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1 Introduction

At the RAN1 #80bis meeting, RAN1 made the following agreements regarding PUCCH support for Low Complexity (LC) MTC UEs with reduced bandwidth support [1]:
· A set of DL and UL narrow-band(s) are known to UE
· Definition of narrow-band(s) is specified in the spec
· FFS details of a definition of narrow-band(s)
· FFS on how to UE knows available narrow-band(s) for MTC UEs
· One narrow-band size is 6PRB
· FFS on other narrow-band size(s)
· PRBs in a narrow-band are aligned with legacy PRB mapping
· Frequency hopping over the system bandwidth is not used for at least
· PSS/SSS
· PBCH
· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)
· Hopping pattern between narrow-bands is supported
· FFS on details of hopping pattern
On M-PDCCH to PDSCH timing, RAN1 made the following agreements [1]:

· 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
Additionally, RAN1 also made the following agreements on timing relationships between physical channels for MTC [1]:

· 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 share our views on the remaining details of narrowband operation for LC MTC with reduced BW support and on some aspects of timing relationships for physical channels for MTC devices. Our views on measurement and retuning gaps needed for LC MTC UEs with reduced BW coverage are presented in [2].
2 Remaining details of narrowband configuration
As already agreed, a set of DL and UL narrowbands are made known to the UE. To simplify the system operation, it only non-overlapping narrowbands can be defined within the larger system BW. Accordingly, the possible set of narrowbands can be defined in the specifications as a function of the system BW. The exact set of configured (available) narrowbands on the DL and UL can be signaled to the UE using the MTC SIBs. Note that it was agreed at the RAN1 #80bis meeting that the narrowband location carrying the MTC SIB1 is indicated to the UE using a combination that may include indication in the MIB, pre-defined rules, and as a function of the PCID. Further, DL and UL narrowbands should be signaled independent of each other as loading conditions and resource availability may in general be different on the DL and the UL.

While hopping between configured narrowbands can be supported, another more efficient signaling mechanism may be to define the narrowbands in the logical domain such that frequency hopping is implicitly considered in the narrowband definition. Specifically, the narrowband is defined such that it occupies a certain set of contiguous 6 PRBs for a certain number of subframes or radio frames and then switches to another set of contiguous 6 PRBs within the larger system BW, with the retuning time for such carrier frequency switching being taken into account. Thus, the logical MTC region can be further divided into N physical MTC sub-regions that are non-overlapping in time and frequency. Here, N denotes the level of frequency hopping applied. Especially considering application of frequency hopping of common control messages like MTC SIBs, it may be simple to assign these transmissions to logically defined narrowbands that implicitly incorporate frequency hopping. Accordingly, additional configuration of the frequency hopping pattern can be avoided which can be beneficial considering the need to minimize resource allocation related signaling especially for MTC SIBs.
Also, it should suffice to only limit the MTC narrowband definition to only comprise of 6 contiguous PRBs without a significant impact to system-level operation.

Proposal 1

· A non-overlapping set of DL and UL MTC narrowbands are defined in the specifications as a function of the system BW.
· The available DL and UL MTC narrowbands can be signaled to the UE using the MTC SIBs.
· The DL and UL MTC narrowbands should be signaled independent of each other.

Proposal 2

· The DL and UL MTC narrowbands can be defined in the logical domain such that frequency hopping is implicitly considered in the narrowband definition. 

· Specifically, the narrowband is defined such that it occupies a certain set of contiguous 6 PRBs for a certain number of subframes or radio frames and then switches to another set of contiguous 6 PRBs within the larger system BW, with the retuning time for such carrier frequency switching being taken into account.

