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1 Introduction

At the RAN1 #81 meeting, RAN1 made the following agreements on frequency hopping for MTC SIB1 and other physical channels [1]:

· Confirm working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz.

· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.

· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.

· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 

· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).

· YCH (frequency hopping granularity) is either predetermined or semi-statically configured (i.e., not dynamically indicated)

· FFS whether a single YCH value or multiple values are supported (e.g., for different coverage levels, for different channels, etc.)

· A cell-specific value of YCH is applicable at least for paging and RAR transmissions at least for the case when the repetition number is greater than the cell-specific value YCH
· FFS on paging and RAR with the repetition number is equal or smaller than YCH 

· FFS on other transmissions

On M-PDCCH to PDSCH timing relationship and dynamic frequency selective scheduling, RAN1 made the following agreements [2]:
· Confirm the following revised working assumption at RAN1#80bis meeting

· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,

· Case 1:

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 
· FFS: Details on resource allocation field in DCI 
· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs
· CSI measurements can be restricted to a subset of the available  narrow-bands
· FFS: details
· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband
· This doesn’t preclude predefined frequency hopping
· Value of k in Case 1 is:
· k>=2

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

· Company should investigate impact on UE complexity of M-PDCCH decoding (R1-153082).

· When k > 2, RTT may need to be modified.

· Value of k in Case 2 is:
· k=1
· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
Further, it was agreed as a working assumption that:

· Same-subframe scheduling for PDSCH (i.e., the one associated with an M-PDCCH in the same subframe) for LC-MTC UEs is NOT supported

· Can revisit if significant issues are found especially regarding the number of HARQ processes
RAN1 also agreed to update the previous working assumption on the concept of valid subframes with the following [1]:

· The working assumption regarding valid SF made in RAN1#81 is cancelled, and the following is agreed:

· The set of subframes to be used for downlink transmissions can be explicitly and cell-specifically signalled by the eNB by MTC-SIB1 (from RAN1 perspective) 

· If the explicit signaling is not present, a default operation is defined by RAN1 

· FFS the details for the default operation

· FFS the number of bits for the explicit signaling

· FFS how to handle MTC-SIB1

· FFS for the uplink case

· FFS how to handle some cases related to UE-specific subframe unavailability

In this contribution, we share our views on the some of the remaining details of time-frequency relationships for physical channels for LC MTC UEs with reduced BW support and MTC UEs in enhanced coverage.
2 Frequency hopping for physical channels
For RAR and paging transmissions with repetitions larger than YCH, it was agreed to support a single cell-specific value of YCH. When the number of repetitions is less than YCH, then it was proposed to consider schemes like YCH = R/2 where R is the number of repetitions. While such schemes aim to realize the benefits of frequency diversity even for small number of repetitions, care must be taken to ensure that such application of a different frequency hopping pattern does not conflict with the cell-specific hopping pattern (or alternatively, cause resource wastage due to reservation of resources to accommodate different frequency hopping patterns), especially if RAR and paging transmissions targeting UEs in different coverage conditions are multiplexed in the same narrowband or not.  
In this regard, it may be reasonable to consider RAR and paging cases separately. For instance, RAR transmissions (including both the scheduling M-PDCCH and the PDSCH carrying the RAR message itself) to UEs in different EC levels may be mapped to different narrowbands based on their respective PRACH preamble resource set and repetition level. For such cases, it may be possible to avoid collisions between RAR transmissions to UEs requiring greater than YCH repetitions and to those requiring smaller number of repetitions with relative ease. Consequently, for allocation of RAR narrowbands based on EC levels, it should be possible to define frequency hopping at a different hopping granularity compared to YCH, and for UEs with repetitions, R, less than YCH, the frequency hopping granularity can be defined as Y’CH = R/2.
However, for paging record scheduling and transmission, different UEs may be addressed on different narrowbands depending on their UE-ID and paging would be transmitted targeting the maximum MCL supported in the cell. For such cases, it may be simpler to consider frequency hopping at a single value of the hopping granularity of YCH. In other words, the paging narrowbands can be defined in the logical domain as “virtual narrowbands” such that frequency hopping at rate YCH is implicitly considered in the narrowband definition. Hence, for UEs that may need repetition number smaller than YCH, no frequency hopping would be realized by the time they acquire the M-PDCCH or the PDSCH carrying the paging record. Assuming that the value of YCH is not expected to be very large, the impact from such simplification may not be significant to the overall performance and acquisition time of the paging messages.
Proposal 1:
· For RAR transmissions, if UEs in different EC levels monitor different narrowbands, then for UEs requiring number of repetitions R that is less than YCH, frequency hopping may be applied at rate R/2.
· For paging transmissions, frequency hopping is applied using a single value of YCH realized by defining narrowbands logically that incorporate frequency hopping implicitly at the rate of YCH. 
3 Dynamic frequency selective scheduling for PDSCH

