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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
The Release-16 WID on additional enhancements for eMTC was approved in RAN#80. The WID included the following objectives:
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.
The following agreements that are relevant to this document were made at RAN1#94bis in Chengdu:
Agreement
Confirm the working assumption that
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 

Agreement
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.
Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]

Working Assumption
For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.

Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4 (working assumption)

For further study until next meeting:
How to efficiently handle retransmissions when scheduling multiple DL/UL transport blocks.
Agreement
For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI. If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback, i.e., no HARQ ACK/NACK feedback bundling or multiplexing. 
· RAN1 further compare the performance between HARQ ACK/NACK feedback bundling and multiplexing and down-select between the two options. 
For CE mode B, further study if there is a benefit for HARQ ACK/NACK feedback bundling or multiplexing on PUCCH. If there is a benefit identified, same configuration principle as CE mode A can be applied, i.e., this feature can be enabled or disabled by [RRC and/or DCI].

This document considers the following issues:
· The number of scheduled transport blocks
· HARQ feedback operation when multiple DL transport blocks are scheduled. 
2. Number of scheduled transport blocks
As discussed in our contribution in RAN1#94bis [4], 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.
Proposal 1: the maximum number of multiply scheduled transport blocks is either 4 or 8. 
[image: ]
[bookmark: _Ref525932804]Figure 1 - Throughput improvement from scheduling multiple PDSCH transport blocks at 164dB MCL

[image: ]
[bookmark: _Ref525932812]Figure 2 – Power consumption improvement from scheduling multiple PDSCH transport blocks at 164dB MCL
An additional benefit of scheduling multiple transport blocks is the time diversity gain that can be achieved if repetitions of the multiple transport blocks are interleaved in time. Gains of approximately 1.5dB are observed in some channels [2] in the UL when time interleaved repetitions of 8 transport blocks are transmitted, compared to when 2 intreleaved transport blocks are transmitted. The interleaving gain can be mapped to either a reduction in power consumption or an increase in coverage. Such an interleaving gain is expected to be observed in the DL also. 
It is evident that the power consumption, throughput and coverage improve as the number of multiply scheduled transport blocks increases. There are also gains associated with time interleaving repetitions of the multiple transport blocks.
Observation 1: Power consumption and throughput improve as the number of multiply scheduled transport blocks increases.
Observation 2: Power consumption and coverage improve when time interleaving of repetitions is applied.
A Cat-M1 UE contains sufficient soft-buffer memory for 8 HARQ processes. These 8 HARQ processes are available in both CE Mode A and CE Mode B. We thus do not see soft-buffer dimensioning as being a reason to choose a different number of multiply scheduled transport blocks in CE Mode A and CE Mode B.
Given the performance benefits, we propose to support the maximum number of multiply scheduled transport blocks in the agreements from RAN1#94bis Chengdu. Hence we propose:
Proposal 1: Remove the [] from the following agreements from RAN1#94bis:
· For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
· For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.
Proposal 2: For CE mode B, confirm the working assumption:
· For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.
3. HARQ ACK/NACK feedback
According to the agreements in RAN1#94bis, as a default mode of operation, an individual ACK / NACK can be sent for each transport block. Depending on eNodeB signalling, either HARQ bundling or HARQ multiplexing can be supported. This section considers whether HARQ bundling or HARQ multiplexing should be supported.
The target BLER is set by the eNodeB and scheduling decisions are made in order to achieve that target BLER. Hence transmissions in CE Mode B have the same BLER as those in CE Mode A. 
HARQ multiplexing. 
When HARQ multiplexing is applied, a single PUCCH format carries a bitmap indicating which of the PDSCH transport blocks were ACK-ed and which were NACK-ed. The eNodeB is then able to re-transmit only those PDSCH that were NACK-ed. The disadvantages with HARQ multiplexing are:
· The SNR performance of a PUCCH carrying multiplexed HARQ ACK / NACK is worse than that of a PUCCH carrying a single HARQ-bundled bit. This is because the processing gain is clearly smaller when PUCCH carries multiple bits. The SNR degradation needs to be compensated for with repetition.
· The specification impacts related to HARQ ACK / NACK multiplexing are greater than those for HARQ bundling, since it would be necessary to specify new PUCCH formats and codebooks to signal the multplexed bits.
HARQ bundling.
When HARQ bundling is applied, all of the ACK-NACK bits for the individual transport blocks are combined via a logical-AND operation. If one of the transport blocks is in error, then the whole HARQ bundle is reported as NACK and is subject to re-transmission. Hence it is not productive to have an overly large HARQ bundle size.  The probability of a bundled-HARQ reporting NACK depends on the bundle size, ‘n’ and the PDSCH BLER. Assuming PDSCH transport blocks are subject to failure independently, the probability of the HARQ-bundle reporting NACK is:
 
