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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]Scheduling of multiple transport blocks with single DCI or without DCI for SC-PTM and unicast was introduced in Rel-16 NB-IoT to reduce overhead of control signaling and improve peak data rate. The feasibility and possible solutions were discussed in RAN1#95 meeting with the following agreements:
[bookmark: OLE_LINK29]Agreement
For multi-TBs scheduling
· UL: I_sc for each TB is same
Agreement
Confirm the working assumption that for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.
Agreement
For UL/DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 
· ‘consecutive resource allocation in time’ means no new scheduling gap between the end of previous TB and the start of the next TB 
FFS: Whether scheduling gaps is also supported
FFS: How to schedule repetitions within the consecutive resource allcoation
Agreement
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, the relationship(s) between HARQ process and TB is/are selected from the following two candidates(multiple choices are allowed)
· Relationship 1: 1 HARQ process corresponds to 1 TB
· Relationship 2: 1 HARQ process corresponds up to 2 TBs
Agreement: 
Maximum UL HARQ process supported is 2.
Agreement: 
Maximum DL HARQ process supported is 2. 
Agreement 
The maximum number of TBs for multicast is one of [4, 8]
· FFS: Whether the TBs are back to back without gap

In this contribution, the design of scheduling multiple DL/UL transport blocks with single DCI for NB-IoT is discussed.
2. Scheduling of multiple transport blocks for unicast
For dynamic scheduling in legacy LTE, one DCI grant allocates resource for a single transport block. Multi-subframe scheduling (MSF) for LAA uplink transmission was introduced in Rel-14 to enable scheduling of multiple UL transport blocks. One MSF DCI schedules consecutive subframes for PUSCH transmission with single transport block per subframe (or two transport blocks per subframe is also supported). Some scheduling information that introduced or modified in MSF DCI in Rel-14 LAA were listed as the following:
· The number of actual scheduled subframes in the DCI;
· HARQ process ID for every subframe: HARQ ID for the first subframe is indicated in DCI, and the HARQ IDs for the subsequent subframes are consecutive with the indicated HARQ ID (modulo max number of HARQ processes);
· 1-bit RV value per scheduled subframe;
· 1-bit NDI value per scheduled subframe.


Figure 1 MSF for LAA uplink
Similarly, MSF-like mechanism can be considered for NB-IoT to support scheduling of multiple transport blocks within one DCI. A new DCI format carrying resource allocation for multiple transport blocks can be introduced, in which the number of actual scheduled transport blocks and the scheduling information for each transport block are indicated. 
2.1 Relationship between HARQ process and transport block
When multiple transport blocks are scheduled by single DCI, whether one HARQ process could correspond to more than one transport blocks was discussed in last meeting and two relationship candidates was agreed.
If each scheduled transport block corresponds to a unique HARQ process (Relationship 1), there exist two potential issues for NB-IoT. The first issue is that single-HARQ capable UE cannot support multi-TB scheduling, which will significant reduce the benefit of this feature. The second issue is about limited gain. Due to the restriction of UE capability on soft buffer size, the maximum number of transport blocks scheduled in one DCI can hardly be larger than 2, then the gain of scheduling 2 transport blocks is only the reduction of one DCI grant compared with legacy 2-HARQ processes. Therefore, the expected gain of Relationship 1 in NB-IoT needs to be further evaluated. 
Observation 1: If only Relationship 1 is supported, scheduling of multiple transport blocks has marginal gain compared with legacy 2-HARQ processes, and cannot be supported by single-HARQ capable UE.
Relationship 2 was proposed to improve the gain of scheduling multiple transport blocks and enable single-HARQ capable UE to benefit from this feature. As a possible solution, periodical UL/DL resource can be scheduled for one HARQ process, and on each resource one transport block is (re)transmitted. Two examples of Relationship 2 are provided in Figure 2 corresponding to single-HARQ capable UE and 2-HARQ capable UE respectively. 



Figure 2 Example of Relationship 2
Proposal 1: Both Relationship 1 and Relationship 2 should be supported when multiple DL/UL transport blocks are assigned by a single DCI in NB-IoT.

