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1. Introduction
During the RAN1#86bis meeting, the techniques to improve the data rate including the HARQ-ACK bundling, up to 10 HARQ process number and support of wider bandwidth were discussed and the following agreements were achieved [1].
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In this contribution, we will continue the discussion on the remaining issues of HARQ-ACK bundling, up to 10 HARQ processes and wider bandwidth for BL UEs. Based on the discussion, our views will be shared. 
2. Discussion
2.1. HARQ bundling design

One remaining issue for HARQ-ACK bundling is to clarify the condition to employ HARQ-ACK bundling. We prefer only applying HARQ-ACK bundling in the non-repetition case (no MPDCCH repetition, no PDSCH repetition and no PUCCH repetition) due to the following motivations,
· HARQ-ACK bundling is mainly applied to improve the DL throughput in good coverage scenario, where non-repetition transmissions would be the general situation

· In Rel-13 eMTC TDD system, HARQ-ACK bundling is only supported for the case of no repetition for PDSCH and MPDCCH 
· Supporting repetitions would complicate the HARQ-ACK bundling procedure
Proposal 1: HARQ-ACK bundling is only supported in the non-repetition case 
HD-FDD UE can support flexible DL/UL switch, so more flexible HARQ-ACK bundling scheme than Rel-13 TDD system can be supported. The flexible HARQ-ACK bundling scheme can be enabled by HARQ-ACK bundle window. HARQ-ACKs of all the PDSCHs within this window will be bundled as shown in Fig. 1. Additionally, one or multiple HARQ-ACK bundles can be supported for PDSCH scheduling before switching to UL to avoid the switch gap between DL and UL, e.g., if the last bundle window stops in subframe n, the corresponding HARQ-ACK can be transmitted in subframe n+4, and HARQ-ACK(s) for previous bundle window(s) can be transmitted in subframes adjacent to subframe n+4. 
One thing should be clarified for this flexible HARQ-ACK scheme is whether PDSCHs should be continuously scheduled or not for a given FeMTC UE. As stated in [2], the benefit of supporting contiguous PDSCH transmissions is to guarantee the peak data rate. However, requiring contiguous PDSCH scheduling within the HARQ-ACK bundle window would impose significant restriction on eNB’s scheduling. For example, FeMTC UEs would occupy the resource for multiple subframes and eNB can’t assign the resource to other service which requires higher data rate as well. Therefore, we prefer to keep the scheduling flexibility within the HARQ-ACK bundle window. Since eNB can still assign all the subframes within the HARQ-ACK bundle window to FeMTC UEs, the peak data rate can still be maintained without affecting the scheduling flexibility. Since DAI can be included in the DCI to indicate the amount of scheduled PDSCHs, FeMTC UE could distinguish MPDCCH missing and DTX. So there is no impact on the bundling, neither. 
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Figure 1 Example of PDSCH scheduling within the HARQ-ACK bundle window 
Proposal 2:  For a given UE, associated PDSCHs can be scheduled contiguously or discontinuously within the HARQ-ARQ bundle window   
2.2. Up to 10 HARQ process
As agreed in RAN1#86bis meeting, up to 10 HARQ processes can be supported. To indicate 10 DL HARQ processes, the existing 3-bit field of HARQ process number (HPN) in DCI is not sufficient. To avoid additional DCI overhead, we consider reusing some redundant bits to extend the field of HPN. When there are 8 parallel HARQ processes, there are 2 PDSCH transmissions with repetitions at most and the remaining PDSCHs should be transmitted without repetition as shown in Fig. 2, where the number in the box denotes HARQ process number. For the transmissions without repetition, frequency hopping can’t be performed and then the frequency hopping flag in the DCI is redundant. We can consider reusing this bit to extend the field of HPN in DCI when PDSCH is transmitted with 1 repetition. 
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Figure 2 Maximum 2 PDSCH transmissions with repetitions exist when there are 8 parallel HARQ processes
As shown in the table 1, when the number of the PDSCH repetitions is 1, then the field of HARQ process number is constructed by the original field of HPN and the original frequency hopping field. Otherwise, only the original field of HPN is used for the HARQ process indication. 
Table 1 Construction of field of HPN
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Proposal 3: Investigate solutions to support up to 10 DL HARQ processes without increasing the overhead of DCI

2.3. Support of increased bandwidth for BL UE
For BL UEs, wider operation bandwidth of 5 MHz is supported. The remaining issue is to determine the maximum allocatable resource for PDSCH/PUSCH between24 PRBs and 25 PRBs. As Rel-13 eMTC operation bandwidth is 6 PRBs, for better co-existence with Rel-13 eMTC UEs, multiple of 6 PRBs (e.g., 24 PRBs) could be slightly preferable. 
Another remaining issue for the support of wider bandwidth is the exact resource assignment. Since there was discussion on activating the functionality of supporting wider bandwidth in semi-static way via high layer signaling or in dynamic way through the DCI indication, we will discuss the resource assignment for both cases respectively. 

