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1. Introduction
At the RAN1 #82 and #82bis meeting, there were several agreements on timing relationship between physical channels. However, there are still several issues to be addressed and further discussed. In this contribution, we describe our views on those remaining issues regarding the scheduling relationship and HARQ timing relationship between the physical channels.
2. Time Relationship Between Physical Channels
2.1  Time Relationship Between M-PDCCH and PUSCH

At the RAN1#82 meeting, the following agreement regarding the time relationship between the M-PDCCH and PUSCH was reached.

· 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
In the above agreement, the subframe where the repetitions of the decoded M-PDCCH messages end is the last subframe on the search space where the M-PDCCH is detected and is not affected by early termination of the M-PDCCH decoding. The value of k remains FFS and needs to be decided. It would be straightforward to reuse the existing value of k, e.g., k=4 for FDD.
2.2  Timing Relationship Between PDSCH and PUCCH
There was also the following agreement regarding the time relationship between the PDSCH and PUCCH at RAN1 #82 meeting.

· 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 addition, at RAN1 #82bis meeting, further progress was reached as indicated as below
· PDSCH HARQ operation for LC/CE UEs is asynchronous and adaptive 

· This is the same as in legacy operation

The value of k remains FFS and needs to be decided. It would be also straightforward to reuse the existing value of k, e.g., k=4 for FDD.
2.3 Timing Relationship Between PUSCH and UL HARQ on M-PDCCH
At the RAN1#82bis meeting, the following progress regarding the timing relationship between PUSCH and UL HARQ on M-PDCCH was achieved. 
· Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous

· FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs

The value of timing offset between PUSCH and UL HARQ on M-PDCCH should be further determined. In the legacy UL HARQ, 4ms interval is used for the timing relationship between UL transmission and UL HARQ feedback, i.e. HARQ feedback A/N bit is sent 4ms after the UL transmission. For the M-PDCCH transmission without repetition, the legacy timing relationship can be maintained. However, this timing relationship needs to be changed for MTC UEs performing M-PDCCH repetitions.
For the M-PDCCH transmission for the UEs operating CE, it was agreed that the possible starting subframe of repetition is restricted. One example is illustrated in Figure 1 where the starting subframes for monitoring the M-PDCCH are periodically appeared. Due to this restriction, the UL HARQ feedback possibly faces the problem that there is no available M-PDCCH starting subframe when performing UL HARQ feedback if the existing UL HARQ timing is reused. As shown in Figure 1, HARQ on the M-PDCCH is required to be transmitted in subframe n + 4 based on the existing UL HARQ timing while subframe n + 4 is no longer the candidate M-PDCCH starting subframe due to the restriction.
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Figure 1.  Uplink HARQ timing problem due to restrictions of M-PDCCH starting subframe
In order to solve this problem, the following two alternatives can be considered.

– Alt 1: Flexible timing offset between UL data and HARQ feedback to fit the M-PDCCH starting time
– Alt 2: Additional M-PDCCH starting time set to maintain fixed timing offset between UL data and HARQ feedback 
In Alternative 1, the starting subframes for monitoring the M-PDCCH are periodically appeared and the timing for UL HARQ transmission is relaxed from traditional n + 4 to flexible n + x, where n is the last subframe of PUSCH transmission and n + x is the first candidate M-PDCCH starting subframes where the value of x is no smaller than 4 (x> or = 4 ms). As illustrated in Figure 2, from the perspective of UE behavior, MTC UEs start to detect the UL HARQ feedback from the first possible M-PDCCH starting subframe which necessitates the new UL HARQ timing rule.
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Figure 2.  Flexible timing offset
Alternative 2 introduces additional candidates for starting subframes of UL HARQ M-PDCCH transmission. The UL HARQ timing still satisfies a synchronous timing of k + 4 ms. As shown in Figure 3, the starting subframes for the M-PDCCH include two subsets:

· Subset 1: Subframes determined by repetition level or configured periodicity
· Subset 2: Subframes which need UL HARQ feedback
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Figure 3.  Additional subsets for starting subframe of M-PDCCH monitoring
When MTC UE operating CE expects a UL HARQ feedback from eNB, UE only needs to detect M-PDCCH-based UL HARQ feedback at the starting subframes belonging to Subset 2. Otherwise, UL grant and DL grant are both detected at the starting subframes which belong to Subset 1.

From the current observations, both alternatives have good properties of successful UL HARQ feedback and unambiguous UE behaviors. For both alternatives, standardization effort in defining M-PDCCH transmission set is inevitable, while Alt.2 could avoid additional effort in defining new asynchronous UL HARQ timing. In addition, Alt.2 shows some advantage in power saving over Alt.1 due to reduced active time. Hence, Alt.2 seems more desirable. 

Proposal 1: For the time relationship between the M-PDCCH and PUSCH, the existing value of k, e.g., k=4 for FDD, should be reused.

Proposal 2: For the time relationship between the PDSCH and DL HARQ, the existing value of k, e.g., k=4 for FDD, should be reused.
Proposal 3: F or the timing relationship between PUSCH and UL HARQ, the existing value of k , e.g., k=4 for FDD can be reused by defining additional  M-PDCCH starting subframes for the  UL HARQ transmission 

3. Same subframe scheduling

There was progress on another remaining issue regarding whether or not to support the same subframe scheduling for the UEs in normal coverage and the following working assumption was made.

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

With relation to the above working assumption, it was also agreed to support the same maximum number of DL and UL HARQ processes as for Cat-0 UE in Rel-12, i.e., 8 for FD-FDD. A potential issue caused by not supporting the same subframe scheduling is that the peak data rate can’t be achieved since the DL HARQ process needs more than 8 due to the retuning subframe. For example, assuming one subframe for retuning is reserved, the peak data rate is reduced by 8/9. However, a particular optimization for the FD-FDD wouldn’t be necessary as the HD-FDD may become more popular as the LC-MTC duplex mode. We also note that if the same-subframe scheduling is to be supported, the additional specification work, e.g., UE behavior, is foreseen. We would rather prioritize the completion of the specification work on the LC-MTC on schedule. Hence, we propose the following.
Proposal 4: Confirm the 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.
4. Conclusion

In this contribution, we addressed the remaining issues regarding the time relationship between the physical channels. According to the discussion above, we made the following proposals.
Proposal 1: For the time relationship between the M-PDCCH and PUSCH, the existing value of k, e.g., k=4 for FDD, should be reused.

Proposal 2: For the time relationship between the PDSCH and DL HARQ, the existing value of k, e.g., k=4 for FDD, should be reused.
Proposal 3: F or the timing relationship between PUSCH and UL HARQ, the existing value of k , e.g., k=4 for FDD can be reused by defining additional  M-PDCCH starting subframes for the  UL HARQ transmission 

Proposal 4: Confirm the 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.
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