In the previous Section we considered an example of the “Case 2” identified as a form of PDSCH scheduling wherein the UE may assume that the PDSCH is scheduled on a known narrowband. Hence, for this case, the UE may initiate the retuning process at the boundary of frequency hopping to receive PDSCH without having to obtain this information from the DCI transmitted using the M-PDCCH. However, this scheme can be seen as a frequency diversity scheme in contrast to a frequency selective scheduling scheme that is defined by “Case 1”.  

For Case 1, the eNodeB can dynamically indicate the frequency location for a PDSCH transmission that may be different from the scheduling M-PDCCH. Thus, as explained in [3], for this case, a UE would be required to decode the M-PDCCH and obtain the knowledge of the narrowband to retune to for PDSCH reception. Hence, unlike the case of PDSCH on the same narrowband as the scheduling M-PDCCH or on a known narrowband, the UE may not be able to buffer the PDSCH and decode it in a pipe-line manner following the decoding of the M-PDCCH. Instead, it would require to decode the M-PDCCH first, determine the narrowband to and retune to the corresponding narrowband, all in time to receive the PDSCH. Hence, for a k value of 2, implementation of fast receiver processing would be necessary, thereby increasing the UE complexity. 

To provide sufficient time for the UE to decode the M-PDCCH, since the UE retuning time is no more than 2 symbols, k = 2 can be sufficient for the time-gap between the scheduling M-PDCCH and the associated PDSCH transmission. This can also avoid the need to update the RTT value for PDSCH transmissions.
Proposal 2:

· For dynamic frequency selective scheduling of PDSCH, the M-PDCCH in subframe ‘n’ schedules a PDSCH in subframe ‘n+2’ and the HARQ-ACK corresponding to the PDSCH transmission is due in UL subframe ‘n+6’. 
4 DL HARQ timing for UEs in enhanced coverage
For FD-FDD UEs, the currently specified DL HARQ timing and UE behavior can be applied for the case of PDSCH scheduled by M-PDCCH 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 considered.
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 3:
· 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 M-PDCCH 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 4:
· 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 share our views on the some of the remaining details of time-frequency relationships for physical channels for LC MTC UEs with reduced BW support and MTC UEs in enhanced coverage. Based on the discussion presented, we summarize our views through the following observation and proposals:
Proposal 1:
· For RAR transmissions, if UEs in different EC levels monitor different narrowbands, then for UEs requiring number of repetitions R that is less than YCH, frequency hopping may be applied at rate R/2.
· For paging transmissions, frequency hopping is applied using a single value of YCH realized by defining narrowbands logically that incorporate frequency hopping implicitly at the rate of YCH. 
Proposal 2:

· For dynamic frequency selective scheduling of PDSCH, the M-PDCCH in subframe ‘n’ schedules a PDSCH in subframe ‘n+2’ and the HARQ-ACK corresponding to the PDSCH transmission is due in UL subframe ‘n+6’. 
Proposal 3:

· 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 M-PDCCH used to schedule the retransmission is sufficient. 

Proposal 4:
· 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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