Case 1: Support of the wider bandwidth is enabled in semi-static way
In this case, we consider the principle of resource assignment for Rel-13 eMTC can be reused, in which a wider narrow band (WNB) is firstly determined and then further resource allocation is performed within the WNB. 
For the determination of wider bandwidth, the following two options are possible 

· Option 1: Predefine the WNB and index them in ascending order in frequency.  As shown in Fig. 3, NB#0 to NB#3 form WNB#0 and NB#4 to NB#7 form widerWNB#2.  A field in DCI informs UE of the index of the WNB. 
· Option 2: DCI only indicates the index of the starting NB and the subsequent 4 NBs form the WNB. In this case, the existing NB indication field can be reused. As shown in Fig. 4, DCI indicates the starting index of WNB as NB#2, then the WNB is determined as frequency resource including NB#2 to NB#5.
As for the resource allocation within a WNB, the principle of type 2 resource allocation can be followed. The resource allocation granularity can be one PRB. Alternatively, to reduce the signaling overhead, RB group (RBG)-based resource allocation can be considered as well. For example, as shown in Fig. 5, one RBG comprised of 4 RBs is regarded as resource allocation granularity, then 5 bits in DCI is enough for type-2-based resource allocation. As the other example, one RBG can be comprised of 6 RBs or 1 NB, then RBG-level resource allocation is identical to the NB-level allocation.
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Figure 3 Predefined WNB 
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Figure 4 Determine the WNB by indication of the starting NB 
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Figure 5 RBG-based resource allocation 
Case 2: Support of the wider bandwidth is enabled in dynamic way

In this case, similar to the case of semi-static configuration, we consider reusing the resource assignment principle in Rel-13 eMTC. Different from case 1, not only the resource allocation but also distinguishing operation bandwidth via DCI should be taken into account. In addition, to avoid the increase of DCI blind decoding, it is better to reuse the Rel-13 DCI format. In Rel-13 DCI format, the field for the NB indication and the field for the PRB allocation within the indicated NB is included. We could reuse these fields for the resource assignment and distinguishing operation bandwidth. 
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Figure 6 Example of how to reuse the exiting resource allocation field

One example of how to reuse the existing fields is shown in Fig. 6. The exiting NB indication field can be reused for the wider NB determination as explained in Option 2 of Case 1. In existing 5 bits PRB resource allocation field, since only 21 statuses are occupied by current Rel.13 eMTC, and there are 11 redundant statuses. These redundant statuses can be utilized for distinguishing the operation and indication of resource allocation within the WNB. For example, in this case, NB-level resource allocation can be considered and then 10 statuses are required if type-2-based resource allocation is reused. In addition, if the 5 bits PRB field indicates one of these 10 statuses, it implicitly implies that wider operation bandwidth is enabled. 
Assuming keeping the same resource allocation overhead with that in Rel-13 eMTC and keeping the same flexibility for the WNB determination, it can be derived that the resource allocation granularities within the  WNB are 4 PRBs and 6 PRBs for semi-static method and dynamic method, respectively. That is to say finer resource allocation granularity within wider operation bandwidth can be achieved in semi-static method. Since there is no restriction to keep the same DCI payload size with Rel-13 eMTC UE in semi-static method, even finer resource allocation granularity can be supported with more DCI overhead to achieve more flexibility.  In addition, considering that other Rel-14 FeMTC functionalities such as HARQ bundling is enabled in semi-static way, we prefer to enable the functionality of wider operation bandwidth in semi-static way as well
Proposal 4:  The resource allocation principle for Rel-13 eMTC can be reused, e.g., the wider bandwidth is determined/indicated and PRB-level/RBG-level resource allocation is further performed within the wider bandwidth 
Proposal 5: Enable the functionality of wider operation bandwidth in semi-static way 

3. Conclusion
In this contribution, we discussed the remaining issues for the techniques improving data rate. Based on the discussion, our views are summarized as follows
Proposal 1: HARQ-ACK bundling is only supported in the non-repetition case 
Proposal 2:  For a given UE, associated PDSCH can be scheduled contiguously or discontinuously in the HARQ bundle window   

Proposal 3: Investigate solutions to supporting up to 10 DL HARQ processes without increasing the overhead of DCI

Proposal 4:  The resource allocation principle for Rel-13 eMTC can be reused, e.g., the wider bandwidth is determined/indicated and PRB-level/RBG level resource allocation is further performed within the wider bandwidth 

Proposal 5: Enable the functionality of wider operation bandwidth in semi-static way 
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Agreements:


HARQ-ACK bundling is supported in CE Mode A in HD-FDD.


HARQ-ACK bundling is not supported in CE Mode B.


FFS whether HARQ-ACK bundling is supported in CE Mode A in FD-FDD.


FFS whether HARQ-ACK bundling is supported for PUCCH repetition case.


FFS whether HARQ-ACK bundling is supported for PDSCH repetition case.


FFS whether HARQ-ACK bundling is supported for MPDCCH repetition case.


One or multiple HARQ-ACK bundles can be supported for PDSCH scheduling before switching to UL.


HARQ-ACK bundle size is defined as the number of PDSCH transmissions (corresponding to different HARQ processes) with a joint HARQ-ACK feedback.


The maximum HARQ-ACK bundle size is 4.


FFS: maximum number of HARQ-ACK bundles before switching to UL


Agreements:


For HD-FDD and FD-FDD,


Support for max 10 DL HARQ processes in CE mode A is introduced for Rel-14 BL UEs


A 1.4-MHz BL UE supporting max 10 DL HARQ processes has the same required soft buffer size as Rel-13 Cat-M1 UE


Agreements:


For the 5-MHz BL UE,


The maximum reception bandwidth is 25 PRBs.


The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.


The maximum transmission bandwidth is 25 PRBs.


The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.


FFS: The eNB enables the larger bandwidth and larger TBS by RRC reconfiguration.
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