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1 Introduction
During the RAN1 #98b meeting, issues related to scheduling of multiple DL/UL TBs were discussed and the following progress was reached [1]. 
	Agreement
The unicast multi-TB feature is enabled separately for DL and UL
Agreement
For unicast, scheduling gaps can be configured separately for DL and UL by RRC

· Dynamic activation/deactivation of scheduling gaps via DCI is FFS.

Agreement
For UEs that support multi-TB scheduling with HARQ-ACK bundling, the bundling is enabled/disabled/configured by RRC and the actual bundle size is indicated by DCI

Agreement
· For UEs that support multi-TB scheduling with HARQ-ACK bundling, the maximum bundle size is 4.

· Strive to reuse Rel-14 HARQ-ACK bundling feature as baseline at least for the non-interleaving case

Agreement
· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on MCS.

· FFS for > 2TBs
· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on RA.

· FFS for > 2TBs
· FFS for CE mode B
Agreement
For DCI contents for scheduling multiple DL/UL transport blocks for CE mode A, down select one from following options in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.
· Option 1
· Option 3/5
Agreement
For unicast in CE mode A, for the purpose indicating the number of TBs, select Option 2, i.e.:

· A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs

· FFS: Details on how to indicate the exact number of TBs in case it is multiple

Agreement
For unicast in CE mode B, for the purpose indicating the number of TBs, select Option 2, i.e.:

· A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs

· FFS: Details on how to indicate the exact number of TBs in case it is multiple

Conclusion

For multicast, interleaving is not supported

Agreement
For multicast, the scheduling gap configuration indicates:

· Scheduling gap duration with granularity(FFS)

· FFS: Scheduling gap periodicity

· FFS: Other scheduling gap properties

Agreement 

For unicast, the scheduling gap configuration indicates:

· Scheduling gap duration with granularity(FFS)

· FFS: Scheduling gap periodicity

· FFS: Scheduling gap time offset

· FFS: Threshold for enabling scheduling gap 

Agreement
For unicast, a scheduling gap containing an MPDCCH transmission can be used for indication of early termination of ongoing PUSCH transmission(s).

· FFS: Whether a UE is required to monitor MPDCCH during the scheduling gap

· FFS: Whether the above also applies for PDSCH

Agreement
Unicast multi-TB scheduling can be configured and used together with at least the following other features:

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

FFS till RAN1#99 whether unicast multi-TB scheduling can be configured and/or used together with the following other features:

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

· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A

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

· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B

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

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

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

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

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

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

· Any other feature that was supported since Rel-13 LTE eMTC




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 HARQ feedback design. Based on the discussion, our views will be revealed accordingly.  
2 Discussion
2.1 Scheduling gap design
During the last meeting, it was agreed that scheduling gap for multiple transmission block is supported. Then, one remaining issue is the detailed configuration manner. Since in each scheduling, the scheduled number of TBs or the configured number of repetitions would be different. In some cases, scheduling gap is beneficial to the performance while in some other case there is no need for the scheduling gap. Thus, based on the dynamic change of scheduling situation, hybrid way can be considered. The support of scheduling gap can be configured in semi-static way, while it can be further activated or deactivated in dynamic way to match different scheduling case.  The first option is to utilize one field in DCI to activate or deactivate the scheduling gap. The second option is that the scheduling gap is activated or deactivated automatically according to the number of scheduled TBs or repetitions. For example, one threshold for the number of scheduled TBs can be defined. When the number of scheduled TBs exceeds this threshold, the scheduling gap is activated automatically. Otherwise, the scheduling gap is deactivated.  Compared with the first option, we prefer the second option due to less overhead increase in DCI. 
Proposal 1: 
· The configuration of the scheduling gap can be performed in hybrid way
· The support of scheduling gap is configured in semi static way 

· The scheduling gap can be activated/deactivated according to the number of scheduled TB or the number of repetitions 
2.2 Interleaving transmission 
During the previous meeting, the interleaving transmission was agreed. And the remaining issue is how to design the interleaving pattern. Two aspects are related the pattern design of interleaving transmission. One is how many TBs are involved in the interleaving transmission and the other is the interleaving granularity. 

