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1
Introduction
In RAN1#80bis, the following was agreed on physical timing relationsip for a Rel-13 low-complexity MTC (LC-MTC) UE [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).
It is also agreed that –
· 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
In this contribution, we discuss considerations for the timing relationship between the physical downlink control channel for MTC (M-PDCCH) and the PDSCH as well as hybrid ARQ (HARQ) timing aspects.
2
Timing Relationship between M-PDCCH and PDSCH
Based on current agreements, an LC-MTC UE in normal coverage can only receive an M-PDCCH and an unassociated PDSCH in the same subframe. Therefore, the PDSCH is scheduled by the M-PDCCH in a prior subframe via cross-subframe scheduling. For UEs in enhanced coverage, the options for the timing relationship between the subframe containing the last repetition of the M-PDCCH and the first subframe of the associated PDSCH are related to whether the PDSCH is scheduled in the same narrowband region as the M-PDCCH or a different narrowband region. As discussed in [2], scheduling in the same narrowband offers the benefit of lower implementation complexity and saving of some DCI bits, whereas allowing for dynamic scheduling anywhere within the system bandwidth or within predefined narrowband regions provides more flexibility at the cost of overhead in the form of DCI bits.
When the PDSCH is scheduled in the same narrowband as the M-PDCCH, the minimum timing can depend only on the delay in decoding the M-PDCCH. Here if the PDSCH is scheduled in the same narrowband as the M-PDCCH and the first transmission is scheduled for the next subframe (i.e., k = 1), the UE receiver has a time interval equal to the duration of the legacy PDCCH region to decode the PDSCH assignment in the M-PDCCH without having to buffer data in the following subframe. This is illustrated in Figure 1. The legacy UE takes about 1.5 ms to decode the PDCCH and PDSCH. Therefore, even considering that only the M-PDCCH needs to be decoded, the duration of the legacy control region (3 symbols or about 210 s in the best case) may not be sufficient. If it is sufficient, however, then it is possible to fix k = 1. Otherwise, k = 2 is an appropriate choice.
Proposal 1: Consider whether the duration of the legacy control region provides sufficient time for decoding the M-PDCCH without additional data buffering. 
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Figure 1. Timing relationship when the PDSCH is scheduled in the same narrowband as the M-PDCCH.
On the other hand, if the PDSCH is scheduled in a different narrowband than the M-PDCCH, then the receiver will need to, in addition to decoding the M-PDCCH, also retune to a new frequency before being able to start receiving the PDSCH. RAN4 input on this issue is still awaited, but the duration of the interval of the legacy control region may not be sufficient in this case. Then, the PDSCH cannot be scheduled in the next subframe but can be scheduled in the the subsequent subframe (i.e., k = 2). Figure 2 illustrates this scenario. If the duration of the legacy control region is sufficient for retuning, however, then the UE receiver should be able to not only decode the PDSCH assignment in the M-PDCCH but also retune to the new frequency and start receiving PDSCH in the next subframe. Again, if the legacy control region provides sufficient time (without data buffering), k = 1 is possible. 
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Figure 2. Timing relationship when the PDSCH is scheduled in a different narrowband than the M-PDCCH.
The preceding depictions assume that all the M-PDCCH or PDSCH repetitions are transmitted in the same narrowband. If frequency hopping is performed, however, the receiver would need to retune to different frequencies when receiving the M-PDCCH/PDSCH, which may require the provision of additional retuning gaps during the transmission of the respective channels. The above discussion of timing relationship between the last transmission of the M-PDCCH and the PDSCH still applies.
From the above discussion, it is apparent that the minimum timing of the PDSCH relative to the M-PDCCH depends on

· whether or not PDSCH is always scheduled in the same narrowband as the M-PDCCH;

· the retuning time in case transmission of M-PDCCH and PDSCH on different narrowbands is allowed.
If the option for transmitting the PDSCH in the same narrowband location as the associated M-PDCCH is selected, the option for fixing k = 1 can also be selected (assuming that the M-PDCCH can be decoded within the legacy control region duration). With the option of flexible dynamic selection, if the legacy control region duration can absorb the retuning time, again the option for fixing k = 1 can be selected. On the other hand, if an additional subframe needs to be allowed for retuning, the value of k can be made variable depending on the location of the PDSCH relative to the M-PDCCH (k = 1 for same narrowband location and k = 2 for different narrowband locations) without any additional signaling requirement. This complicates the timing relationship, however, and is not desirable. Therefore, it is better to fix k = 2. This would waste a subframe when the PDSCH is scheduled in the same narrowband as the M-PDCCH but would involve less complexity.
Proposal 2: For the value of k determining the start time of PDSCH transmission after the end of the M-PDCCH transmission, select Option 1 (k is fixed).

