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Introduction
In RAN1#82 [1], the followings were agreed related to cross-subframe scheduling. 

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

Agreement: 
· Handling of subframes not available for repetition
· Postpone repetitions till the next available subframe in case unavailable subframes are aligned between eNB and UE
· This is in line with the TDD behaviour of Rel-8 PUSCH TTI bundling and Rel-8 PUCCH HARQ-ACK repetition
· FFS whether or not there is misalignment between eNB and UE regarding the unavailable subframes and if so, how to handle

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

This contribution discusses the number of HARQ processes,  remaining details on HARQ processes and timing. Furthermore, it also discusses how to handle cross-narrowband case in the presence of invalid downlink/uplink subframes to support multiple HARQ processes. 

Discussion
Number of HARQ processes
For the number of DL HARQ processes supported in large repetition case, we consider single DL HARQ process could be sufficient. Particularly, considering half-duplex FDD, the benefits of supporting multiple HARQ processes are not clear. Supporting two DL HARQ processes could benefit for full duplex and TDD if the repetition numbers between downlink transmission and PUCCH are comparable. However supporting more than one HARQ processes may require some handling of possible collisions between transmissions such as collision between PUCCHs and collisions between initial transmission of the second HARQ and retransmission of the first HARQ process. Given that the benefits are not clear with more than HARQ process in spite of potential specification impacts, we propose to consider only one HARQ in large coverage case. 

Proposal 1: UE is expected to support no more than 1 DL HARQ process to receive unicast PDSCH. 

For UL HARQ process for large coverage case, though the benefit of time diversity could be achieved with interlaced transmission, if the packet is segmented into a few small fragmentations over multiple HARQ processes, it will also increase the overhead of CRC, etc. Also, the repetition number for PUSCH is generally very large in large coverage case, which also can bring time diversity without increasing the transmission latency. Considering this, we prefer to simplify the UL HARQ process as well. 

Proposal 2: UE is expected to support no more than 1 UL HARQ process to transmit PUSCH. 

In terms of small coverage (e.g., coverage enhancement to compensate single RX/RF and also narrowband), we consider flexiblility and high data rate supports are essential. Thus, we propose to take the same behavior between small coverage and normal coverage. 

Proposal 3: The UE is operating with small coverage, the same maximum number of DL and UL HARQ processes as for Cat-0 UE in Rel-12 are supported. 

Skipping behavior in repetition
As agreed in the last meeting, a UE expects that only valid subframes aligned between eNB and UE will be used for repetition. It is FFS whether there is any case the UE and eNB may have different understanding on the availability on subframe(s). Potential use cases of misalignment may occur when a UE autonomously switches frequency for reacquiring PSS/SSS and/or PBCH. Another possible case is that a UE is waiting for RAR responses which corresponds to PRACH triggered by a UE or reading paging. For PSS/SSS and/or PBCH acquisition, and paging, it can be left up to UE implementation how to handle the case. From the network perspective, those subframes will be counted as valid. For PAR responses, it is proposed to put higher priority on RAR reception over unicast transmission. Overall, it can be concluded that invalid subframes aligned between the network and a UE would be skipped during the repetition. For other cases, either it is up to the UE implementation or a priority mechanism to address collisions between two channels can address the issue. 
How to apply k
It is agreed that PDSCH comes after M-PDCCH with k gap to allow possibly frequency retuning. Even with small frequency retuning gap of 2 OFDM symbols, at least one subframe is needed between M-PDCCH and PDSCH as a UE needs processing time on M-PDCCH before it can switch to different narrowband. In enhanced coverage with the HARQ process restricted to 1, the invalid subframe can be also used for a frequency retuning gap. However, if multiple HARQ processes are considered, for example, in normal coverage, whether to allow counting invalid subframe for the gap between M-PDCCH and PDSCH needs further consideration. 

(1) k1 = 2 between M-PDCCH and PDSCH with cross-narrowband scheduling
When k1 =1 between M-PDCCH and PDSCH, if the n+k1 is invalid subframe, it can be postponed to the next available subframe. Since the same set of available subframes will be used for control and data, there is no ambiguity issue in this case. 
When k1 =2 between M-PDCCH and PDSCH, if subframe n+k1 is an invalid subframe, according to the agreement, it should delay PDSCH to one of upcoming available subframe. Using this option, handling of multiple HARQ-processes should be clarified. 
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[bookmark: _Ref419136652]Figure 1. Collision case when k1 = 2 among parallel HARQ processes

As shown in Figure 1, if k1 = 2 due to frequency retuning, possible collision can occur if two MBSFN subframes are considered as invalid downlink subframe. If M-PDCCH is scheduled in the first and second subframe, third and fourth subframes would be used for PDSCH transmission respectively where both subframes would be invalid subframe and thus collision at the next valid downlink subframe (5th subframe) can occur. To address this issue, two approaches can be considered. 
· Count only valid downlink subframes such that PDSCH is always scheduled after k1 valid subframe since M-PDCCH scheduling. In other words, PDSCH is scheduled in k1-th valid subframe after subframe n. In this case, PDSCH corresponding to M-PDCCH in first subframe will be transmitted in 4th subframe and PDSCH corresponding to M-PDCCH in the second subframe will be transmitted in 5th subframe. 
· Assume that frequency retuning subframe always occur in the next subframe of subframe where corresponding M-PDCCH is transmitted. In this example, a UE can assume that second subframe is used for gap subframe since it receives M-PDCCH in the first subframe. This approach may not be so efficient as valid downlink (second subframe) cannot be used for transmission of another M-PDCCH. 
Based on the observations, we propose to consider the first approach. 

