCH-PUCCH collision where the later PUCCH transmission may have higher priority. In that way, the network can still transmit downlink data in any subframes without too much restriction. 

Proposal 4: Consider allowing PUCCH-PUCCH collision in TDD case (and its associated handling) or adopt a new timing at least for the case of R = 2 for PUCCH repetition.  

4 Conclusions
This contribution discussed and we have the following proposals.

Proposal 1. New UE category (at least for DL) is introduced for Rel-13 Low Complexity UE. 
Proposal 2: The priority handling among downlink receptions would be as the followings

· DCI-scheduled PDSCH has higher priority over SPS PDSCH in case of overlap. 

· Unicast (M-PDCCH and PDSCH) has higher priority over broadcast data except for paging and RAR.

· For paging (CMAS, ETWS supported UE), paging has highest priority

· RAR has higher priority over unicast 

· When unicast PDSCHs overlap in frequency, a UE is allowed to assume the later PDSCH (based on starting time) has higher priority.
. 

Proposal 3: In HD-FDD, for flexible network operation, DCI-scheduled PDSCH can have higher priority over periodic uplink transmissions such as periodic SRS, CSI, SPS PUSCH. Otherwise, a UE prioritize uplink transmission over downlink reception.

Proposal 4: Consider allowing PUCCH-PUCCH collision in TDD case (and its associated handling) or adopt a new timing at least for the case of R = 2 for PUCCH repetition. 
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