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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]In RAN plenary #80 meeting, a new WID of further enhancements for Rel-16 MTC was approved. It was agreed to introduce scheduling enhancement for Rel-16 MTC with the following objective:
Scheduling enhancement:
· [bookmark: _Hlk516765510]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 this contribution, the possible methods and gain for scheduling of multiple DL/UL transport blocks for MTC are discussed.
2. Scheduling multiple DL/UL transport blocks for unicast
2.1 Enhanced SPS for scheduling multiple UL/DL TBs
LTE introduced semi-persistent scheduling to reduce PDCCH overhead, especially for VoLTE service, which is characterized by regularly occurred transmission of relatively small payloads. eMTC also support SPS for both UL/DL for mode A for similar scenario.
SPS for UL/DL unicast can be considered as a starting point of scheduling multiple UL/DL transport blocks in Rel-16. However, comparing with the typical SPS-based traffics e.g. VoLTE, in most MTC scenarios the UL/DL traffics have limited amount of data packets, and the UL/DL unicast transmissions are expected to finished in a shorter duration. Therefore, the gain of overhead reduction is limited as well, and the flexibility and latency of SPS (re)configuration and activation/release become obvious drawbacks. Some enhancements need to be discussed to achieve more flexible and effective SPS.
In most typical use cases of scheduling enhancement for MTC system, the number or size of arrived data packets are more predictable, thus the release mechanism in SPS can be enhanced to further reduce overhead of control signaling. In legacy LTE, explicit release for both UL and DL SPS are supported by transmitting a release DCI, and for UL SPS, implicit release is additionally supported after a certain number of empty transmissions if skipUplink is not configured. The legacy implicit release mechanism can reduce overhead of the release DCI but at expense of unused resource of the empty transmissions. For MTC traffic, since the expected number of SPS-based transmissions can be derived at eNodeB side for both UL and DL SPS, e.g. based on BSR, a validation number of SPS resources can be indicated in the DCI used for SPS activation. SPS process is automatically released after the indicated number of transmissions to reduce PDCCH overhead without waste of resources.
Furthermore, for SPS configuration/reconfiguration in legacy LTE, the time interval of periodical allocated resource was configured by RRC signaling, and frequency resource allocation and MCS are indicated in DCI. It is possible to indicate all information of resource allocation including periodicity in DCI to enhance the flexibility of SPS-based scheduling of multiple TB. 
Proposal #1: SPS with enhancement on flexibility and reduction on overhead can be considered for scheduling of multiple TBs for UL and DL transmission for unicast.

[bookmark: _GoBack]2.2 Dynamic scheduling of multiple UL/DL TBs
For dynamic scheduling in legacy LTE, one DCI grant allocates resource for a single TB. Multi-subframe scheduling (MSF) for LAA uplink was introduced in Rel-14 to enable scheduling of multiple UL TBs. One MSF DCI schedules consecutive subframes for PUSCH transmission with single TB per subframe (or two TBs per subframe). Some of the scheduling information indicated in the MSF DCI was listed as the following:
· The number of scheduled subframes;
· HARQ process ID for the first subframe, the HARQ IDs for other 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
Scheduling of multiple transport blocks for UL
For UL transmissions in MTC, similarly a new DCI format can be introduced to schedule multiple UL transport blocks. The new DCI format carries the number of scheduled TBs and the scheduling information for each TB. An example of scheduling multiple UL transport blocks is provided in Figure 2.The transmission resources of multiple TBs can be consecutive subframes, or there can be a gap between resources of two adjacent TBs. The gap, and the scheduling delay between the new DCI format and the first UL TB, can be fixed or indicated in DCI. After transmission of the scheduled multiple TBs finished, the HARQ-ACK feedback is implicitly indicated by NDI in the next DCI carrying UL grant.


Figure 2 Scheduling of multiple UL transport blocks within one DCI
The maximum number of TBs scheduled in one DCI for the MSF-like mechanism is restricted by UE capability. For BL/CE UEs, scheduling of more transport blocks in one DCI is acceptable compared with NB-IoT, and larger gain of MPDCCH overhead reduction can be expected. However, considering the possibility there is no new data packet and only one TB left to be (re)transmitted, the expected gain of scheduling multiple UL TBs in MTC needs to be further evaluated.
Observation #1: For UL transmission, similarly to MSF for UL LAA, dynamic scheduling of multiple UL transport blocks is a considerable solution. However the gain of scheduling multiple UL transport blocks in one DCI needs to be further evaluated.
UL HARQ-ACK was introduced in Rel-15 MTC for early termination of PUSCH transmission by indicating an unused state in DCI. It can be further extended to indicate ACK/NACK for any ongoing PUSCH transmission in order to improve the efficiency of scheduling of multiple UL transport blocks. eNodeB could schedule multiple parallel UL HARQ processes for UE similarly as MSF for UL LAA, but for each HARQ process, multiple transmission resources are allocated as shown in Figure 3.
The UL HARQ-ACK feedback can be transmitted by DCI. For avoidance of increased MPDCCH overhead, the HARQ-ACK feedback of multiple UL transport blocks should be carried within one compact DCI. Furthermore, the DCI could also be sent to a UE group and carries HARQ-ACK feedback of multiple transport blocks from different UEs, such as the resource-based group DCI discussed in Rel-15 MTC.
Observation #2: Introduction of group DCI or compact DCI carrying UL HARQ-ACK for multiple transport blocks from one or multiple UEs should be considered to improve the gain of scheduling multiple transport blocks within one DCI.