2.2 Scheduling gap and HARQ-ACK feedback
As agreed in RAN1#95, consecutive resource allocation in time domain for multiple UL/DL transport blocks scheduled by single DCI is supported. The consecutive resource allocation can naturally be used for Relationship 1 with HARQ-ACK feedback implicitly (for UL) or explicitly (for DL) transmitted after all transport blocks.
On the contrary, scheduling gaps between adjacent transport blocks could also be considered to support Relationship 2. The gap between two TBs corresponding to same HARQ process can be used for HARQ-ACK feedback. 
As potential enhancement, transmission of ACK feedback, which is implicitly indicated in UL grant or transmitted in NPUSCH format 2, can be removed to reduce HARQ-ACK signaling overhead. Transmission of UL/DL transport block could be assumed as successful unless NACK is detected. 
· After transmission of a UL transport block, UE should keep USS monitoring and assume the transport block as ACK if no UL grant carrying NACK is detected. 
· After reception of a DL transport block, UE send no HARQ-ACK feedback the reception is successful, and only transmit NACK if the reception is failed. 
Moreover, since no DCI grant will be transmitted between two adjacent resources corresponding to same HARQ process, the NDI of transport blocks (excluding TB on the first resource of a HARQ process since its NDI is indicated in scheduling DCI) could be derived based on ACK/NACK response. 
Figure 3 provides an example of SPS-based scheduling of multiple transport blocks using 2 HARQ processes. NDI of the first two transport blocks are indicated in DCI grant, and UE sends NACK feedback for the second HARQ process while ACK feedback for the first HARQ process is not transmitted. Based on the HARQ-ACK feedback, UE will assume the following two transport blocks are initial transmission for the first HARQ process and retransmission for the second HARQ process respectively.


Figure 3 Handling of ACK/NACK and HARQ retransmission
The miss detection issue of NACK could be solved by higher layer ARQ retransmission. Some further enhancements could also be beneficial for this issue, for instance, considering that up to 2 TBs will be scheduled to one HARQ process, 1-bit information could be carried in NACK message to indicate which TB is associated, or carried together with data to indicate whether the data is initial transmission or retransmission. 
Proposal 2: Scheduling gap could be inserted between two adjacent transport blocks corresponding to one HARQ process if Relationship 2 is supported.
Observation 2: When multiple TBs are scheduled in single DCI, the HARQ-ACK feedback resource could be:
· If consecutive resource is allocated for multiple TBs scheduled in single DCI, HARQ-ACK feedback of all TBs are transmitted after the last TB;
· Otherwise if scheduling gap is inserted between adjacent TBs, HARQ-ACK feedback can be transmitted in the gap.
Observation 3: Further enhancement on reducing overhead of HARQ-ACK could be studied.

2.3 Handling of HARQ retransmission
Handling of HARQ retransmission is an important issue for scheduling of multiple transport blocks. 
Mixed initial transmission and retransmission in single DCI should be supported to reduce control signaling overhead. Otherwise, the retransmissions of scheduled multiple transport blocks need fallback to legacy single-TB scheduling with multiple DCI grants, which will significantly reduce the gain of multi-TB scheduling. Furthermore, compared with scheduling initial transmission and retransmission with two separate DCIs, mixed initial transmission and retransmission with single DCI still can reduce the overhead of control signal.
In legacy NB-IoT system, HARQ retransmission for PUSCH is triggered by UL grant, in which NDI field is used to indicate HARQ-ACK feedback implicitly. This mechanism can be easily reused in DCI design of multi-TB scheduling. A NDI bitmap with 1 bit per transport block can be carried in DCI to indicate the initial transmission or retransmission for each transport block. 
Proposal 3: Scheduling of initial transmissions and retransmissions of multiple transport blocks in the same DCI should be supported.
Proposal 4: NDI bitmap with 1 bit per TB in UL/DL grant is used to schedule the initial transmission or retransmission of multiple UL/DL transport blocks.

