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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

The following was also agreed in RAN1 #82bis [2] –
Agreement:

· For DL cross-subframe scheduling Case 1 without repetition and with repetition, PDSCH (new and re-transmissions) starts from the second valid downlink subframe after the end of the corresponding transmitted M-PDCCH with the given repetition level

· FFS whether there is impact of UL scheduling for HD-FDD and if so, how, etc.

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.
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, the relative timing has been agreed in RAN1 #82bis, as noted above. We also note that, according to the input provided by RAN4, the maximum retuning time between narrowband regions is 2 symbols [3].
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 1. 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 2: 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 1. 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 3: For defining the timing relationship in normal coverage between M-PDCCH and PUSCH in FDD, the value of k is given by k = 4.
When retuning between DL and UL, type B HD-FDD operation provides a guard subframe as a gap. Therefore, the UE cannot transmit in the subframes before and after a sequence of UL subframes. Then with legacy timing between the UL grant and PUSCH (k = 4), only three UL HARQ processes can actually be used, as illustrated in Figure 2, which also shows that 3 out 8 subframes can be used for UL transmission. 
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Figure 2. Legacy timing relationship in HD-FDD between M-PDCCH and PUSCH in normal coverage.

In order to use all 8 UL HARQ processes, however, HARQ timing must be modified and the value k = 9 should be used after accounting for the guard subframe, as depicted in Figure 3. Although the round-trip time (RTT) is increased to 18 ms, 8 out of 18 subframes can be used for UL transmission and the peak data rate is slightly increased. In general, with the value of k set equal to one more than the number of UL HARQ processes used, the peak data rate is improved for more than three HARQ processes. The improvement is marginal, however. Therefore, to avoid additional complexity, legacy timing can be preserved.
Proposal 4: For defining the timing relationship in normal coverage between M-PDCCH and PUSCH in HD-FDD, the value of k is given by k = 4.
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Figure 3. New 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 4, 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 guard subframe in the case of HD-FDD. Thus, we have the following proposal.
Proposal 5: 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 4. Timing relationship between PDSCH and PUCCH in enhanced coverage.
Legacy timing between PDSCH and PUCCH carrying HARQ-ACK can be preserved for FDD in normal coverage, as illustrated in Figure 5 for Case 2, assuming the same timing between M-PDCCH and PDSCH as in the agreement noted above. As the figure demonstrates, however, the minimum RTT is 10 ms and only 8 out of 10 subframes are used for PDSCH transmission.
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Figure 5. Timing relationship in FDD between PDSCH and PUCCH in normal coverage for Case 2.
Figure 6 illustrates how legacy timing between PDSCH and PUCCH carrying HARQ-ACK can also be preserved for Case 1. Here it is assumed that the M-PDCCH is always transmitted in the same narrowband. Although the PDSCH can be allocated in more than one narrowband, it is assumed here for the sake of exposition without loss of generality that all PDSCH allocations are in the same narrowband. The timing between M-PDCCH and PDSCH is again according to the agreement noted above, taking advantage of which the M-PDCCH transmissions and the PDSCH transmissions for two HARQ processes are piggy-backed. Retuning between the two DL narrowbands for M-PDCCH or PDSCH reception can occur during the legacy control region interval and hence no additional gap is required. The RTT is 16 ms with 8 HARQ processes. If the same RTT as for Case 2 (i.e., 10 ms) must be maintained, then only 4 HARQ processes can be used. However, the peak data rate would be reduced. Our proposal is as below.
Proposal 6: 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 6. Timing relationship in FDD between PDSCH and PUCCH in normal coverage for Case 1.
In HD-FDD, a guard subframe precedes the first UL subframe and follows the last UL subframe for a sequence of UL subframes to allow switching/retuning between UL and DL. Then legacy HARQ-ACK timing is preserved by using 3 UL HARQ processes, as Figure 7 shows for Case 2. The RTT in this case is again 10 ms. For the same HARQ-ACK timing and RTT, Figure 8 shows that only 2 UL HARQ processes can be used in Case 1, which means that only 2 out of 10 subframes are used for UL transmission.
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Figure 7. Timing relationship in HD-FDD between PDSCH and PUCCH in normal coverage for Case 2.
[image: image8.emf] 

Subframe     0       1       2      3       4       5      6        7      8       9       0   

    P1    P2                                                                               P1  

    P1      P2  

DL NB2  

DL NB1  

UL NB  

   P k  

M - PDCCH for process  k  

   P k  

PDSCH for process  k   UL ACK/NACK   for process   k  

    P1      P2  

   P k  


Figure 8. Timing relationship in HD-FDD between PDSCH and PUCCH in normal coverage for Case 1.
The peak data rate can be improved by relaxing the HARQ-ACK timing, allowing more UL HARQ processes to be used (which would also increase the minimum RTT). For example, Figure 9 shows this for Case 1 with 4 HARQ processes where the HARQ-ACKs for the first two processes are delayed until after transmission of the PDSCH for the fourth process. It is assumed that UL ACK/NACK bundling or multiplexing is supported and used for transmission of the ACK/NACKs for the first two processes in one subframe. The HARQ retransmission for the first process can then occur 3 ms after the UL NACK for the first process provided a guard subframe is provided for retuning from UL to DL (as in type B HD-FDD operation), as illustrated in the figure. The benefit of relaxing the HARQ-ACK timing as described is the increase in peak data rate by about 53% for this case. Therefore, we have the following proposal.
Proposal 7: Consider relaxing the timing relationship between PDSCH and PUCCH carrying HARQ-ACK to define a variable value for k (k ≥ 4) that depends on the HARQ process index.
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Figure 9. Timing relationship in HD-FDD between PDSCH and PUCCH in normal coverage.
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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 PUSCH in FDD and HD-FDD, the value of k is given by k = 4.
Proposal 3: 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 4: For defining the timing relationship in normal coverage between M-PDCCH and PUSCH in HD-FDD, the value of k is given by k = 4.
Proposal 5: 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 6: 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 7: Consider relaxing the timing relationship between PDSCH and PUCCH carrying HARQ-ACK to define a variable value for k (k ≥ 4) that depends on the HARQ process index.
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