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1 Introduction
On MTC physical channel timing relationships there are following progress in RAN1#82 meeting:
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

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

Agreement:
· For HD-FDD, FD-FDD, and TDD, if the UE is operating with coverage enhancement (but not small one):

· UE is expected to support no more than N DL HARQ process to receive unicast PDSCH

· FFS N=1, 2, or 4

· UE is expected to support no more than M UL HARQ process to transmit PUSCH

· FFS M = 1, 2, 4, or Rel-8 # of UL HARQ processes

· For HD-FDD, FD-FDD and TDD, if the UE is operating with no repetition, the same max number of DL and UL HARQ processes as for Cat-0 UE in Rel-12, except that:

· FFS if the number of DL HARQ processes should be increased for TDD with respect to that of Rel-8 for the case of no repetition 

· FFS the case of small coverage enhancement

· Soft buffer management is based on a maximum of 8 DL HARQ processes as in Rel-8

· Further discussion offline on the terminology related to coverage enhancement  - (Panasonic)

Agreement:

· For an MPDCCH transmitted with a repetition number R, the UE is able to determine R 

This contribution provides analysis of possible values of k for FD-FDD and our proposals on HARQ operation.

2 Timing relationships in normal coverage

In the contribution especially the illustrations, DGi represents the DL assignment for HARQ process i, UGi represents the UL grant for HARQ process i; DLi and ULi represent the associated DL and UL data transmission for the corresponding HARQ processes respectively, and Ai represents HARQ feedback in PUCCH or M-PDCCH.

2.1 DL timing relationships

· M-PDCCH-to-PDSCH 

Because in normal coverage there we can assume there will be only cross-subframe scheduling, the value of k=2 in case 1 is firstly analyzed. Thus, between both M-PDCCH and PDSCH of HARQ process #i, PDSCH and unassociated M-PDCCH scheduling PDSCH of next HARQ process#i+1, there would be 1 subframe gap. 

· PDSCH-to-PUCCH

The timing between PDSCH and HARQ feedback on PUCCH mostly depends on the propagation delay, which can follow the existing part of HARQ timing, i.e. the subframe interval is 4.
In total there are 8 DL HARQ processes as per the agreements. In the case all 8 HARQ processes are performed continuously,  the possible re-transmission of PDSCH after initial transmission at subframe n will occur at subframe n+32, upon PUCCH detected at subframe n+4. The transmission is illustrated in Figure 1(a).

Currently 1 subframe is kept for retuning. If RAN1 adapt 2 symbols to be sufficient for retuning as per RAN4 agreements [1], the M-PDCCH of next HARQ process can start one subframe earlier, as shown in Figure 1(b), in which case re-transmission occurs in subframe n+24.
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(a) 1 subframe reserved between M-PDCCH and unassociated PDSCH
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(b) 2 symbols reserved between M-PDCCH and unassociated PDSCH

Figure 1. Relaxed case of DL HARQ timing in normal coverage with 8 HARQ processes
In either case, the timing gap between M-PDCCH and associated PDSCH and between PDSCH and associated PUCCH are not affected. The difference due to retuning time in (a) and (b) will lead to different RTT. However, because DL HARQ is currently asynchronous, the retuning time reserved in Figure 1 would restrict the possible monitoring subframes of M-PDCCH. If the gap of monitoring subframes of M-PDCCH can be shortened, e.g. 1, the HARQ operation is like the following. 
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Figure 2. Tight case of DL HARQ timing in normal coverage with 8 HARQ processes

For this case although all 8 HARQ processes are performed as early as possible, there may be error spreading issue due to failure of DG1, as explained in our contribution [3]. Otherwise all M-PDCCH and PDSCH shall be restricted to be in the same narrowband. To maintain the frequency diversity gain from dynamic indication of narrowband location, both of the relaxed case and tight case should be supported and which one to use shall be up to eNB configuration, so we have
Proposal 1: The M-PDCCH monitoring subframes should be UE-specifically configurable for MTC UEs in normal coverage.
Proposal 2: For unicast DL HARQ operation for MTC UEs in normal coverage, the timing relationships can follow the procedure illustrated in Figure 1 or Figure 2, depending on the offsets between M-PDCCH monitoring subframes.
2.2 UL timing relationships

· M-PDCCH-to-PUSCH
The timing between M-PDCCH and PUSCH also mainly depends on the transmission delay, upon which the retuning time should be further taken into account as the UE would not know where to retune to unless it successfully decodes the associated M-PDCCH. The timing interval can be 4 or 5 subframes.
· PUSCH-to-M-PDCCH

