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1
Introduction
In RAN1#82, the following working assumption was made for a Rel-13 low-complexity MTC (LC-MTC) UE [1] –
Working assumption:
· 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

The following was also agreed on timing relationships –

Agreement:

· Timing relationships between M-PDCCH and PDSCH

· In FDD and HD-FDD with cross-subframe scheduling, the PDSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends, where k is defined by other agreements

· Timing relationships between M-PDCCH and PUSCH

· In FDD and HD-FDD, the PUSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends

· FFS the value of k

· Timing relationships between PDSCH and PUCCH

· In FDD and HD-FDD, if PDSCH transmission ends in subframe n as indicated by the corresponding M-PDCCH, PUCCH carrying HARQ-ACK starts in subframe n+k

· FFS:  the value of k

· FFS: how to determine when PDSCH transmission ends for message 4

In this contribution, we discuss further details on timing relationships for LC-MTC.
2
 Discussion of Timing Relationships
The support of cross-subframe scheduling for LC-MTC UEs allows the M-PDCCH to provide a DL PDSCH assignment for a subsequent subframe. Only cross-subframe scheduling is supported for LC-MTC UEs in enhanced coverage, where repetitions of M-PDCCH transmissions will be followed by repetitions of PDSCH transmissions. Cross-subframe scheduling is also supported for LC-MTC UEs in normal coverage, but the possibility may exist for both the M-PDSCH and the PDSCH to be multiplexed into the same subframe. Although such same-subframe scheduling can slightly increase the supported data rates, having to support both same-subframe and cross-subframe scheduling increases the UE complexity and the specification effort, including specification of timing relationships. Therefore, we have the following proposal.
Proposal 1: Confirm the working assumption from RAN1 #82 that same-subframe scheduling is NOT supported for LC-MTC UEs.
In [2], various timing relationship considerations were discussed for both a UE in normal coverage and a UE in enhanced coverage. The discussion showed that the many of the timing relationships depend on the number of HARQ processes supported and the mechanism with which multiple HARQ processes are supported.
With respect to timing of unicast PDSCH relative to M-PDCCH, two cases have been identified for scheduling PDSCH as follows.

Case 1: The DCI indicates one of the narrowband regions and the resource allocation for PDSCH within the narrowband region.

Case 2: The UE can assume that PDSCH is scheduled in the same or known narrowband (when frequency hopping is used).

