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At RAN #80 meeting, a new work item (WI) on Rel-16 MTC enhancements was approved [1]. One objective of the WI is the scheduling enhancement. In particular:
Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.

In RAN1 #96bis meeting, the following agreements were made regarding scheduling of multiple DL/UL transport blocks [2]:
	For further discussion
Which of the following features that should be possible to configure and/or use in combination with scheduling of multiple TBs
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz 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 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· 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
Companies are encouraged to provide their preference on this issue.
Agreement
For unicast, the UE is configured for interleaved transmission of subframe repetitions of the respective TBs separately for DL and UL via RRC signaling.
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.
Agreement 
For scheduling of multiple TBs with SC-MTCH, the same parameter values for {MCS, resource assignment, number of repetitions} is used for all TBs



In this contribution, we share our views on the remaining design details for scheduling of multiple DL/UL transport blocks in eMTC deployments, including the aspects on transmission pattern, retransmissions, HARQ feedback and DCI design.

Transmission pattern for scheduling of multiple TBs
For UL/DL unicast transmission, it was agreed in RAN1 #95 meeting that at least consecutive resource allocation in time is supported [3]. It is FFS whether the scheduling gap is also supported. The main motivation to introduce scheduling gap between TBs is to provide time diversity. However, the gaps between TBs scheduled by one single DCI would lead to increased scheduling complexity, resource fragments, and larger latency which results in data rate reduction. On the other hand, if the TBs are scheduled with large number of repetitions, the time diversity gain can already be achieved. Moreover, the time diversity can also be achieved when interleaved transmission is configured. Therefore, it is not preferred to support scheduling gap between TBs scheduled by one single DCI. However, as pointed out in [4], transmission gaps between multiple TBs may be beneficial when the multi-TB transmission occupies a large number of consecutive subframes. In particular, a lower latency may be provided for other, e.g., non-BL, UEs ‘at the expense of a longer delay for the CE mode transmission’. Typically, long time transmission may happen in CE mode B. At the same time, even in this case it would not be a significant obstacle if frequency hopping operation is enabled. Therefore, it’s proposed to restrict the use of time gaps for scheduling of multiple TBs only in CE mode B without frequency hopping.

Proposal 1:
· [bookmark: _GoBack]Scheduling gaps between TBs scheduled by one single DCI are not supported except CE mode B without frequency hopping.

[bookmark: _Ref791007]Design of HARQ and retransmission 
Retransmissions
For HARQ retransmission, if retransmission can only be scheduled by individual DCI as in legacy system, the DL overhead would increase since different DCI would be needed for different TBs. Thus, it is preferred to support scheduling of initial transmission and retransmission by one single DCI. As discussed in Section 4, an NDI bit together with a new introduced parameter can be interpreted to indicate the HARQ-ACK feedback for each TB. This also allows the simultaneous scheduling of initial transmission for all scheduled TBs, and simultaneous scheduling of retransmission for all scheduled TBs. Note that besides the support of mixed scheduling of initial transmission for some TBs and retransmission for the others, the operation where retransmission of one TB is scheduled by an individual DCI as in legacy system can also be supported, by setting the number of scheduled TBs to be one in the DCI. 

Proposal 2:
· Support scheduling of initial transmission and retransmissions simultaneously by one single DCI.

[bookmark: _Ref7714368]HARQ-ACK feedback
For CE mode A, it was agreed that HARQ-ACK feedback bundling on PUCCH can be enabled or disabled by [RRC and/or DCI]. The HARQ-ACK bundling mechanism in Rel-14 feMTC can be reused to minimize the standardization effort. Following the Rel-14 feMTC design, the HARQ-ACK bundling is supported only when there is no repetition for MPDCCH and for all the TBs scheduled by the single DCI. Following the Rel-14 design, the HARQ-ACK bundling can be enabled or disabled by RRC and DCI.
The size of HARQ-ACK bundle is one of the remaining details. Therefore, it’s proposed to assume the bundle size equal to the number of scheduled TBs if HARQ-ACK feedback bundling is enabled. This would be beneficial also because does not require signalling of the bundle size to the eNB. Another aspect is the timing relationship between PDSCH and PUCCH in bundling/no-bundling cases. For this, it’s proposed to have a fixed delay (e.g. k subframes, where k is FFS for bundling/no-bundling cases) from the last subframe of multi-TB PDSCH to the 1st subframe of PUCCH. Obviously, in this case the signalling of HARQ ACK delay in DCI is not needed.
For CE mode B, the transmission in general requires a large number of repetitions. For HARQ-ACK multiplexing, similar to what mentioned above for CE mode A, the PUCCH performance would be impacted. For HARQ-ACK bundling, the failure in reception of one TB would result in retransmission of all TBs in the corresponding bundle, which would be quite inefficient in terms of resource utilization and UE power consumption. Therefore, it is preferred not to support HARQ-ACK bundling and HARQ-ACK multiplexing for CE mode B. 

