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1 Introduction

Cross-subframe scheduling for MTC transmission has been widely discussed since Release 12. In Release 13 MTC, there are following agreements made from RAN1#79 and RAN1#80 meetings respectively[1], 
· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported at least for Rel-13 UE supporting enhanced coverage.
· For Rel-13 low complexity MTC UEs:

At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported for normal coverage.
This contribution provides analysis on the usage of cross-subframe scheduling considering MTC service feature, and gives our view of that for the design of MTC transmission. For simplicity, it is basically for analysis of unicast PDSCH transmission and the ‘Physical downlink control channel for MTC’ is replaced by EPDCCH unless specially specified.
2 Cross-subframe scheduling for MTC services
Cross-subframe scheduling was initially proposed for R12 MTC because of the coverage enhancement (CE) objective. With repetition of EPDCCH which is a baseline technology for achieving enhanced coverage, a UE would have to suffer a delay to start the associated PDSCH because of the increased decoding time of possible large amount of control information. Thus, for UEs in CE by using repetition, cross-subframe scheduling is required to be supported. However it has not yet been carefully considered how the system would be impacted when various types of UEs in different coverage situations are operating MTC services within the same network. 
The possible cases of UEs operating MTC service can be divided as follows.
Case 1: R13 low-complexity MTC UEs in limited coverage or normal coverage
· Cross-subframe scheduling is agreed to be supported

Case 2: R13 normal UEs operating MTC application in limited coverage or normal coverage
Among the above, case 1 is the scenarios with the highest priority, and cross-subframe scheduling is agreed to be supported. As for case 2, the normal UEs operating MTC are referred to as normal complexity UEs and/or other UEs in the WID [1] and should be allowed in the network. More important, MTC transmission with cross-subframe scheduling for the complicated but inevitable cases of mixed scenarios should be optimized because of Fig 1. 
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Fig 1. Examples of cross-subframe scheduling of mixed scenarios among different types of UEs in different coverage requirements
3 Design principle for cross-subframe scheduling
The objectives of R13 MTC are to specify a new Rel-13 low complexity UE category/type, provide coverage improvement for these and other UEs mimicking, and achieve power consumption reduction for MTC transmission. One of the update from the revised WID is agreed in RANP#67 meeting as given below,
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. Basically the coverage enhancement solutions should be the same for the new low complexity UE category/type and for other UEs, however if a divergence cannot be avoided, the specification work for the new low complexity UE category/type should be given higher priority. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.
Based on the updated WID, service features with identified objectives above, and the agreements we already have, there should be further principles and optimizations for cross-subframe scheduling across several cases for machine type commutation in an elegant and efficient way. The analysis and associated impacts taken the above into account are given in this section.
3.1 Normal UEs targeting CE

Coverage enhancement is an important feature and objective. One reason we should use cross-subframe scheduling is that it is required for a low-complexity UE to decode possible hundred times of control channels when repetition is used. For other UEs mimicking the new low-complexity UE in limited coverage, this issue still exists and more decoding time should be guaranteed even the UEs have higher processing capability. Thus, cross-subframe scheduling for case 2 should be applied also.
To support cross-subframe scheduling for both R13 low-complexity UEs and normal UEs with CE is aligned with the motivation of a high commonality design for CE technique. If not supported, MTC operations with CE for all other types of UEs would be impacted, which would severely limit the scope of MTC application. So we propose:
Proposal 1: Cross-subframe scheduling should be supported for normal R13 UEs supporting enhanced coverage.

3.2 UE and scheduling complexity reduction
To support cross-subframe scheduling for R13 low-complexity UEs in normal coverage is also in line with the motivation of a high commonality design for MTC operation. Another reason that it is attractive is because MTC operation can be basically delay-tolerant service. For a low-complexity UE operating MTC, it may not be a problem in general to always start associated unicast PDSCH after the subframe carrying scheduling information even in normal coverage.
On the other hand, if a low-complexity UE supports normal scheduling mechanism as well, the cases would become complicated, i.e. scheduling PDSCH in the same subframe carrying EPDCCH in some time in normal coverage, and in a delayed subframe in other time in normal coverage and all cases in enhanced coverage. This is not preferred from complexity reduction perspective of both UE processing and eNB scheduling, and will need further standard efforts to specify when and how a UE knows whether it is delay scheduled. We have
Observation 1: It is beneficial for R13 low-complexity MTC UE to only support cross-subframe scheduling. This does not preclude having PDSCH and physical DL control channel for MTC in the same subframe if they are for different MTC UEs.
Within case 2 when a normal UE is operating MTC service, it shall not be mimicking the low-complexity UE to reduce its default processing complexity. As WID stated, these kinds of transmission usually occur for “other UEs operating delay tolerant MTC applications”. So basically to support cross-subframe scheduling for this case should not be problematic regardless its coverage situation.
Proposal 2: It can be considered for normal R13 UE operating MTC application to support cross-subframe scheduling in normal coverage.

3.3 Support of a large population of MTC devices
There may be a huge number of MTC connections due to its promising features and extensive application scenarios in future network. Capacity issue should also be taken into account, especially considering that only 6 PRBs are supported for one MTC UE. Support of cross-subframe scheduling can release some resource for more UEs multiplexing in the same subframe. The network will benefit more when there are low-complexity UEs requiring different CEs and UEs in normal coverage also support cross-subframe scheduling.
An issue associated with capacity limit and cross-subframe scheduling is cross-narrowband scheduling across multiple narrowbands, i.e. the available 6-PRB sets within the system bandwidth. The number and locations of available narrowbands can vary with time. As the control information for different UEs can be mixed in the same narrowband, the associated PDSCHs transmission will occur simultaneously according to the timing relation. From spectrum efficiency perspective, cross-narrowband scheduling should be supported and is beneficial for reducing repetition numbers which is critical for power consumption saving, as the example shown in Fig 2. Therefore we propose
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Fig 2. Cross-narrowband scheduling can be used for reducing repetition times
Proposal 3: Cross-narrowband scheduling should be supported at least for low-complexity MTC UEs supporting enhanced coverage.
4 Conclusions
In this contribution we provide further considerations on the usage of cross-subframe scheduling. The feature and objectives of MTC application are taken into account and there are following proposals and an observation are given
Proposal 1: Cross-subframe scheduling should be supported for normal R13 UEs supporting enhanced coverage.

Proposal 2: It can be considered for normal R13 UE operating MTC application to support cross-subframe scheduling in normal coverage.

Proposal 3: Cross-narrowband scheduling should be supported at least for low-complexity MTC UEs supporting enhanced coverage.

Observation 1: It is beneficial for R13 low-complexity MTC UE to only support cross-subframe scheduling. This does not preclude having PDSCH and physical DL control channel for MTC in the same subframe if they are for different MTC UEs.
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