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1 Introduction
During the RAN1 #94 meeting, issues related to scheduling of multiple DL/UL TBs were discussed and the following progress was reached. 
	Agreement
Specify scheduling of multiple transport blocks for both CE Mode A and B
Agreement
The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
Agreement
When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].

· The number of blind decodes for MPDCCH is not increased as a result of scheduling multiple TBs
Conclusion

When multiple TBs are scheduled by one DCI, study interleaving amongst TBs from different HARQ process in cases of repetitions

· Companies are encouraged to submit evaluation results in the next RAN1 meeting

Agreement
One DCI to schedule multiple TBs for SC-MCCH is not supported
Working assumption

For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 




In this contribution, we will continue the discussion on remaining issues of the multi-TB scheduling from the aspects of interlacing transmission, HARQ feedback and early termination in multi-TB scheduling. Based on the discussion, our views will be revealed accordingly.  
2 Discussion
2.1 Interlacing transmission 
During the last meeting, transmitting multiple TBs in interlacing way were proposed by several companies [2][3][4]. As evaluated in [2], due to the time diversity, interlacing transmission could provide up to 2.4 dB gain when there are 8 TBs scheduled simultaneously and around 1 dB gain can be achieved when there are 2 TBs scheduled simultaneously. It can be observed that reasonable gain can be achieved at least when there are a large number of TBs scheduled. Thus, it is beneficial to support interlacing transmission at least when the number of scheduled TBs is large.
To harvest full time diversity, the basic unit for interlacing transmission should be as small as possible. For example, for MTC, the smallest basic for interlacing transmission could be one TB as shown in Fig.1 and for NB-IoT, the smallest basic unit for interlacing transmission could be 1 subframe. However, in some cases, small basic unit for interlacing transmission would sacrifice the channel estimation accuracy and I/Q combing gain. Thus the basic unit for interlacing 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 basic unit for interlacing transmission could be Z repetitions as shown in Fig.2 . For one TB, cross subframe channel estimation and I/Q can be performed within one 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 basic unit 
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Figure 2 Example of setting 2 repetitions of one TB as basic unit

Proposal 1:

· Support interlacing transmission when the number of scheduled TBs is larger than X

· FFS the X value 

· The basic unit for interlacing transmission includes Z repetitions of one TB

· Z is configured via RRC

2.2 HARQ feedback 

When one DCI schedules multiple TBs, the straightforward way of HARQ feedback is to perform the one-to-one feedback as shown in Fig.3. However, this kind of feedback manner may not be beneficial to resource utilization and power saving. In this case, certain group feedback manner can be considered to solve these problems. For example, the scheduling of multiple PDSCH TBs, the ACK/NACK of each TB are transmitted in one PUCCH as shown in Fig.4. HARQ bundling or HARQ multiplexing are possible solutions to handle the multiple ACK/NACKs in one PUCCH. 
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Figure 3 One-to-one HARQ feedback
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Figure 4 Group HARQ feedback
The HARQ bundling was already supported in release 14, less specification effort is expected. But on the other hand, it suffers low feedback efficiency since once there is one NACK feedback, all the bundled TBs would be retransmitted. From the perspective of feedback efficiency, multiplexing manner is more desirable. Thus, performing HARQ feedback for multiple TBs via HARQ multiplexing manner can be considered as well. 
The principle of HARQ multiplexing is to indicate multiple ACK/ACKs via both PUCCH and PUCCH resource selection among multiple PUCCH resources. In previous release, multiple PUCCH resources are derived from corresponding PDCCHs of multiple TBs. However, when one PDCCH schedules multiple PDSCH TBs, how to derive multiple PUCCH resources via one PDCCH should be solved. One possible solution is to derive one base PUCCH resource based on this PDCCH, and derive the remaining PUCCH resources by adding certain offsets to this base PUCCH resource.  Alternatively, RRC can directly configure multiple PUCCH resources for channel selection. 
Proposal 2: Consider group HARQ feedback for multi-TB scheduling

· Both HARQ bundling and HARQ multiplexing can be considered for DL HARQ 
2.3 Early termination for multi-TB scheduling 
In release 15, early termination was introduced for power and resource saving. For multi-TB scheduling, this feature can be maintained. But considering different scheduling manner, some special issues need further consideration in multi-TB scheduling scenario. 
For multi-TB scheduling without interlacing transmission, when UE receives the HARQ DCI to terminate the ongoing PUSCH transmission, UE would stop the ongoing transmission and start the subsequent TB transmission. However, in current specification, there is no clear definition on the exact time to stop the ongoing transmission and when to start the subsequent transmission. There is no big problem in release 15, since the new PUSCH TB transmission is based on the PDCCH scheduling, eNB knows when to receive the subsequent PUSCH. But in case of one PDCCH scheduling multiple TBs, the eNB would be unaware of when to perform the reception of the subsequent TB. Thus, in multi-TB scheduling, clear timing on when to terminate the ongoing transmission TB and when to start the new transmission after receiving the HARQ DCI should be defined. 
For multi-TB scheduling with interlacing, the situation is more complicated. Since multiple TBs are transmitted simultaneously, eNB may successfully decode more than one TB during certain time, then when to trigger the transmission of HARQ DCI needs further consideration. For example, one option is only when all the scheduled TBs are decoded successfully, eNB could transmit the HARQ DCI.  In this case UE could terminate all the TB transmission. Another option is once there is one TB decoded successfully, eNB could transmit the HARQ DCI. In addition, some TB identity e.g., HARQ process ID should be included in the HARQ DCI to indicate which TB is received successfully. Furthermore, similar to the case of non-interlacing transmission, clear definition on when to terminate the successfully received TB and when to start the subsequent transmission is needed. 
Proposal 3: Support early termination in Multi-TB scheduling 

· More investigation is needed for the details 
3 Conclusion
In this contribution, we discussed the remaining issues of standalone MTC. Our views are summarized as follows 
Proposal 1:

· Support interlacing transmission when the number of scheduled TB is larger than X

· FFS the X value 

· The basic unit for interlacing transmission includes Z repetitions of one TB

· Z is configured via RRC

Proposal 2: Consider group HARQ feedback for multi-TB scheduling

· Both HARQ bundling and HARQ multiplexing can be considered for DL HARQ 
Proposal 3: Support early termination in Multi-TB scheduling 

· More investigation is needed for the details 
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