For the number of TBs involved in one cycle of interleaving transmission, the simplest way is to let all the scheduled TBs get involved in one cycle of interleaving transmission. By doing this, the repetitions of each TB can be distributed as far as possible so as to harvest more time diversity gain. However, on the other hand, this would prolong the overall active time on the UE side compared with the non-interleaving transmission due to the HARQ feedback delay. Even if for the first TB, the corresponding HARQ feedback can only be performed until the time close to the transmission ending time as shown in Fig.1, which is not good for the power saving on the UE side. To balance the time diversity gain and the power consumption, we propose that the number of TBs involved in one cycle of interleaving transmission can be configured.
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Figure 1 Comparison in the starting time of HARQ feedback between interleaving transmission and non-interleaving transmission
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 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. 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, a set of candidate interleaving granularity can be defined, and the higher layer signalling can indicate one value for the interleaving transmission. As for the set of candidate interleaving granularity, it can be the same with the set of frequency hopping interval. 
When frequency hopping is enabled, how to handle the relationship between the time interleaving and frequency hopping should be discussed as well. For 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.2. In this case, the frequency hopping and interleaving transmission should be coordinated carefully so as to harvest both the frequency diversity gain and time diversity gain. 
To achieve the purpose of harvesting the time diversity gain and frequency diversity gain simultaneously, two options can be considered. The first option is to set the interleaving granularity(T_ch) as multiple of the frequency hopping interval (F_ch) to ensure the repetitions of one TB can be distributed in different narrow bands, for example, T_ch=M_nb*F_ch and M_nb is the number of narrow bands for frequency hopping as shown in Fig.3.  And the second option is to keep the interleaving granularity (T_ch) the same as the frequency hopping interval configured in the SIB denoted as F_ch. For the whole multi-TB transmission, the narrow band used for transmission is switched every （M_tb*T_ch）subframes, where M_tb is the number of TB involved in the interleaving transmission as shown in Fig.4. From the point of one TB, the repetitions of one TB is distributed in different narrow bands and different time in the second option. Furthermore, the interleaving granularity is smaller than that in option 1. Thus, we slightly prefer the second option.  
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Figure 2 Example of frequency hopping gain loss in the case of time interleaving
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Figure 3 Example of option 1
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Figure 4 Example of option 2
Proposal 2:

· The number of TBs involved in one cycle of interleaving transmission can be configured

Proposal 3:

· When frequency hopping is NOT enabled, the granularity for the time interleaving is configured via higher layer signalling 
Proposal 4: 
· When frequency hopping is enabled
· The granularity for the time interleaving equals to the frequency hopping interval
· The narrow bands used for the whole multi-TB transmission is switched every (M_tb*F_ch), where M_tb is the number of TBs involved in the interleaving transmission and F_ch is the frequency hopping interval configured in SIB
2.3 HARQ feedback 
Two aspects are related to the HARQ feedback. One aspect is the PUCCH resource determination and another aspect is the timing relationship. We will discuss these two issues one by one in this section. 
For the scheduling of single TB, the PUCCH resource is derived based on the lowest CCE index of the associated MPDCCH and the ARO carried by the DCI. For the scheduling of multiple TB, multiple TBs share one MPDCCH. How to derive the PUCCH resources for the HARQ of multiple TBs should be defined. One simple solution is to reuse the legacy principle. The PUCCH resource for the HARQ of each TB is determined by the lowest CCE index of the sharing MPDCCH and the common ARO in the DCI. 
For multi-TB scheduling, both one-to-one HARQ feedback and the HARQ bundling are supported. For the manner of one-to-one HARQ feedback , HARQ is transmitted k (e.g., 4) subframes after the end of PDSCH in the case of single TB scheduling. In the multi-TB scheduling, reusing the legacy timing relationship may incur the HARQ transmission overlapping in time domain，especially in the case of interleaving transmission. In the situation of interleaving transmission, the ending timing of each TB is close to each other and then the start of each HARQ transmission would get close to each other. When repetition is performed, overlapping in time domain happens as shown in Fig. 5.  To avoid this situation, two possible solutions can be considered. One is to just use the HARQ bundling transmission when there is such problem。 However this solution would impose certain restriction on the HARQ feedback manner. Another solution is to modify the HARQ feedback timing to ensure there is no HARQ transmission overlapping. To be specific, assume the ending time of TBj is subframe 
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is the ending subframe of the HARQ feedback transmission of the last TB. 
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Figure 5 Example of HARQ feedback overlapping in time domain

Proposal 5:

· The PUCCH resource for the HARQ transmission follow the existing way 

Proposal 6:  

· For one-to-one mapping, the HARQ transmission for TBj starts at subframe max {
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 is the ending subframe of TBj， k the legacy timing offset between the PDSCH ending and the starting of corresponding HARQ , 
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is the ending subframe of last TB. 
3 Conclusion
In this contribution, we discussed the remaining issues of multi-TB scheduling. Our views are summarized as follows 
Proposal 1: 
· The configuration of the scheduling gap can be performed in hybrid way. 

· The support of scheduling gap is configured in semi static way 

· The scheduling gap can be activated/deactivated in dynamic way
Proposal 2:

· The number of TB involved in one cycle of interleaving transmission can be configured

Proposal 3:

· When frequency hopping is NOT enabled, the granularity for the time interleaving is configured via higher layer signalling 
Proposal 4: 

· When frequency hopping is enabled
· The granularity for the time interleaving equals to the frequency hopping interval

· The narrow bands used for the whole multi-TB transmission is switched every (M_tb*F_ch), where M_tb is the number of TBs involved in the interleaving transmission and F_ch is the frequency hopping interval configured in SIB
Proposal 5:

· The PUCCH resource for the HARQ transmission follow the existing way 

Proposal 6:  

· For one-to-one mapping, the HARQ transmission for TBj starts at subframe max {
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 is the ending subframe of TBj， k the legacy timing offset between the PDSCH ending and the starting of corresponding HARQ , 
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is the ending subframe of last TB. 
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