3
DL and UL HARQ Timing
Now we consider the the timing of the transmission of HARQ-ACK on PUCCH after the transmission of the PDSCH repetitions. According to legacy timing, if the PDSCH transmission is completed in subframe n, the transmission of the the HARQ-ACK can begin in subframe n+4. For a UE in normal coverage, there is no reason to change this timing and hence this timing relationship can be preserved.

For a UE in enhanced coverage, new considerations are involved. Not only are repetitions of the PDSCH transmitted, repetitions of the ACK/NACK (on PUCCH) must also be transmitted. Furthermore, the number of repetitions for the PUCCH may be different from that for the PDSCH. This means that the round-trip time (RTT) is impacted compared with legacy operation. Preserving the timing relationship in enhanced coverage implies that the first repetition of the ACK/NACK is transmitted on the uplink (UL) 3 ms after the last repetition of the PDSCH is received on the downlink. This is illustrated in Figure 3 for FD-FDD.
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Figure 3. Timing relationship between PDSCH and ACK/NACK in FD-FDD.
It is possible that the UE can successfully decode the PDSCH even before the last repetition is received on the downlink (DL). This may happen, for example, if the number of required repetitions is less than that for the configured coverage enhancement level (and higher than that for the lower level). In such cases, the LC-MTC UE can derive power consumption savings by terminating its reception early. In such an instance, the UE can begin transmission of its HARQ-ACK repetitions at an earlier subframe than indicated by the above timing. This would be beneficial, however, only if the eNB can decode the HARQ-ACK before it completes transmission of the remaining repetitions of the PDSCH so it can avoid these transmisisons, which may be an issue because the eNB has no idea about when the UE has started to transmit the HARQ-ACK. 
Proposal 3: The benefits of early termination with respect to UE power savings should be further studied.

The case of HD-FDD is also similar to FD-FDD. During the subframes when the PDSCH is transmitted, the UE is in receiving mode. If the last PDSCH repetition is transmitted in subframe n, the timing for UL transmission of the first ACK/NACK transmission can again be fixed at n+4. The UE needs to decode the PDSCH and switch from recive mode to transmit mode in 3 ms, which should be adequate.

In the case of TDD, the timing for UL ACK/NACK transmission after reception of the last PDSCH repetition depends on the UL subframes available within the TDD configuration. Basically, the HARQ timing for the DL subframe in which the last PDSCH transmission is received can be followed. If the last PDSCH transmission is received in subframe n, then the HARQ-ACK transmission can be begin at the first UL subframe following subframe n+3 (i.e., no earlier than subframe n+4).
Proposal 4: The timing between reception of the last repetition of PDSCH and transmission of the first repetition of the HARQ-ACK for LC-MTC UEs in enhanced coverage shall follow legacy timing.
In the case of FD-FDD, the timing of the first PUSCH transmission relative to the last transmission of the UL grant for an LC-MTC UE in enhanced coverage can be derived from legacy timing. That is, if the last repetition of the UL grant is received in subframe n, the first repetition of the PUSCH is transmitted in subframe n+4. Here again, the case of HD-FDD is similar to FD-FDD and the gap between reception of the UL grant and transmission of PUSCH can absorb the receive-to-transmit switching delay of the UE.
Proposal 5: The timing between reception of the last repetition of the UL grant and transmission of the first repetition of the PUSCH for LC-MTC UEs in enhanced coverage shall follow legacy timing for FDD and HD-FDD.