Proposal 3:
· For HARQ-ACK bundling in CE mode A:
· HARQ-ACK bundling design from Rel-14 feMTC can be reused, where HARQ-ACK bundling is supported only when there is no repetition for MPDCCH and for all the TBs scheduled by the single DCI.
· Following Rel-14 feMTC HARQ-ACK bundling design, the HARQ-ACK bundling can be enabled or disabled by RRC and DCI.
· The bundle size is equal to the number of scheduled TBs signaled in multi-TB DCI.
· There is a fixed delay of k subframes from the last subframe of multi-TB PDSCH to the 1st subframe of PUCCH with HARQ feedback
· FFS: the value of k for bundling/no-bundling cases
·  For CE mode B, neither HARQ-ACK bundling nor HARQ-ACK multiplexing are supported. 

[bookmark: _Ref787211]DCI considerations
Once UE is configured with scheduling of multiple DL/UL TBs for data transmission, it monitors the corresponding DCI in the USS. Scheduling of multiple DL/UL TBs requires additional transmission parameters, and thus a new DCI format with a larger size seems to be needed.

Proposal 4:
· Introduce a new DCI format for scheduling of multiple DL/UL TBs.
· The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.
It was agreed in RAN1#94 that ‘the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI’. Therefore, it’s proposed to include the number of scheduled TBs in the DCI. In addition, as discussed in Section 3, it is beneficial to simultaneously schedule initial transmission for some TBs and retransmissions for the other TBs by one single DCI. In order to support HARQ operation the following parameters should be signaled:
· HARQ process ID (PID);
· New Data Indicator (NDI);
· Initial Redundancy Version (RV).
However, independent encoding of these parameters for each scheduled TB would require significant amount of bits. Therefore, some optimizations to keep the DCI size as small as possible are proposed.
First, the existing HARQ PID field is reinterpreted as the HARQ PID for the first subframe, and the subsequent TBs have consecutive HARQ PIDs similar as in multi-subframe scheduling concept from LAA. The rule of consecutive HARQ PIDs is strictly applied to TBs of initial transmission and retransmitted TBs scheduled simultaneously. In other words, any kind of interleaved transmission of initial TBs and retransmitted TBs as illustrated in Figure 1 is prohibited.


(a)


(b)
[bookmark: _Ref7822717]Figure 1. Prohibited simultaneous scheduling of initial and retransmitted TBs.
However, opportunistic scheduling of initial TBs with a block of consecutive HARQ PIDs and retransmitted TBs with a block of further consecutive HARQ PIDs (and vice-versa) is possible as illustrated in Figure 2.


(a)


(b)
[bookmark: _Ref7823150]Figure 2. Allowed simultaneous scheduling of initial and retransmitted TBs.
Therefore, the signaling of the size N0 of the first block of HARQ PIDs, i.e., the number of TBs of initial transmission (retransmission) is needed. All the rest (N-N0) TBs are assumed as retransmitted (initially transmitted) where N is the total number of scheduled TB also signaled in DCI. To distinguish whether the first N0 TBs are used for initial transmission or retransmission, it’s proposed to reuse the NDI bit. The proposed approach leads to 6 additional bits (3 bits to indicate the total number of TBs N and 3 bits to indicate the number of first N0 TBs for initial transmission/retransmission). Initial transmission indication for a particular HARQ PID is also interpreted as HARQ ACK for previously transmitted TB which used the same HARQ PID.
Another optimization of the DCI size deals with RV indication. In particular, it’s proposed to reduce the initial RV for a TB to 2 values, e.g., RV0 and RV2. Then, it’s proposed to assume that initial transmission of TB always starts with RV0 and retransmission always starts with RV2. These changes would make the signaling of initial RV in DCI unnecessary.
In order to minimize the spec changes and keep the DCI size as small as possible, all the rest parameters from the legacy DCI can be reused.

