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1 Introduction
During the RAN#86 meeting, one work item was set to study the further enhancement on the MTC/NB-IoT. Regarding the objectives to specify 16-QAM for NB-IoT and 14-HARQ processes for HD-FDD LTE-MTC, the purpose is to have a peak data rate increase whilst retaining differentiation between LTE-MTC and NB-IoT. 
	· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]

· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 

· Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]

· Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].

· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.). [NB-IoT] [RAN2, RAN3]

· For UEs supporting PUSCH sub-PRB resource allocation, study and if found feasible, specify support power reduction for PRACH, PUCCH, and full-PRB PUSCH, with a maximum reduction of e.g. 3 dB below sub-PRB PUSCH power. [LTE-MTC] [RAN4]


In this contribution, we focus our discussion on the topic of supporting additional scheduling delay for introduction of 14 HARQ process in DL for HD-FDD. Possible solutions to support the 14 HARQ process is to be discussed in the following section. Based on the discussion, we will present our view accordingly. 
2 Discussion
2.1 Relationship between support of additional scheduling delay and the support of 14 HARQ process
One target of the release 17 MTC/NB-IoT enhancement is to support additional scheduling delay for introduction of 14 HARQ process. Here are two potential UE features. One is the support of additional scheduling delay and the other is the support of 14 HARQ processes. In our opinion, the relationship between these two UE features should be clarified. 
For these two potential UE features, supporting additional scheduling delay does not depend on the support of 14 HARQ processes, while for the UE feature of supporting 14 HARQ process, it highly relies on the support of additional scheduling delay. Considering this relationship, there are two options for the UE feature definition and configuration 

· Option 1:  these two UE features are linked with each other and should be used simultaneously. For example, UEs need to support them simultaneously rather than supporting one of them. And similarly, on the network side, these two potential features are also configured simultaneously. In this case, one combined feature can be defined to include these two UE features. 

· Option 2: these two UE features are defined separately and the UE feature of additional scheduling delay can be reported and configured independently. For UEs supporting additional scheduling delay, they are not required to support the feature of 14 HARQ process. And when network configure the use of additional scheduling delay, it doesn’t imply the configuration of 14 HARQ process.  While for UE supporting 14 HARQ process, it is required to support additional scheduling delay. So, when UE report the support of 14 HARQ process, it implicitly indicates the capability of supporting additional scheduling delay. Accordingly, on the network side, when it configures the usage of the 14 HARQ process, it implicitly indicates that additional scheduling delay is to be used as well. 
For the 2 options, we slightly prefer the second one. As the benefits of supporting additional scheduling is not only increasing peak data rate, it also helps to reduce the active time on the UE side. Additional scheduling delay allows to transmit MPDCCH before the HARQ transmission and then the scheduling is not interrupted significantly compared with the situation with fixed scheduling delay. Then the active time on UE side can be shorten and power consumption will be reduced accordingly.  Furthermore, it offers more scheduling flexibility on the network side. Considering these advantages, supporting separate UE feature definition and configuration should be given more priority. 

Proposal 1: The relationship between UE feature of supporting additional scheduling delay and UE feature of supporting 14 HARQ processes should be clarified 
2.2 Scheduling delay determination
In the previous release, the scheduling delay for MPDSCH is fixed as 2 ms for HD-FDD. In release 17, additional scheduling delay is to be introduced. Two main issues are what the scheduling delay values are and how to determine the scheduling delay on UE side. For handling these two issues, there are two options. 
· Option 1: Define a set of candidate scheduling delay and utilize several bits in the DCI to indicate the exact value of scheduling delay. The set of candidate scheduling delay is common for all UEs just as the HARQ feedback delay. As for the scheduling delay indication, introducing new field or reusing the existing field can be considered 

· Option 2: The scheduling delay is determined based on rule. For example, the MPDSCH scheduling is always interrupted by the UL HARQ operation including the UL-DL switching time and the subframe carrying HARQ. In this case, the pre-defined rule can be set based on the UL HARQ operation as shown in Fig.1. 
· If the scheduled MPDSCH is not collided by the UL HARQ operation: the scheduling delay is still 2ms. As shown in Fig.1, the scheduling of MPDSCH#1-MPDSCH#5 does not collide with subframes related to UL HARQ operation, then for these MPDSCHs, the scheduling delay still kept as 2ms 
· If the scheduled MPDSCH is collided by the UL HARQ operation: additional scheduling delay is applied and scheduled MPDSCH is transmitted in the first available subframe after UL HARQ operation. In the example of Fig.1, if scheduling delay of 2ms is applied, the transmission of MPDSCH#6 and MPDSCH#7 collides with the subframes related to UL HARQ operation. So, based on the rule, the transmission of MPDSCH#6 and MPDSCH#7 are postponed in the first available subframes after the transmission of HARQ operation. 
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Comparing these 2 options. We prefer option 2. In option 2, there is no increase in the DCI size or there is no effort required for the redesign of DCI. Maybe there is statement that, the flexibility in option 2 is inferior to that of option 1. However, expect the case of PDSCH interrupted by e.g., HARQ, we don’t see no strong need to support the scheduling flexibility in other case. Thus, the motivation of supporting full flexibility is weak. Thus, we recommend to consider utilizing predefined rule to determine the scheduling instead of indicating the scheduling delay via DCI. 
Proposal 2: Consider to determine the scheduling delay based on pre-defined rule instead of indication via DCI
3 Conclusion
In this contribution, we discuss the issues related to supporting additional scheduling delay for introduction of 14 HARQ processes, based on the discussion, our views are summarized as follows
Proposal 1: The relationship between UE feature of supporting additional scheduling delay and UE feature of supporting 14 HARQ processes should be clarified 

Proposal 2: Consider to determine the scheduling delay based on pre-defined rule instead of indication via DCI
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