When multiple transport blocks corresponding to multiple HARQ processes are scheduled, in order to support flexible scheduling, dynamic indication of HARQ ID of each actual scheduled TB should be designed rather than using fixed mapping between transport block and HARQ ID. 
The overhead of HARQ ID indication needs to be carefully controlled to avoid DCI size increasing. Similarly as LAA MSF, one simple solution is to explicitly indicate the HARQ ID of first actual scheduled transport block in DCI grant, and the HARQ ID of subsequent transport blocks are consecutive (modulo maximum number of HARQ processes), which is easy to be derived at UE side. 
Proposal 5: The HARQ ID corresponding to first actual scheduled TB is explicitly indicated in DCI grant, and the HARQ IDs of the subsequent HARQ processes are consecutive.

2.4 Interlacing of multiple transport blocks
Interlaced transmission between multiple TBs was proposed by some companies to acquire time diversity and improve decoding performance. However, the provided simulations are only link level results and significant link level gain is only observed under high Doppler frequency. In the typical NB-IoT deployments, most UE are stationary or have low speed, thus UE will rarely suffering high Doppler frequency, and the system level gain of TB interlacing will be very marginal.
The gain of interlaced transmission depends on the number of scheduled transport blocks. Compared with MTC, the maximum number of transport blocks in NB-IoT is restricted to 2 (or 4), therefore the gain of interlaced transmission will be further limited. 
Furthermore, one important drawback of interlaced transmission is the additional complexity of data generation, buffering and decoding, especially at eNodeB side. If interlaced transmission is adopted, eNodeB needs to be prepared to buffer all transport blocks simultaneously for every UE enabling this feature, which made the requirement of eNodeB buffer increase multiple times, then the eNodeB buffer will become a bottleneck of UL/DL capacity.
Therefore, it seems less attractive to sacrifice network capacity in order to acquire only marginal gain by introducing interlaced multiple TBs.
Proposal 6: Interlaced transmission for scheduling of multiple transport blocks is not supported.

3. DCI detection and design
If the enhancement on scheduling of multiple transport blocks in a single DCI is supported, new DCI format(s) needs to be introduced carrying the scheduling information of each transport block. The new DCI format could explicit indicates the following information (which is different with in legacy formats):
· Number of actual scheduled transport blocks: the size of each field can be calculated based on the number of actual scheduled TBs. Padding bits might be used when the actual scheduled number is smaller than the maximum number.
· Scheduling delay between DCI grant and the first transport block
· HARQ ID: The HARQ information of scheduled multiple transport blocks should also be indicated in DCI. For the up to 2 HARQ processes in NB-IoT, DCI could only indicate ID of the first HARQ process to reduce overhead, and HARQ ID of the other process can be easily derived.
· If both single TB per HARQ process and multiple TBs per HARQ process are supported, the number of scheduled HARQ processes may also be indicated in DCI.
· Resource assignment, repetition and MCS: It is reasonable to assume the multiple transport blocks corresponding to the same MTC traffic, and transmitted in a short duration with similar channel status. Therefore, these parameters should be common for all scheduled transport blocks rather than TB-specific.
· TB-specific NDI and RV: If mixed initial transmission and retransmission is supported, NDI bitmap with 1 bit per transport block is carried in DCI, as discussed in Section 2. Similarly, the RV field should also be bitmap with 1 bit per transport block.
· In addition, if Relationship 2 is supported with inserting gap between adjacent TBs corresponding to same HARQ process, size of the gap could be either fixed or dynamically scheduled in DCI grant.
Proposal 7: The new DCI format scheduling multiple transport blocks for unicast could explicitly indicate at least the following information:
· Number of actual scheduled transport blocks 
· Scheduling delay before the first transport block
· HARQ ID of first actual scheduled TB
· Resource assignment/repetition/MCS, which are common for all TBs
· TB-specific NDI and RV