Proposal 5:
· The total number N of scheduled TBs is indicated by the new DCI.
· The HARQ Process ID (PID) field is reinterpreted as the PID for the first scheduled TB, while subsequent TBs always have consecutive HARQ PIDs.
· The number N0 (N0 ≤ N) of the first TBs is indicated by the new DCI
· The NDI bit is reused to interpret whether the first N0 TBs are used for initial transmission and the rest (N-N0) bits are for retransmission or vice-versa
· Signalling of initial RV in the new DCI is not needed
· For the new DCI, the set of initial RV values is reduced to 2 values (e.g. RV0 and RV2)
· Initial transmission of TB always starts with RV0 and retransmission always starts with RV2.
· In the design of the new DCI scheduling multiple TBs, reuse the rest of parameters from the legacy DCI.

LTE eMTC Features Configurable Together with Multi-TB Transmission
Among the Rel-14 and Rel-15 features listed in Section 1, it seems that the support of Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A is not needed. Instead, as discussed in Section 3.2 for single DCI scheduling multiple TBs it’s proposed to always assume a fixed delay between the last PDSCH subframe and the 1st PUCCH subframe. All other features from the list can be configured and/or used in combination with scheduling of multiple TBs. The last feature, i.e., Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B, should be applicable to all processes scheduled by a single DCI.

Proposal 6:
· Do not support Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A together with scheduling of multiple TBs.

Conclusion
In this contribution, we discuss the design for the support of scheduling of multiple UL/DL TBs for eMTC. Based on the discussions, we make the following proposals:
Proposal 1:
· Scheduling gaps between TBs scheduled by one single DCI are not supported except CE mode B without frequency hopping.

Proposal 2:
· Support scheduling of initial transmission and retransmissions simultaneously by one single DCI.

Proposal 3:
· For HARQ-ACK bundling in CE mode A:
· HARQ-ACK bundling design from Rel-14 feMTC can be reused, where HARQ-ACK bundling is supported only when there is no repetition for MPDCCH and for all the TBs scheduled by the single DCI.
· Following Rel-14 feMTC HARQ-ACK bundling design, the HARQ-ACK bundling can be enabled or disabled by RRC and DCI.
· The bundle size is equal to the number of scheduled TBs signaled in multi-TB DCI.
· There is a fixed delay of k subframes from the last subframe of multi-TB PDSCH to the 1st subframe of PUCCH with HARQ feedback
· FFS: the value of k for bundling/no-bundling cases
·  For CE mode B, neither HARQ-ACK bundling nor HARQ-ACK multiplexing are supported. 

Proposal 4:
· Introduce a new DCI format for scheduling of multiple DL/UL TBs.
· The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.

Proposal 5:
· The total number N of scheduled TBs is indicated by the new DCI.
· The HARQ Process ID (PID) field is reinterpreted as the PID for the first scheduled TB, while subsequent TBs always have consecutive HARQ PIDs.
· The number N0 (N0 ≤ N) of the first TBs is indicated by the new DCI
· The NDI bit is reused to interpret whether the first N0 TBs are used for initial transmission and the rest (N-N0) bits are for retransmission or vice-versa
· Signalling of initial RV in the new DCI is not needed
· For the new DCI, the set of initial RV values is reduced to 2 values (e.g. RV0 and RV2)
· Initial transmission of TB always starts with RV0 and retransmission always starts with RV2.
· In the design of the new DCI scheduling multiple TBs, reuse the rest of parameters from the legacy DCI.

Proposal 6:
· Do not support Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A together with scheduling of multiple TBs.
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