The agreement from RAN2 #82 noted above states that the value of k, determining the timing of the PDSCH relative to M-PDCCH, is derived from other agreements. In RAN1 #81, it was agreed that for Case 2 k = 1. For Case 1, it has been agreed that k>=2, pending RAN4 input on retuning time. For this case, after the UE receives the M-PDCCH (or the last repetition of the M-PDCCH in enhanced coverage), the UE needs to first decode the M-PDCCH and then retune to the frequency indicated by the DCI to receive the PDSCH. Thus the choice of k depends on the time needed for decoding the M-PDCCH and the retuning time. According to the input provided by RAN4, the maximum retuning time between narrowband regions is 2 symbols [3].
Figure 1 illustrates the timing for an LC-MTC UE in enhanced coverage with k = 2 in FDD and HD-FDD. Taking into account the legacy control region, it is seen that the time interval between the M-PDCCH and the PDSCH is about 1.2 ms (1 subframe plus duration of legacy control region in the next subframe). Assuming that retuning will require the maximum time of 2 symbols, an entire subframe is available for processing and decoding the M-PDCCH, which should be adequate. Even if multiple HARQ processes are supported in enhanced coverage, this seems to be the most logical timing relationship. Therefore, we have the following proposal.
Proposal 2: For defining the timing relationship in enhanced coverage between M-PDCCH and PDSCH in FDD and HD-FDD, the value of k in Case 1 is given by k = 2.
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Figure 1. Timing relationship between M-PDCCH and PDSCH in enhanced coverage when the PDSCH is scheduled in a different narrowband.
The case of normal coverage is depicted in Figure 2 showing eight HARQ processes. Here the relative timing between the M-PDCCH and the PDSCH is the same as above, i.e., k = 2. It is further assumed in this example that PDSCH resource allocation may be in two different narrowbands (indicated by the DCI in M-PDCCH). It can be seen that a 1-subframe gap must be provided between each M-PDCCH and its associated PDSCH. After receiving each PDSCH, the UE retunes back to the narrowband region where M-PDCCH is transmitted. Since retuning between the PDSCH narrowband and the M-PDCCH narrowband may be achieved during the interval of the legacy control region, no additional gap is necessary. Thus, the number of unused subframes at the UE is equal to the number of HARQ processes. The same timing relationship between the M-PDCCH and the PDSCH as in enhanced coverage is maintained at the expense of the unused subframes, which affects the round-trip time (RTT).
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Figure 2. Timing relationship between M-PDCCH and PDSCH in normal when the PDSCH is scheduled in a different narrowband.
An alternative transmission scheme is shown in Figure 3, where the M-PDCCH is successively transmitted for each of eight HARQ processes before the corresponding PDSCH transmissions occur in the same successive order. Here no additional gap needs to be provided between the M-PDCCH for the last process and the PDSCH for the first process since the retuning can be carried out during the legacy control interval. Similarly, retuning between the two PDSCH narrowband regions also does not entail any overhead. Therefore, in this implementation, k = 8, the number of DL HARQ processes. Thus, there is no unused subframe in HARQ cycle. As a result, this transmission scheme has a shorter RTT than the previous scheme and allows a higher data rate to be achieved. The impact of using this approach is that the timing differs from that in enhanced coverage. Furthermore, the UE needs to store the resource allocation information for the PDSCH of all of the HARQ processes since the PDSCH of the first process is received only after the M-PDCCH of the last process. This is similar to the legacy handling of multiple UL HARQ processes, where the UL grants for the PUSCH transmissions corresponding to multiple HARQ processes are successively received and stored before the PUSCH for the first HARQ process is transmitted. In the current case, however, more information (for eight processes) must be saved.
Proposal 3: For defining the timing relationship in normal coverage between M-PDCCH and PDSCH in FDD and HD-FDD for Case 1, consider the complexity of making k equal to the number of DL HARQ processes.
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Figure 3. Alternative timing relationship between M-PDCCH and PDSCH in normal when the PDSCH is scheduled in a different narrowband.
For an LC-MTC UE in enhanced coverage, the timing of the first PUSCH repetition relative to the last repetition of the UL grant transmitted in M-PDCCH can be derived from legacy timing (normal coverage) for FDD and HD-FDD. That is, if the last repetition of the M-PDCCH is received in subframe n, the first repetition of the PUSCH is transmitted in subframe n+4, as illustrated in Figure 4. The gap between reception of the UL grant and transmission of PUSCH can absorb the receive-to-transmit retuning/switching delay of the UE in the case of HD-FDD. Again, this timing is considered appropriate regardless of the number of HARQ processes supported. Thus, we have the following proposal.