Proposal 4: PDSCH is scheduled at k1-th valid downlink subframe after subframe n, where DL grant is transmitted in subframe n. 

Also, if consecutive M-PDCCHs schedule PDSCH with different narrowbands, a frequency retuning gap between two PDSCHs could be also needed. Since a UE can miss one of two M-PDCCHs, in such a case, the network should not schedule two PDSCHs in different narrowbands. If it is not avoided by the network scheduling, a UE can drop the latter one. If the network wants to allow this case, then similar to UL index, downlink index can be used as shown in Figure 2. DL index = 0 means that PDSCH is scheduled in n+k1 and DL index = 1 means that PDSCH is scheduled in n+k1+1. In other words, if DL index = 1, PDSCH is scheduled in k1+1-th valid donwilnk subframe after subframe n. 
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[bookmark: _Ref419535961]Figure 2. Example of DL index to allow consecutive M-PDCCH scheduling

(2) k2 between M-PDCCH and PUSCH and k3 between PDSCH and PUCCH
If all uplink subframes are not usable for PUSCH transmission, similar issue to PDSCH can exist. Examples of possible subframe where PUSCH transmission is not allowed would include subframe reserved for PRACH transmission in the same narrowband, subframe used for frequency retuning gap when frequency hopping across narrowbands is used, etc. If such an issue exists for UL transmission as well, we propose a similar approach to PDSCH timing. 

Proposal 5: In FDD, PUSCH is scheduled at k2-th valid uplink subframe after subframe n, where UL grant is transmitted in subframe n. In FDD, PUCCH is scheduled at k3-th valid uplink subframe after subframe n, where PDSCH  is transmitted in subframe n.

Timing relationship between channels
It was brought up that timing relationship can be relaxed to achieve higher data rate. As shown in  [2], it would be more appropriate to have four HARQ processes running in DL and UL respectively. To support it, we propose to utilizing valid DL and UL subframe configuration as the following. 
For example, valid downlink subframe can be configured as [111111000000] (in every 10msec) and valid uplink subframe can be configured as [111111011110]. If k2 between M-PDCCH and PUSCH counts only valid uplink subframes, and k1 between M-PDCCH and PDSCH counts only valid downlink subframe, the following shows an example of multiple HARQ processes. By utilizing invalid subframe configuration, without relaxing HARQ process explicitly, the peak data rate can be achieved when necessary. Thus, the relaxation of HARQ timing would not be necessary.

[image: ]
Figure 3. Illustration of Utilizing valid/invalid DL/UL subframes

Proposal 6: k1 for M-PDCCH and PDSCH is 2 when cross-narrowband scheduling is used. k2 for M-PDCCH and PUSCH is 4. k3 for PDSCH and PUCCH is 4. 

Remaining details on FFS points
1 Apply Case 1 to small coverage case: low complexity MTC UEs with single RX/RF chain, and reduced bandwidth capability, it may be necessary to use more than 1 repetitions for control and data channels. Particularly, for common data such as paging, RAR which are multiplexed with those of other UEs, normal UEs may require repeated transmissions on common data. In that regards, we consider the similar or same behaviour can be applied for normal and small coverage. Thus, Case 1 of cross-narrowband scheduling can be applied for small coverage case as well. 
2 Define Case 2: Case 2 may offer the benefit of reduced frequency retuning between M-PDCCH and PDSCH. Case 2 would make more sense for deep coverage case where frequency hopping over repetitions is used. If Case 2 is defined for deep coverage case, it can be considered to be used for small/normal coverage case as well. However, switching between Case 1 and Case 2 should not be dynamic. Rather, it should be semi-statically configured if supported.  When Case 2 is defined for normal/small coverage case, we consider using the same DCI format for Case 1 and 2 is desirable.
3 Scheduling supported in medium/large coverage case: it is our view that frequency hopping is used always for medium/large coverage case (if possible) to minimize the number of repetition. Also, it is not desirable to have subband CSI feedbacks in medium/high coverage in general. In that sense, we consider cross-narrowband scheduling may not be so essential for medium/high coverage. Thus, Case 2 can be used for medium/large coverage case. The details of DCI format used for medium/high coverage can be found in [3]. 


Proposal 7: The same narrowband is assumed for medium/high coverage case for data scheduling to minimize the DCI size. 

Proposal 8: If Case 2 is introduced, the same DCI format between Case 1 and Case 2 is assumed for normal/small coverage case. 

Conclusions
This contributiondiscussed timing details related to cross-subframe scheduling. The followings summairze the proposals. 

Proposal 1: UE is expected to support no more than 1 DL HARQ process to receive unicast PDSCH. 

Proposal 2: UE is expected to support no more than 1 UL HARQ process to transmit PUSCH. 

Proposal 3: The UE is operating with small coverage, the same maximum number of DL and UL HARQ processes as for Cat-0 UE in Rel-12 are supported. 
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Proposal 4: PDSCH is scheduled at k1-th valid downlink subframe after subframe n, where DL grant is transmitted in subframe n. 

Proposal 5: In FDD, PUSCH is scheduled at k2-th valid uplink subframe after subframe n, where UL grant is transmitted in subframe n. In FDD, PUCCH is scheduled at k3-th valid uplink subframe after subframe n, where PDSCH  is transmitted in subframe n.

Proposal 6: k1 for M-PDCCH and PDSCH is 2 when cross-narrowband scheduling is used. k2 for M-PDCCH and PUSCH is 4. k3 for PDSCH and PUCCH is 4. 

Proposal 7: The same narrowband is assumed for medium/high coverage case for data scheduling to minimize the DCI size. 

Proposal 8: If Case 2 is introduced, the same DCI format between Case 1 and Case 2 is assumed for normal/small coverage case. 
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