As shown in Figure 3, the probability of a NACK being reported rises signficantly as the bundle size and PDSCH BLER increase. 

[image: ]
[bookmark: _Ref528962804]Figure 3 - Probability of HARQ bundle reporting NACK as bundle size increases
HARQ ACK-NACK bundling hence leads to more PDSCH re-transmissions, but fewer PUCCH transmissions (an HARQ ACK-NACK bundle can be transmitted on a single PUCCH, rather than requiring ‘n’ PUCCH transmissions).
In order to mitigate the performance issue of HARQ ACK-NACK bundling, it is proposed that if the HARQ ACK-NACK bundle indicates NACK, the UE additionally transmits separate PUCCH indcating the ACK / NACK status of the individual DL PDSCH transport blocks, as shown in Figure 4.
[bookmark: _GoBack][image: ]
[bookmark: _Ref528964455]Figure 4 – Transmission of individual ACK / NACK indications after a transmission of a HARQ-bundled NACK
Figure 4 shows:
· When all PDSCH are ACK-ed, a single bundled-ACK bit is sent on PUCCH. From Figure 3, when operating at a BLER target of 10%, this case occurs 50% of the time with a bundle size of 8. i.e. half the time, there is no need to send individual ACK-NACK indications.
· When some PDSCH are NACK-ed, a single NACK bit is sent on PUCCH, followed by individual ACK-NACK bits sent on individual PUCCH. Note that the transmission of individual PUCCH is the default behaviour in any case.
The average number of PUCCH that need to be transmitted using the scheme shown in Figure 4 is shown in Figure 5. It is seen that the average number of PUCCH transmitted by the UE is signficantly reduced when individual ACK / NACK indications are only transmitted following a HARQ-bundled NACK.
[image: ]
[bookmark: _Ref528966136]Figure 5 - Average number of PUCCH transmitted when individual PUCCH are transmitted following a HARQ-bundled NACK
Based on the reduced number of PUCCH transmitted (and hence reduced UE power consumption), the following proposals are made:
Proposal 3: HARQ bundling is supported.
Proposal 4: When a HARQ-bundled NACK is transmitted, individual PUCCH are transmitted following that HARQ-bundled NACK, indicating the ACK / NACK status of individual PDSCH transport blocks.
4. Summary of Proposals
This document has considered the support of scheduling multiple transport blocks for MTC and makes the following observations and proposals.
Observation 1: Power consumption and throughput improve as the number of multiply scheduled transport blocks increases.
Observation 2: Power consumption and coverage improve when time interleaving of repetitions is applied.
Proposal 1: Remove the [] from the following agreements from RAN1#94bis:
· For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
· For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.
Proposal 2: For CE mode B, confirm the working assumption:
For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.
Proposal 3: HARQ bundling is supported.
Proposal 4: When a HARQ-bundled NACK is transmitted, individual PUCCH are transmitted following that HARQ-bundled NACK, indicating the ACK / NACK status of individual PDSCH transport blocks.
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