Proposal 4: For defining the timing relationship in enhanced coverage between M-PDCCH and PUSCH in FDD and HD-FDD, the value of k is given by k = 4.
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Figure 4. Timing relationship between M-PDCCH and PUSCH in enhanced coverage.
In the case of normal coverage, the timing relationship considerations differ between FDD and HD-FDD. In FDD, there is nothing new relative to legacy operation and, therefore, legacy timing can be preserved.
Proposal 5: For defining the timing relationship in normal coverage between M-PDCCH and PUSCH in FDD, the value of k is given by k = 4.
In HD-FDD, the considerations are similar to those discussed for the timing relationship between M-PDCCH and PDSCH. With eight UL HARQ processes, as illustrated in Figure 5, k = 9 is necessary to allow the UE to retune/switch from transmission to reception when considering the misalignment between DL and UL subframes due to timing advance on the UL. The requirement of k >= 4 based on legacy timing is satisfied given that the maximum number of UL processes is more than 2.
Proposal 6: For defining the timing relationship in normal coverage between M-PDCCH and PUSCH in HD-FDD, the value of k is equal to one more than the maximum number of UL HARQ processes.
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Figure 5. Timing relationship in HD-FDD between M-PDCCH and PUSCH in normal coverage.
For an LC-MTC UE in enhanced coverage, the timing relationship between PDSCH and the PUCCH carrying the HARQ-ACK can be derived from legacy timing (normal coverage) for FDD and HD-FDD. Legacy timing for FDD and HD-FDD specifies that if the PDSCH is received in subframe n, the HARQ-ACK is transmitted in subframe n+4, which provides sufficient delay for processing the PDSCH and preparing the HARQ-ACK for UL transmission. Applying this to enhanced coverage, as depicted in Figure 6, if the last repetition of the PDSCH is transmitted in subframe n, then the first repetition of the PUCCH is transmitted in subframe n+4. The gap between reception of the PDSCH and transmission of PUCCH can absorb the receive-to-transmit retuning/switching delay of the UE in the case of HD-FDD. Thus, we have the following proposal.
Proposal 7: For defining the timing relationship in enhanced coverage between PDSCH and PUCCH carrying HARQ-ACK in FDD and HD-FDD, the value of k is given by k = 4.
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Figure 6. Timing relationship between PDSCH and PUCCH in enhanced coverage.
Legacy timing can be preserved for FDD, as illustrated in Figure 7, regardless of whether the method of Figure 2 or Figure 3 is used for scheduling the PDSCH. This is summarized in the following proposal.
Proposal 8: For defining the timing relationship in normal coverage between PDSCH and PUCCH carrying HARQ-ACK in FDD, the value of k is given by k = 4.
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Figure 7. Timing relationship in FDD between PDSCH and PUCCH in normal coverage.
In HD-FDD, the timing between PDSCH and PUCCH carrying HARQ-ACK depends on the number of DL HARQ processes in addition to whether the method of Figure 2 or Figure 3 is used for scheduling the PDSCH. The transmission of the HARQ-ACK is delayed until the PDSCH for the last HARQ process is received after which the UE can retune to the UL narrowband region (during the legacy control region interval) and transmit the HARQ-ACK for the first process in the next subframe. The HARQ-ACK for any process must follow at least 3 subframes after reception of the PDSCH. Figure 8 shows this with eight HARQ processes where the method depicted by Figure 3 for PDSCH scheduling with multiple HARQ processes is assumed. A gap of 1 subframe is provided after the PDSCH of the last HARQ process for retuning/switching from the DL PDSCH narrowband region to the UL narrowband region, which results in k = 9. Therefore, the requirement of k >= 4 based on legacy timing is satisfied given that the maximum number of DL HARQ processes is more than 2. We have the following proposal for this case.
Proposal 9: For defining the timing relationship in normal coverage between PDSCH and PUCCH carrying HARQ-ACK in HD-FDD, the value of k is equal to one more than the maximum number of DL HARQ processes.
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Figure 8. Timing relationship in HD-FDD between PDSCH and PUCCH in normal coverage.
4
Conclusion


In this contribution, further details related to timing relationships between the transmissions of different channels are discussed. The following proposals are made:
Proposal 1: Confirm the working assumption from RAN1 #82 that same-subframe scheduling is NOT supported for LC-MTC UEs.
Proposal 2: For defining the timing relationship in enhanced coverage between M-PDCCH and PDSCH in FDD and HD-FDD, the value of k in Case 1 is given by k = 2.
Proposal 3: For defining the timing relationship in normal coverage between M-PDCCH and PDSCH in FDD and HD-FDD for Case 1, consider the complexity of making k equal to the number of DL HARQ processes.
Proposal 4: For defining the timing relationship in enhanced coverage between M-PDCCH and PUSCH in FDD and HD-FDD, the value of k is given by k = 4.
Proposal 5: For defining the timing relationship in normal coverage between M-PDCCH and PUSCH in FDD, the value of k is given by k = 4.
Proposal 6: For defining the timing relationship in normal coverage between M-PDCCH and PUSCH in HD-FDD, the value of k is equal to one more than the maximum number of UL HARQ processes.
Proposal 7: For defining the timing relationship in enhanced coverage between PDSCH and PUCCH carrying HARQ-ACK in FDD and HD-FDD, the value of k is given by k = 4.
Proposal 8: For defining the timing relationship in normal coverage between PDSCH and PUCCH carrying HARQ-ACK in FDD, the value of k is given by k = 4.
Proposal 9: For defining the timing relationship in normal coverage between PDSCH and PUCCH carrying HARQ-ACK in HD-FDD, the value of k is equal to one more than the maximum number of DL HARQ processes.
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