Proposal 3

· Limit the MTC narrowband definition to only comprise of a single size of 6 contiguous PRBs.
3 Time Domain configuration of MTC resources
In the time-domain, all available DL/UL subframes may not be made available for MTC operations. Accordingly, we illustrate one such example in Fig. 1 below. The LC MTC UE may receive the DL signal/data or transmit the UL signal/data within the MTC occasion (e.g. in some subframes, there may be no data thus it can be empty). Therefore, MTC occasion could play a role to define the potential region for DL/UL scheduling. Thus, the configuration can contain at least periodicity and/or subframe offset for MTC region. The subframes for MTC purpose can be repeated (either in consecutive subframes or in non-consecutive subframes for FDD, TDD, and HD-FDD) (or it can be defined in consecutive available DL subframes for TDD or HD-FDD) within each MTC occasion. 
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Fig. 1. An example of signaling the MTC resources in the time domain
Note that a bitmap may be further defined for the subframe index allocated for MTC region. In particular, this bitmap can be defined within the MTC occasion. 
Proposal 4
· Available MTC resources in time domain may be indicated using a combination of a bitmap-based signaling, together with configurations for MTC occasion and periodicity.
4 DL HARQ timing for HD-FDD UEs
For FD-FDD UEs, the currently specified DL HARQ timing and UE behavior can be applied for the case of PDSCH scheduled by EPDCCH with cross-subframe scheduling with modification that the timing relationship (time gap of 4ms for FDD) is defined between the last subframe of the PDSCH transmission and the first subframe of the HARQ-ACK transmission on the UL. However, for HD-FDD UEs, when cross-subframe scheduling using EPDCCH is employed for HD-FDD UEs, HARQ timing relationship for the support of HD-FDD operation needs to be updated.
Three alternatives for the HARQ timing are described next. 
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Fig. 2. Alt. 1: HARQ procedure for EDPCCH with cross-subframe scheduling for HD-FDD operation

Fig. 2 illustrates one example of HARQ procedure for EPDCCH with cross-subframe scheduling for the support of HD-FDD operation. Here, it can be seen that for HARQ process #0, EPDCCH is transmitted in SF#0 and corresponding PDSCH is transmitted in SF#1. ACK/NACK feedback is transmitted in SF#4 either on PUCCH or PUSCH. If NACK is received by eNB, EPDCCH which is used to schedule the retransmission can be transmitted in SF#8 while the corresponding PDSCH retransmission is transmitted in SF#9. The design principle can be applied for HARQ process #1. Note that in the Fig. 2, 1ms Tx/Rx switching gap time is inserted in SF#3 and SF#6 or SF#7. 

According to the design principle, the maximum number of HARQ processes for EPDCCH with cross-subframe scheduling can be defined as 2.
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Fig. 3. Alt. 2: HARQ procedure for EDPCCH with cross-subframe scheduling for HD-FDD operation
Fig. 3 illustrates another example of HARQ procedure for EPDCCH with cross-subframe scheduling for the support of HD-FDD operation. In the Figure 2, the gap between initial transmission and ACK/NACK feedback is same as the one as shown in the Fig. 2. However, the gap between the ACK/NACK feedback and EPDCCH used to schedule the PDSCH is 2ms. This can help to reduce the HARQ round trip time (RTT) from 9ms from the above example to 8ms. 

Similarly, the maximum number of HARQ processes for EPDCCH with cross-subframe scheduling can be defined as 2.
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Fig. 4. Alt. 3: HARQ procedure for EDPCCH with cross-subframe scheduling for HD-FDD operation

Fig. 4 illustrates another example of HARQ procedure for EPDCCH with cross-subframe scheduling for the support of HD-FDD operation. In this figure, the gap between EPDCCH used to schedule the initial transmission and ACK/NACK feedback is 5ms. Further, the gap between the ACK/NACK feedback and EPDCCH used to schedule the retransmission is 4ms. This indicates that the HARQ RTT in this example is 9ms. 

