3GPP TSG RAN WG1 Meeting #94bis

R1-1810650
Chengdu, China, October 8th – 12th, 2018 
Agenda Item:
6.2.1.3
Source: 
Sony 

Title:
Support of scheduling of multiple DL / UL transport blocks for MTC 
Document for:
Discussion / decision

1. Introduction 

The Release-16 WID on additional enhancements for eMTC was approved in RAN#80. The WID included the following objectives:

Scheduling enhancement:

· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]

· Enhancement of SPS can be discussed.
Support of scheduling of multiple DL/UL transport blocks was discussed in RAN1#94 in Gothenburg. The feature lead summary for the discussion was provided in [2]. The following agreements were made:

· Specify scheduling of multiple transport blocks for both CE Mode A and B
· The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
· 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
· One DCI to schedule multiple TBs for SC-MCCH is not supported
The following working assumption was made:

· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
The following conclusion was drawn:
· 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

This document considers the scheduling of scheduling of multiple UL / DL transport blocks, with a focus on the following issues:

· Number of scheduled transport blocks

· HARQ ACK / NACK feedback
2. Number of scheduled transport blocks
As a working assumption, when multiple DL / UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ ID.

While 10 HARQ processes can optionally be supported by a Release-14 UE in HD-FDD mode, all eMTC UEs (regardless of 3GPP release and duplex mode) can support 8 HARQ processes. If each transport block occupies its own soft buffer memory, with its own unique HARQ ID (as per the working assumption), a natural maximum number of multiply scheduled transport blocks is 8. The minimum number of multiply scheduled transport blocks is 2.

Observation: the maximum number of scheduled transport blocks is between 2 and 8.
Supporting scheduling multiple transport blocks can have two beneficial effects:

· Throughput improvement through having fewer pauses in PDSCH / PUSCH transmission, where the pauses are required to transmit MPDCCH or PUCCH (PUCCH transmission can be minimized in HD-FDD mode through the use of HARQ ACK/NACK bundling)
· Power consumption improvement for downlink traffic through a reduction in the number of PUCCH that are transmitted (assuming that multiply scheduled PDSCH are ACK/NACK-ed via a single PUCCH)

The throughput gain and the decrease in the amount of energy required to transmit using multiply scheduled transport blocks are shown in Figure 1 and Figure 2 respectively. These results are based on the number of repetitions required for PDSCH, MPDCCH and PUCCH at 164dB MCL from [3 table 6.1] and power consumptions of 80mW for receiving and 500mW for transmitting. As expected, the throughput and power consumption gradually improve as the number of multiply scheduled transport blocks increases. Above multiply scheduling 4 transport blocks, the throughput and power consumption gains diminish, but are still present.

Based on the results obtained, it is proposed that the maximum number of multiply scheduled transport blocks is either 4 or 8. The actual number can be downselected after discussion in RAN1.

Proposal 1: the maximum number of multiply scheduled transport blocks is either 4 or 8. 
[image: image1.png]percentage of max throughput

Percentage of maximum throughput for multi-TB scheduling
. . .

100

70 A

50

164dB MCL —7—

T T T
2 4 6

number of multiply scheduled TB





Figure 1 - Throughput improvement from scheduling multiple PDSCH transport blocks at 164dB MCL
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Figure 2 – Power consumption improvement from scheduling multiple PDSCH transport blocks at 164dB MCL
3. HARQ ACK/NACK feedback
When multiple transport blocks are scheduled, according to the working assumption made in RAN1#94, each transport block has a unique HARQ ID. When multiple transport blocks are scheduled, multiple HARQ ACK/NACK need to be fed back to the base station. There are various methods of reporting these multiple HARQ ACK/NACK (see Figure 3):
· An individual PUCCH is sent after every transport block, each PUCCH carrying a single ACK/NACK. This does not provide the significant power consumption gain shown in Figure 2 and will make it difficult to interleave the transport blocks.

· A group of individual PUCCHs is sent at the end of the group of multiply scheduled transport blocks, each PUCCH carrying a single ACK/NACK. This does not provide the power consumption gain in Figure 2, but does simplify interleaving of transport blocks.

· ACK/NACKs are bundled into a single PUCCH and transmitted at the end of the group of multiply scheduled transport blocks. This provides both a power consumption gain (as per Figure 2) and allows for interleaving of transport blocks. The bundling can be performed as an “AND” function of the ACK/NACKs of the individual transport blocks (other schemes can be considered).
Proposal 2: ACK/NACK for multiply scheduled transport blocks are bundled and transmitted in a single PUCCH.
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Figure 3 - Methods of reporting HARQ ACK/NACK when multiple PDSCH are scheduled by MPDCCH
4. Summary of Proposals
This document has considered the support of scheduling multiple transport blocks for MTC and makes the following proposals.
Proposal 1: the maximum number of multiply scheduled transport blocks is either 4 or 8. 

Proposal 2: ACK/NACK for multiply scheduled transport blocks are bundled and transmitted in a single PUCCH.
5. References

[1] 
RP-181450, “New WID on Rel-16 MTC enhancements for LTE”, Ericsson. RAN#80. La Jolla, USA, 11-14 June 2018.
[2] 
R1-1809562. “Feature lead summary Scheduling of multiple DL UL transport blocks”. Ericsson. RAN1#94, Gothenburg. August 2018.

[3]
“Cellular Internet of Things”. O Liberg, J Bergman et al. Academic Press.
MPDCCH





PDSCH





PDSCH





PDSCH





PDSCH





PUCCH





PUCCH





PUCCH





PUCCH





MPDCCH





PDSCH





MPDCCH





PDSCH





PDSCH





PDSCH





PDSCH





PUCCH





PUCCH





PDSCH





PUCCH





PDSCH





PUCCH





PDSCH





PUCCH





&





PUCCH sent after every PDSCH





Group of PUCCHs sent after all PDSCH





All ACK/NACKs sent in a single PUCCH after all PDSCH








