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1
Introduction
In RAN1 #80bis, the followings which are related to PDSCH transmission for MTC UE have been agreed as a progress and captured in RAN1 chairman’s note [1]:
Agreements:
· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location

· FFS: Which Option to select may depend on amount of required coverage enhancement

· It means one or two option(s) in total

· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

· Value of k is:

· Option 1: k is fixed

· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH

· RAN1 will select a single value of k after receiving RAN4 input on retuning time

· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH

· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)

· Option 2: k is variable

· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used

· FFS: Which Option to select may depend on amount of required coverage enhancement

Agreements:
· For a Rel-13 low complexity UE not operating coverage enhancements:
· Multiplexing of ‘Physical downlink control channel for MTC’ and un-associated PDSCH in the same subframe to the same UE is supported.

· When the UE is not required to retune to other narrowband region due to monitoring of PSS/SSS, PBCH, SIB, paging occasion, etc.,

· In FD-FDD, the UE can receive PDSCH and transmit PUSCH in every subframe.

· In TDD, the UE can either receive PDSCH or transmit PUSCH in every subframe.

· In HD-FDD, the UE can either receive PDSCH or transmit PUSCH in most subframes (i.e. more than half of the subframes).

In this contribution, we discuss on the remaining issues on PDSCH for MTC UE.
2
Remaining Issues on PDSCH
It has been agreed to support a cross-subframe channel estimation for a PDSCH transmission when a repetition is used for the coverage enhancement purpose. Furthermore, a frequency hopping of the reduced bandwidth within a system bandwidth across subframes is also supported since it can increase the frequency diversity gain. 
The cross-subframe channel estimation may not be applicable for normal coverage case since a precoder could be changed from a subframe to another and the gain from the cross-subframe channel estimation could be limited as well in relatively high SNR region. However, the frequency hopping could be beneficial for normal coverage case as well since it can provide frequency diversity gain for HARQ retransmission cases. For example, the soft combining of the first and second transmissions at the HARQ buffer may achieve the frequency diversity gain given that the time diversity gain is limited in low mobility case. Although the subband indication in DCI has been agreed for frequency selective scheduling, a predefined hopping pattern may be used as well to avoid unnecessary indication in the DCI if the link adaptation is based on open-loop mode of operation where long-term CSI is only applicable.

Proposal-1: predefined frequency hopping pattern is supported for MTC UEs in normal coverage as well
The cross-subframe scheduling has been agreed for normal coverage case as well as enhanced coverage in order to relax processing time for the DL control channel. Therefore, if a UE receives a DL control channel in a subframe n, the associated PDSCH is expected to be in the subframe n+k as far as the subframe n+k is available for PDSCH transmission. In case that the subframe n+k is not available for PDSCH transmission due to MBSFN subframe for PMCH or uplink subframe, a simple approach could be that eNB scheduler avoids PDSCH scheduling in those subframes. However, this approach doesn’t seem to be efficient as there could be some scheduling restrictions for PDSCH transmission. Therefore, as similar to TDD A/N timing, the associated PDSCH may be located in the next available subframe after the subframe n+k-1 which may be applicable for TDD and HD-FDD cases.

Proposal-2: the next available subframe is used for the associated PDSCH transmission if the subframe n+k is not available.

So far, the HARQ-ACK reporting timing has been based on the subframe in which a UE received the associated DL control channel for a PDSCH reception, which may result in a shorter processing time for the PDSCH decoding since the associated DL control channel will be transmitted earlier than the corresponding PDSCH. Therefore, for the cross-subframe scheduling case, it seems to be appropriate that the reference subframe for HARQ-ACK reporting may be based on the subframe in which the PDSCH is received which may provide enough time to decode the PDSCH for the HARQ-ACK reporting. Since a separate PUCCH resource will be used for the MTC UE due to its bandwidth limited capability, there won’t be PUCCH resource collision with legacy UE even though the reference subframe is changed for HARQ-ACK reporting. Thus, the same ACK/NACK resource allocation can be reused which is based on the first (E)CCE number.
Proposal-3: the HARQ-ACK timing is based on the subframe in which the PDSCH is received 
It has been agreed that the UE-specific search space is located in a subset of subframe for monitoring in enhanced coverage mode and the subframe containing assigned PDSCH is not started before the repetition of downlink control channel finished. Given that the delay tolerant services are supported in the coverage enhanced mode operation and the energy saving is a design consideration, a window based transmission may be used from a UE perspective and window length may be defined according to the CE level.
In a window based transmission, non-overlapped time windows could be used for EPDCCH, PDSCH, and A/N transmissions as shown in the figure 1, which may simplify the UE implementations and reduces battery consumptions by reducing UE active time as well.
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Figure 1. an example of window based transmission for PDSCH transmission in CE mode 
Proposal-4: a window-based transmission is used for a PDSCH transmission in CE mode

3
Conclusion
In this contribution, we discussed on the remaining issues on PDSCH for MTC UE in normal and enhancement coverage cases. From the discussions, we propose followings:
Proposal-1: predefined frequency hopping pattern is supported for MTC UEs in normal coverage as well

Proposal-2: the next available subframe is used for the associated PDSCH transmission if the subframe n+k is not available.

Proposal-3: the HARQ-ACK timing is based on the subframe in which the PDSCH is received 

Proposal-4: a window-based transmission is used for a PDSCH transmission in CE mode
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