Figure 3 Scheduling of multiple UL transport blocks with UL HARQ-ACK

Scheduling of multiple transport blocks for DL
Similar to UL, for PDSCH without HARQ-ACK feedback, DL scheduling can reuse the MSF-like design for UL, but a larger number of transport blocks can be scheduled in one DCI. Scheduling of multiple DL transport blocks without HARQ-ACK feedback can be adopted for SC-PTM as discussed in Section 3.
For PDSCH with HARQ-ACK feedback, with MSF-like scheduling, multiple DL transport blocks are scheduled with parallel HARQ processes for UE. The MSF-like scheduling can be further extended with periodical resources for each HARQ process. Two examples of MSF-like scheduling for PDSCH and MSF-like scheduling with periodical resource allocation are provided in Figure 4.
Moreover, for MSF-like scheduling with periodical resource for each HARQ processes, the number of parallel HARQ processes can be reduced to 1, which means in a single DCI multiple periodical PDSCH resources are allocated to a UE and follows each PDSCH resource there is a scheduled DL HARQ-ACK feedback. This single-HARQ case is very similar to enhanced SPS. 


Figure 4 Scheduling of multiple DL transport blocks
For MSF-like scheduling with periodical resources, only NDI of the first set of parallel HARQ processes can be indicated in the scheduling DCI, and the initial transmission or retransmission for the subsequent transport blocks needs to be determined by the reception status reflected in DL ACK/NACK feedback, or be scheduled by introducing a new signal/channel, e.g. a compact DCI. 
For MTC, up to 4 transport blocks scheduled in a single DCI or up to 4 parallel HARQ processes with multiple periodical resources for each HARQ processes scheduled in a single DCI can be considered. Correspondingly, up to 75% or more reduction of MPDCCH overhead can be expected under most situations. Moreover, the peak data rate of DL transmission can be improved since the latency of DCI monitoring is reduced and only one scheduling delay between DCI and the first PDSCH is needed for multiple DL transport blocks.
Observation #3: For DL transmission, a MSF-like mechanism can be used for PDSCH scheduling. MTC system is expected to benefit from scheduling of multiple DL transport blocks.

In addition, scheduling of both UL and DL transport blocks can be considered in MTC system. One DCI could carry same or different scheduling information, e.g. scheduling delay and number of repetition, for the UL and DL transport blocks respectively. This type of scheduling might be necessary for TDD scenarios in MTC since it could support interlaced UL/DL transmissions. 
Observation #4: At least for TDD in MTC, scheduling of both DL and UL transport blocks should be considered to utilize the nature of interlaced UL/DL subframe structure.
Proposal #2: For scheduling of multiple transport blocks for unicast, MSF-like scheduling can be considered with further evaluations.
3. Scheduling multiple DL transport blocks for SC-PTM
Enhanced SPS can be adopted for scheduling of multiple transport blocks without DCI for SC-PTM. Considering it is hard to configure the same SPS process to all the IDLE UEs needed to receive SC-PTM, a better choice is to introduce a pre-defined common SPS process with a common SPS-RNTI for SC-PTM reception and other common or configurable parameters, e.g. periodicity and the number of valid times of SPS-based DL resources for SC-PTM transmission. Similar to enhanced SPS for unicast, the DCI used for SPS process activation can carry the configurable parameters and implicitly indicates after how many time of transmissions the SPS process is expected to be released. This DCI can be transmitted in the common search space for SC-PTM.
Another solution is dynamic scheduling of multiple transport blocks, as discussed in Section 2.2. Similarly, the DCI used for dynamic scheduling is transmitted in a common search space. For both PDSCH carrying SC-MCCH and SC-MTCH, no HARQ-ACK feedback is needed, therefore all the transport blocks scheduled in a single DCI can be received by UE with one HARQ process, and the maximum supported number of transport blocks within a DCI can be larger, e.g. scheduling 8 DL transport blocks in one DCI for SC-PTM. An example was shown in Figure 4. Scheduling of multiple transport blocks for SC-PTM is a very simple use case and is obviously beneficial for peak data rate of SC-PTM transmission.


Figure 4 Scheduling of multiple DL transport blocks within one DCI
Observation #5: Scheduling of multiple transport blocks for SC-PTM is beneficial to reduce PDCCH overhead and improve peak data rate. 
Proposal #3: For scheduling of multiple transport blocks for SC-PTM, both enhanced SPS and dynamic scheduling by DCI can be further discussed.

