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1 Introduction
During the RAN1 #96bis meeting, issues related to scheduling of multiple DL/UL TBs were discussed and the following progress was reached [1]. 
	Agreement

For unicast, the UE is configured for interleaved transmission of subframe repetitions of the respective TBs separately for DL and UL via RRC signalling.

Agreement 

For CE mode A, HARQ ACK/NACK feedback bundling on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI (details FFS). If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback

· FFS: Maximum bundle size
Agreement 

For the DL unicast for a UE, when multiple TBs are scheduled by one DCI, the parameter value for number of PDSCH repetitions is the same across all the TBs scheduled by that DCI, and there is only a single parameter field for number of MPDCCH repetitions and only a single parameter field for SRS request


In this contribution, we will continue the discussion on remaining issues of the multi-TB scheduling from the aspects of scheduling gap, interleaved transmission and support of Rel-14/15 features. Based on the discussion, our views will be revealed accordingly.  
2 Discussion
2.1 Scheduling gap 
For UE in CE mode, a large number of repetitions would be required to satisfy the coverage requirement. When multiple TBs are scheduled, the resource would be occupied for a long time, which would impact the scheduling of other normal UEs. In this case, scheduling gap was proposed by [2][3][4]. On the other hand, introducing scheduling gap would suffer the risk of increased transmission delay , power consumption and scheduling complexity as pointed in [5][6][7]. 
From our perspective, we slightly prefer to support the scheduling gap. The scheduling gap can be configured in UE-specific way. When scheduling gap is configured, during the scheduling gap UE could go to sleep, so the power consumption is not a big issue. As for the delay, since most MTC services are delay tolerant, even if there is some service sensitive to the delay, scheduling gap can be disabled for that kind of service. In this case, delay would impact the performance little. As for the scheduling complexity, it is up to network operator’s scheduling algorithm. If the network operator would like to harvest the scheduling gain at the cost of acceptable scheduling complexity increase, scheduling gap could be enabled, otherwise scheduling gap can be disabled. 
Proposal 1: Scheduling gap is supported and can be configured in UE-specific manner 
2.2 Interleaving transmission 
During the last meeting, the interleaved transmission was agreed. And the remaining issue is how to design the interleaving pattern. 
To harvest full time diversity, the interleaving granularity should be as small as possible. For example, for MTC, the granularity for interleaving transmission could be one TB as shown in Fig.1 and for NB-IoT, the interleaving granularity for interleaving transmission could be 1 subframe. However, in some cases, small granularity setting for interleaving transmission would sacrifice the channel estimation accuracy and I/Q combing gain. Thus the granularity for interleaving transmission should be set properly to balance the time diversity gain, channel estimation accuracy and I/Q combing gain. 

Similar to the frequency hopping design, the granularity for interleaving transmission could be Z repetitions as shown in Fig.2. For one TB, cross subframe channel estimation and I/Q can be performed within this basic unit and time diversity can be achieved across different basic units. Similar to the way in frequency hopping, the value of Z can be configured via RRC signalling. 
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Figure 1 Example of setting 1 repetition of one TB as interleaving granularity
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Figure 2 Example of setting 2 repetitions of one TB as interleaving granularity
When frequency hopping, RV cycling is enabled, how to handle the relationship between the time interleaving and frequency hopping or RV cycling was discussed as well. Take the case of frequency hopping as an example. When the hopping granularity and interleaving granularity are both set as 2 and the NB for hopping is set as 2, then the NB would keep the same for all the repetitions of one TB, which can’t achieve the frequency hopping gain as shown in Fig.3. In this case the frequency hopping and RV cycling need redesign in the case of time interleaving.  One simple way is to perform frequency hopping or RV cycling on the basis of relative subframe index within each TB repetitions instead of on the basis of absolute subframe index as shown in Fig.4. Then the repetitions of one TB can be located in different NB or coded with different RV. In addition, to facilitate the operation, the granularity of time interleaving can be set the same with the granularity of frequency hopping or RV cycling. 
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Figure 3 Example of frequency hopping gain loss in the case of time interleaving
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Figure 4 Example of frequency hopping on the basis of subframe within repetitions of one TB
Proposal 2:

· The granularity for time interleaving is Z
· Z is configured via RRC when frequency hopping or RV cycling is NOT enabled 
· Z equals to the granularity of frequency hopping or RV cycling when frequency hopping / RV cycling is enabled. 

Proposal 3: 
· When time interleaving is configured, frequency hopping or RV cycling is performed on the basis of relative subframe index within repetitions of each TB instead of absolute subframe index 
2.3 Support of Rel-14/15 features 
During the last meeting, companies are encouraged to provide their preference on which Rel-14/ Rel-15 features could be configured / use in combination with multi-TB scheduling. In this section, here we simply share our views. 
	Features
	Our view

	Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A


	Support

	Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A


	Support 

	Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A


	NOT supported :
The HARQ bundling is already supported in CE mode A, then the bundling pattern can be carefully designed to achieve similar performance with the Rel-14 HARQ-ACK bundling in HD-FDD in CE mode A

	Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A


	FFS: it is up to how to design the HARQ process ID indication in DCI. This feature should not be used If large increase of DCI size is required to support it 

	Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A


	FFS: it is up to how to design the timing relationship between PDSCH and PUCCH in the case of multi-TB scheduling 

	Rel-15 feature for flexible starting PRB for PDSCH/PUSCH in CE mode A/B


	Support 

	Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B


	Support

	Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A


	Support

	Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
	Support


3 Conclusion
In this contribution, we discussed the remaining issues of multi-TB scheduling. Our views are summarized as follows 
Proposal 1: Scheduling gap is supported and can be configured in UE-specific manner 
Proposal 2:

· The granularity for time interleaving is Z

· Z is configured via RRC when frequency hopping or RV cycling is NOT enabled 

· Z equals to the granularity of frequency hopping or RV cycling when frequency hopping / RV cycling is enabled. 

Proposal 3: 

· When time interleaving is configured, frequency hopping or RV cycling is performed on the basis of relative subframe index within repetitions of each TB instead of absolute subframe index 
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