For synchronous non-adaptive HARQ realized by PHICH, a (non-MTC) UE transmitting PUSCH at subframe n will expect to receive the ACK/NACK at subframe n+4. This timing can be maintained when M-PDCCH is used for PUSCH HARQ feedback due to transmission delay and UE processing time. Unless DL case where the legacy control region can be used for retuning, 1 subframe reserved for retuning between different UL HARQ, e.g. UL1 and UL2, is considered in the discussion below. 
To allow maximum 8 UL HARQ processes, similar to DL HARQ, the M-PDCCH monitoring subframes can be continuous or not, as respectively shown in Figure 3(a) and (b). Note when 1 subframe gap is reserved between PUSCH for retuning, the associated M-PDCCH may not use a retuning gap by 2 symbols in order to maintain the same RTT among multiple HARQ processes.
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(a) PUSCHs of multiple HARQs are always in the same narrowband and Rel-8 RTT is maintained
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(b) 1 subframe reserved between PUSCH of adjacent HARQs but overlapping issue happens
Figure 3. UL HARQ timing in normal coverage with 8 HARQ processes
In (a), the DCI indication of narrowband location of PUSCH is not useful for all HARQ processes unless HARQ#1. The benefit is UL data rate can be relatively high and the RTT is kept the same as Rel-8. In (b), the low-complexity UE can obtain frequency diversity by dynamic scheduling. However there is overlapping issue between M-PDCCH carrying HARQ-ACK feedback and M-PDCCH for scheduling, i.e. UG5 and A1 shown in (b), in case of 8 HARQ processes.
The overlapping issue can be resolved by the following approaches in general:

· To postpone A1 to a later subframe. It can be the end of 8 HARQ processes, i.e. support synchronization HARQ by M-PDCCH; however the UL HARQ RTT will be double comparing the one of Rel-8. It can also be 1 subframe later, which means the monitoring subframes need further adjustment which seems not an elegant design.
· To differentiate the M-PDCCHs used for A1 and UG5. The benefit is RTT for one HARQ is maintained to be the same as Rel-8 and synchronization HARQ by M-PDCCH is supported, which is quite useful for complexity reduction of R13 MTC UE processing and R13 regular UE mimicking MTC. On the other hand this may need more standard efforts.
Proposal 3: Further study the overlapping issue between M-PDCCHs of different HARQ processes for PUSCH transmission.

3 Timing relationships for coverage enhancements

3.1 DL timing relationships

· M-PDCCH-to-PDSCH 

The timing gap of 1 subframe between M-PDCCH and PDSCH is necessary because of retuning time and decoding of M-PDCCH repetitions, which can possibly be very large. 

· PDSCH-to-PUCCH

As PUCCH region is higher layer configured and PUCCH resource can be partly implicitly determined by M-PDCCH, the retuning time between PDSCH and corresponding PUCCH can be incorporated into the DL/UL switching. Thus, after PDSCH repetition ends at subframe n, PUCCH with repetition can be expected to start from subframe n+4 similar to the timing of that in normal coverage.
Below it illustrates an example that M-PDCCH repetition is 3, PDSCH repetition is 5 and PUCCH repetition is 3 for the number of HARQ is 4, 2 and 1 respectively. 2 symbols for retuning between repetition of PDSCH and repetition of M-PDCCH of next HARQ process (e.g. ending subframe of DL1 and starting subframe of DG2) is possible, but not shown for simplicity.
From the illustration we have the following observations:

· In the case of only 1 HARQ,  the available DL resource is not sufficiently used and the peak data rate is reduced;

· In terms of data rate, 2 and 4 HARQ processes provide similar performance; 
· Although the RTT for 2 HARQ process case is shorter, the same RTT can be achieved for 4 HARQ case by eNB scheduling. Thus for the UE with capability of supporting max 4 HARQs, eNB can schedule only 2 HARQs if shorter RTT is expected while can also enable continuous transmission of 4 packets by performing 4 HARQs.
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(a) number of HARQ processes is 4
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(b) number of HARQ processes is 2
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(c) number of HARQ processes is 1

Figure 4. DL HARQ timing in coverage enhancement with k=2 between M-PDCCH and PDSCH
In our opinion the above analysis applies to all coverage enhancement levels. So we have
Proposal 4: For unicast DL HARQ operation for MTC UEs operating coverage enhancement, the timing relationships can follow the procedure illustrated in Figure 4(a).

3.2 UL timing relationships

· M-PDCCH-to-PUSCH

The timing between M-PDCCH and PUSCH also mainly depends on the transmission delay, upon which the retuning time should be further taken into account as the UE would not know where to retune to unless it successfully decodes the associated M-PDCCH. The timing interval can be 4 or 5 subframes.

· PUSCH-to-M-PDCCH

For synchronized non-adaptive HARQ realized by PHICH, a (non-MTC) UE transmitting PUSCH at subframe n will expect to receive the ACK/NACK at subframe n+4. There may also be overlapping issue as the case in normal coverage of Figure 3(b). 
4 Conclusions

In this contribution we analysis the timing relationships between UL/DL control and data channels for HARQ operation. The timing for UEs operating or not operating coverage enhancement is proposed to follow the procedure as illustrated and we have the following proposals:

Proposal 1: The M-PDCCH monitoring subframes should be UE-specifically configurable for MTC UEs in normal coverage.

Proposal 2: For unicast DL HARQ operation for MTC UEs in normal coverage, the timing relationships can follow the procedure illustrated in Figure 1 or Figure 2, depending on the offsets between M-PDCCH monitoring subframes.

Proposal 3: Further study the overlapping issue between M-PDCCHs of different HARQ processes for PUSCH transmission.

Proposal 4: For unicast DL HARQ operation for MTC UEs operating coverage enhancement, the timing relationships can follow the procedure illustrated in Figure 4(a).
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