4. DCI detection
For the enhancement on scheduling of multiple transport blocks in a single DCI, at least one new DCI format needs to be introduced. No increasing of blind detection cost should be considered as a basic metric for performance evaluation in this feature. 
For UEs supporting the feature of scheduling enhancement, one possible solution is that both legacy DCI formats and the new DCI format need to be monitored. In this case, 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 or RNTI. eNodeB can schedule UL/DL transmission for UE using both new and legacy DCI formats, thus the fallback to scheduling a single TB in one DCI could happen at any time in an easy way. 
Since the DCI might carry TB-specific fields, e.g. RV and NDI, 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 values in MCS field and resource assignment field can be removed to reduce the size of 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 feature 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 causes the waste of radio resource and UE power, and then the gain of enabling scheduling of multiple transport blocks can hardly be guaranteed.
Proposal #4: The size of new DCI formats used to schedule multiple transport blocks should be aligned with legacy DCI formats.

5. Conclusion
Based analysis above, the following observations and proposal are provided: 
Observation #1: For UL transmission, similarly to MSF for UL LAA, dynamic scheduling of multiple UL transport blocks is a considerable solution. However the gain of scheduling multiple UL transport blocks in one DCI needs to be further evaluated.
Observation #2: Introduction of group DCI or compact DCI carrying UL HARQ-ACK for multiple transport blocks from one or multiple UEs should be considered to improve the gain of scheduling multiple transport blocks within one DCI.
Observation #3: For DL transmission, a MSF-like mechanism can be used for PDSCH scheduling. MTC system is expected to benefit from scheduling of multiple DL transport blocks.
Observation #4: At least for TDD in MTC, scheduling of both DL and UL transport blocks should be considered to utilize the nature of interlaced UL/DL subframe structure.
Observation #5: Scheduling of multiple transport blocks for SC-PTM is beneficial to reduce PDCCH overhead and improve peak data rate. 

Proposal #1: SPS with enhancement on flexibility and reduction on overhead can be considered for scheduling of multiple TBs for UL and DL transmission for unicast.
Proposal #2: For scheduling of multiple transport blocks for unicast, MSF-like scheduling can be considered with further evaluations.
Proposal #3: For scheduling of multiple transport blocks for SC-PTM, both enhanced SPS and dynamic scheduling by DCI can be further discussed.
Proposal #4: The size of new DCI formats used to schedule multiple transport blocks should be aligned with legacy DCI formats.

Reference
[1] RP-181450, New WID on Rel-16 MTC enhancements for LTE


1

Microsoft_Visio_Drawing1.vsdx
D
C
I





N consecutive UL subframes



image2.emf
D

C

I

PUSCH1 PUSCH2

D

C

I

PUSCH3 PUSCH4

Implicitly indicates HARQ-ACK feedback by NDI


Microsoft_Visio_Drawing2.vsdx
D
C
I
PUSCH1

PUSCH2
D
C
I
PUSCH3
PUSCH4

Implicitly indicates HARQ-ACK feedback by NDI



image3.emf
D

C

I

PUSCH

HARQ1

PUSCH

HARQ2

PUSCH

HARQ3

PUSCH

HARQ4

UL 

A/N

PUSCH

HARQ1

PUSCH

HARQ2

PUSCH

HARQ3

PUSCH

HARQ4

UL 

A/N


Microsoft_Visio_Drawing3.vsdx
D
C
I
PUSCH
HARQ1

PUSCH
HARQ2
PUSCH
HARQ3
PUSCH
HARQ4
UL A/N
PUSCH
HARQ1
PUSCH
HARQ2
PUSCH
HARQ3
PUSCH
HARQ4
UL A/N



image4.emf
D

C

I

PDSCH

HARQ1

PDSCH

HARQ2

PDSCH

HARQ3

PDSCH

HARQ4

DL 

A/N

D

C

I

PDSCH

HARQ1

PDSCH

HARQ2

PDSCH

HARQ3

PDSCH

HARQ4

DL 

A/N

PDSCH

HARQ1

PDSCH

HARQ2

PDSCH

HARQ3

PDSCH

HARQ4

DL 

A/N


Microsoft_Visio_Drawing4.vsdx
D
C
I
PDSCH
HARQ1

PDSCH
HARQ2
PDSCH
HARQ3
PDSCH
HARQ4
DL A/N
D
C
I
PDSCH
HARQ1

PDSCH
HARQ2
PDSCH
HARQ3
PDSCH
HARQ4
DL A/N
PDSCH
HARQ1
PDSCH
HARQ2
PDSCH
HARQ3
PDSCH
HARQ4
DL A/N



image5.emf
D

C

I

PDSCH1 PDSCH2 PDSCH3 PDSCH4 PDSCH8


Microsoft_Visio_Drawing5.vsdx
D
C
I
PDSCH1

PDSCH2
PDSCH3
PDSCH4
PDSCH8




image1.emf
D

C

I

N consecutive UL 

subframes