The issue becomes more complicated in the case of TDD. The legacy specification for the timing between the UL grant and PUSCH allows for transmission of the UL grant in only a subset of the DL subframes for UL/DL subframe configurations in which there are more DL subframes than UL subframes. If the last repetition of the UL grant is transmitted in one of these DL subframes, then the timing for the first repetition of the PUSCH is specified. If the last repetition of the UL grant is transmitted in one of the other DL subframes, however, the timing for the first repetition of the PUSCH may need to be newly defined. Figure 4 illustrates this problem for TDD UL/DL configuration 1, where timing for PUSCH transmission is not specified for an UL grant transmitted in subframe 4.
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Figure 4. No legacy timing specification for UL grants transmitted in certain DL subframes for an LC MTC UE in enhanced coverage.
Proposal 6: Options for the timing of PUSCH transmission after reception of an UL grant for LC-MTC UEs in enhanced coverage should be further studied for TDD.
Since the legacy PHICH cannot be received by the LC-MTC when the system bandwidth exceeds 1.4 MHz, the ACK/NACK for an UL transmission can be indicated – without introducing a new channel – implicitly through the UL grant, e.g., using the new data indicator (NDI) bit in the DCI to indicate a new transmission or a retransmission. In such a design, the timing for UL grant after transmission of the PUSCH may need to be known to the LC-MTC UE. If legacy timing for PHICH is followed for the transmission timing of the the UL grant after reception of the PUSCH, it means that if the last repetition of the PUSCH transmission is received in subframe n, the first repetition of the next UL grant in FDD is transmitted in subframe n+4. This would only be possible, for instance, if no transmission is scheduled to be repeated on the DL in that subframe or the UL grant can otherwise be transmitted beginning at that subframe. An ongoing repeated transmission cannot be interrupted, however, so other options for the timing would need to be considered.

Proposal 7: Options for the timing between reception of PUSCH and transmission of the next UL grant to LC-MTC UEs in enhanced coverage should be further studied.
4
Conclusion

In this contribution, considerations for the timing relationship between the physical downlink control channel for MTC (M-PDCCH) and the PDSCH and HARQ aspects are discussed. The following proposals are made:
Proposal 1: Consider whether the duration of the legacy control region provides sufficient time for decoding the M-PDCCH. 

Proposal 2: For the value of k determining the start time of PDSCH transmission after the end of the M-PDCCH transmission, select Option 1 (k is fixed).

Proposal 3: The benefits of early termination with respect to UE power savings should be further studied.

Proposal 4: The timing between reception of the last repetition of PDSCH and transmission of the first repetition of the HARQ-ACK for LC-MTC UEs in enhanced coverage shall follow legacy timing.
Proposal 5: The timing between reception of the last repetition of the UL grant and transmission of the first repetition of the PUSCH for LC-MTC UEs in enhanced coverage shall follow legacy timing for FDD and HD-FDD.

Proposal 6: Options for the timing of PUSCH transmission after reception of an UL grant for LC-MTC UEs in enhanced coverage should be further studied for TDD.
Proposal 7: Options for the timing between reception of PUSCH and transmission of the next UL grant to LC-MTC UEs in enhanced coverage should be further studied.

5
Reference
[1] Draft Report of 3GPP TSG RAN WG1 #80bis, v0.1.0.
[2] R1-151306, “Resource Block Allocation for MTC,” Nokia Networks, RAN1 #80bis, Belgrade, Serbia.
n+3





Legacy control region





M-PDCCH








M-PDCCH








Legacy control region





M-PDCCH





Time available for decoding PDSCH assignment without data buffering





…





…





M-PDCCH





M-PDCCH








M-PDCCH








PDSCH





PDSCH








PDSCH








PDSCH








PDSCH








…





…





Time available for decoding PDSCH assignment and retuning





n+2





…





D





n+1





n











D





D





D





D





D

















U





U





U





U





U





U





U





U





…





U





U

















n+5





n+4





D





D





D





D





DL





UL





PDSCH





ACK/NACK





D





PUSCH timing specified





U





9





8





7





6





5





4





3





2





1





0





9





8





7





6





5





4





3





2





1





0





D





S





U





U





U





S





D





D





D





D





U





U





S





D





D





U





UL grant





U





U





PUSCH





D





U





U





S





U





PUSCH timing undefined





DL





UL





U





SFN N





SFN N+1





TDD config. 1





D











S





D








[image: image5.bmp]