No increasing of blind detection cost is agreed as a basic metric in RAN1#94b meeting that UE should only monitor one DCI size in the UE specific search space. 
In order to support fallback (to scheduling of a single transport block in one DCI), one possible solution is that UE needs to monitor both legacy and new DCI formats. Therefore, the size of new DCI format needs to be aligned to the size of at least one legacy DCI format. UE can distinguish the formats by using different search space, RNTI, or by format differentiation field that explicitly indicated in DCI. eNodeB will use both new and legacy DCI formats to schedule UL/DL transmission, thus the fallback can be supported very simply at any time. 
Since the DCI might carry TB-specific fields, e.g. RV and NDI, and additional fields such as number of actual scheduled transport blocks, the size of new DCI format is expected to be increased. For the purpose of alignment with legacy DCI formats, some legacy fields could be removed or with reduced size in the new DCI format. For example, scheduling of multiple transport blocks is used for large data packet, then choosing small TBS or smaller number of subcarriers will lead to dividing the large data packet into more transport blocks, which seems unreasonable. Therefore some lower values in MCS field and resource assignment field can be removed to reduce size of the fields. Moreover, some parameters e.g. scheduling delay can be fixed or configured by RRC for the feature of scheduling multiple transport blocks, and the corresponding field is not carried in new DCI format. 
Otherwise, add 1 or 2 padding bits in legacy DCI formats to achieve the alignment between legacy and new DCI formats is also considerable. These padding bits can be reserved for potential use in future releases.
Another possible solution is, when scheduling of multiple transport blocks is enabled, UE stops blind decoding of legacy DCI formats and only detects new DCI format. Compared with co-existed legacy DCI and new formats, no restriction on DCI size due to size alignment will happen. However, with this solution it is hard to fallback to legacy scheduling, and if only one TB needs to be scheduled, the new DCI format with increased size will introduce a waste of radio resource and UE power, and then the gain of enabling scheduling of multiple transport blocks can hardly be guaranteed.
Proposal 8: The size of new DCI formats used to schedule multiple transport blocks should be aligned with legacy DCI formats.
Observation 4: Compared with legacy DCI formats, in the new DCI format used to schedule multiple transport blocks, the size of some fields e.g. MCS and repetition could be reduced for the size alignment between legacy and new DCI formats.

4. Conclusion
Based analysis above, the following observations and proposal are provided: 
Observation 1: If only Relationship 1 is supported, scheduling of multiple transport blocks has marginal gain compared with legacy 2-HARQ processes, and cannot be supported by single-HARQ capable UE.
Observation 2: When multiple TBs are scheduled in single DCI, the HARQ-ACK feedback resource could be:
· If consecutive resource is allocated for multiple TBs scheduled in single DCI, HARQ-ACK feedback of all TBs are transmitted after the last TB;
· Otherwise if scheduling gap is inserted between adjacent TBs, HARQ-ACK feedback can be transmitted in the gap.
Observation 3: Further enhancement on reducing overhead of HARQ-ACK could be studied.
Observation 4: Compared with legacy DCI formats, in the new DCI format used to schedule multiple transport blocks, the size of some fields e.g. MCS and repetition could be reduced for the size alignment between legacy and new DCI formats.

Proposal 1: Both Relationship 1 and Relationship 2 should be supported when multiple DL/UL transport blocks are assigned by a single DCI in NB-IoT.
Proposal 2: Scheduling gap could be inserted between two adjacent transport blocks corresponding to one HARQ process if Relationship 2 is supported.
Proposal 3: Scheduling of initial transmissions and retransmissions of multiple transport blocks in the same DCI should be supported.
Proposal 4: NDI bitmap with 1 bit per TB in UL/DL grant is used to schedule the initial transmission or retransmission of multiple UL/DL transport blocks.
Proposal 5: The HARQ ID corresponding to first actual scheduled TB is explicitly indicated in DCI grant, and the HARQ IDs of the subsequent HARQ processes are consecutive.
Proposal 6: Interlaced transmission for scheduling of multiple transport blocks is not supported.
Proposal 7: The new DCI format scheduling multiple transport blocks for unicast could explicitly indicate at least the following information:
· Number of actual scheduled transport blocks 
· Scheduling delay before the first transport block
· HARQ ID of first actual scheduled TB
· Resource assignment/repetition/MCS, which are common for all TBs
· TB-specific NDI and RV
Proposal 8: The size of new DCI formats used to schedule multiple transport blocks should be aligned with legacy DCI formats.
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