It should be noted that in this example, the maximum number of HARQ processes for EPDCCH with cross-subframe scheduling can be defined as 3. 
Similar to the case of FD-FDD UEs, Alt. 3 can be seen as essentially equivalent to the existing timing relationship for DL HARQ with the modification that the time gaps of 4ms are defined between the subframe carrying the PDSCH (instead of the EPDCCH) in the DL and the subframe carrying ACK/NACK in the UL and between the ACK/NACK in the UL and the EPDCCH scheduling the retransmission in the DL. Note that the same mechanism can be applied even in enhanced coverage with repetitions with the timing relationships being defined between the last subframe of the previous transmission and the first subframe of the corresponding “response”.

Proposal 5
· For FD-FDD and HD-FDD MTC UEs with cross-subframe scheduling, a time gap between the last subframe of the scheduled PDSCH and the first subframe of the HARQ-ACK transmission of 4 subframes is maintained. Similarly, a time gap of 4 subframes between the last subframe of the HARQ-ACK feedback and the first subframe of the EPDCCH used to schedule the retransmission is sufficient. 
When repetition is applied for data and control physical channels, careful consideration is needed with regard to the M-PDCCH scheduling. As HARQ operation is supported for both DL and UL transmission, potential issues may arise when multiple PDSCH transmissions are scheduled for a MTC UE in enhanced coverage mode during the transmission of bundled M-PDCCH and PDSCH. In this case, multiple PUCCH transmissions for ACK/NACK feedbacks corresponding to different PDSCHs may overlap in the same subframe. Fig. 5 illustrates the potential PUCCH overlaps when multiple PDSCH transmissions are scheduled. This would not be desirable due to Cubic Metric (CM) increase, which would be critical for low cost MTC devices especially in the enhanced coverage mode with link budget limit. To address this issue, one potential solution is to prohibit the eNB from scheduling multiple M-PDCCHs for a MTC UE in enhanced coverage mode during the transmission of bundled M-PDCCH and PDSCH. Similarly, for UL transmission, next PUSCH opportunity should be defined after the transmission of repeated PUSCH to avoid the simultaneous transmission of multiple PUSCHs in one subframe. 
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Fig. 5. Potential PUCCH overlapping for multiple M-PDCCH scheduling

Proposal 6
· The eNB shall not schedule PDSCH/PUSCH in the same subframe when another PDSCH/PUSCH is being transmitted for the same MTC UE in enhanced coverage.
5 Conclusion

In this contribution, we provided our views on the remaining details of narrowband operation for LC MTC with reduced BW support and on some aspects of timing relationships for physical channels for MTC devices. Based on the discussion presented, we summarize our views through the following observation and proposals:
Proposal 1

· A non-overlapping set of DL and UL MTC narrowbands are defined in the specifications as a function of the system BW.
· The available DL and UL MTC narrowbands can be signaled to the UE using the MTC SIBs.

· The DL and UL MTC narrowbands should be signaled independent of each other.

Proposal 2

· The DL and UL MTC narrowbands can be defined in the logical domain such that frequency hopping is implicitly considered in the narrowband definition. 

· Specifically, the narrowband is defined such that it occupies a certain set of contiguous 6 PRBs for a certain number of subframes or radio frames and then switches to another set of contiguous 6 PRBs within the larger system BW, with the retuning time for such carrier frequency switching being taken into account.

Proposal 3

· Limit the MTC narrowband definition to only comprise of a single size of 6 contiguous PRBs.
Proposal 4

· Available MTC resources in time domain may be indicated using a combination of a bitmap-based signaling, together with configurations for MTC occasion and periodicity.
Proposal 5

· For FD-FDD and HD-FDD MTC UEs with cross-subframe scheduling, a time gap between the last subframe of the scheduled PDSCH and the first subframe of the HARQ-ACK transmission of 4 subframes is maintained. Similarly, a time gap of 4 subframes between the last subframe of the HARQ-ACK feedback and the first subframe of the EPDCCH used to schedule the retransmission is sufficient. 

Proposal 6
· The eNB shall not schedule PDSCH/PUSCH in the same subframe when another PDSCH/PUSCH is being transmitted for the same MTC UE in enhanced coverage.
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