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Discussion and Decision
1
Introduction
It was agreed in [1] that one of the objectives of Rel.13 MTC is to specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities, 
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.
Based on these objectives, we give our analysis on physical layer control signalling transmission for MTC UE scheduling, the timing relationship of (E)PDCCH and PDSCH, the compact DCI and also the PUCCH transmission for MTC UEs.  
2
Discussion
Rel.13 MTC UEs can only receive 6 consecutive PRBs due to the restricted RF bandwidth. In this case, MTC UEs cannot receive PDCCH for the PDSCH scheduling in system bandwidth larger than 1.4MHz, since PDCCH are interleaved and spread in the whole system bandwidth. One option to handle this is to design a new bandwidth restricted mapping rule of PDCCH, targeting for scheduling MTC UEs, but apparently much standard effort is needed for such kind of design. A more feasible solution is that eNB rely on EPDCCH for the scheduling. Some modifications of current EPDCCH may be needed, e.g., to enable common search space to be transmitted through EPDCCH.
Observation1: EPDCCH structure is more suitable to be used for Rel.13 MTC scheduling.
Timing relationship of (E)PDCCH and PDSCH
The other issue is that for the coverage enhancement MTC UEs, the timing relationship of the (E)PDCCH and the corresponding scheduled PDSCH needs to be defined. There are three options for such timing, 

· Option1: The starting subframe of (E)PDCCH and the scheduled PDSCH are transmitted in the same subframe. Same or different repetition times can be used for the control signalling and the scheduled PDSCH. 
· Option2: The scheduled PDSCH can start to be transmitted before end of (E)PDCCH repetitions.
· Option3: The scheduled PDSCH is transmitted after the transmission of the (E)PDCCH. 
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Fig.1 Options of timing relationship of the scheduled PDSCH and the control signaling
Fig.1 shows one example of the time relation of each option. Comparatively, opt.1 can achieve the lowest decoding latency but the largest buffer size (and correspondingly highest cost) is needed to store all the transmitted data packets within the 6PRBs from the starting subframe. For MTC UEs with very poor channel conditions (e.g., smart metering inside the building), the (E)PDCCH may need to be repeated many times in order to meet the coverage requirement, therefore the required buffer size in this scenario may be very large. Option3 does not need such kind of buffer if PDSCH is transmitted from eNB taking into account the time needed for (E)PDCCH decoding, but the latency and maybe the corresponding power consumption is highest. Option 2 has relatively moderate decoding latency and also moderate buffer size. In short, which timing relationship to be supported should take the resulted cost, latency and also the power consumption into account.
Observation2: The timing relationship between (E)PDCCH and the related PDSCH shall take the resulted cost, the decoding latency and also the power consumption into account.
Compact DCI size

(E)PDCCH repetition times can be reduced by having more compact DCI size. For coverage enhancement MTC UEs, some information in current DCI may not be necessary, for example, lowest modulation order may be always used, then the MCS indication is not needed. Besides, HARQ process number can be even reduced to be 1 for coverage enhancement MTC UEs thus no need to have HARQ process number in the DCI. It is FFS of which items in current DCIs can be removed. 
Proposal1: More compact DCI can reduce the (E)PDCCH repetition times. It is FFS on which items can be removed. 
PUCCH transmission
PUCCH carry SR, ACK/NACK and CSI feedback. For Rel.13 MTC UEs with 1.4MHz DL/UL bandwidth, the PUCCH need to be transmitted in each UL bandwidth unit. It is preferred in general to reuse the current PUCCH design principles for MTC PUCCH design as much as possible to reduce the standard impact.

For CSI feedback, in current specifications, CSI feedback for 1.4MHz system bandwidth supports wideband CQI only (mode1-0 without PMI and mode 1-1 with PMI). CSI feedback for normal Rel.13 MTC UEs can consider reusing such modes. It can also be considered for normal MTC UEs whether to support feedback CSI of multiple 1.4MHz units, in order to have eNB adaptively allocate suitable bandwidth unit to MTC UEs. On the other hand, for coverage enhancement MTC UEs, it seems the CQI feedback is not necessary, since lowest CQI index would be always assumed if following current CQI calculation process.
For SR transmission, UE in connected mode send SR for UL transmission if SR resources are configured. Otherwise UE will rely on contention based random access procedure to request UL grant. With large number of MTC UEs in the network, contention based RA may have high probability of collision. Besides, the RA procedure may require large signalling overhead for coverage enhancement UEs. 
For ACK/NACK transmission, there were a lot of discussions on whether to remove ACK/NACK feedback during Rel.12 study. One alternative is to rely on RLC layer ARQ. Currently RLC layer ARQ is only triggered after maximum retransmissions are reached. For coverage enhancement MTC UEs, a new scheme has to be designed for RLC layer HARQ. 
Proposal2: PUCCH design for Rel.13 MTC UEs should be in general reuse current PUCCH design as much as possible. For coverage enhancement UEs, CQI feedback is not needed. It is FFS whether ACK/NACK and SR are necessary to be transmitted.
3
Conclusion

In this contribution, we have the following proposals and observation, 

Observation1: EPDCCH structure is more suitable to be used for Rel.13 MTC scheduling.
Observation2: The timing relationship between (E)PDCCH and the related PDSCH shall take the resulted cost, the decoding latency and also the power consumption into account.

Proposal1: More compact DCI can reduce the (E)PDCCH repetition times. It is FFS on which items can be removed.
Proposal2: PUCCH design for Rel.13 MTC UEs should be in general reuse current PUCCH design as much as possible. For coverage enhancement UEs, CQI feedback is not needed. It is FFS whether ACK/NACK and SR are necessary to be transmitted.
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