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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#96bis, we agreed the following on scheduling multiple DL / UL transport blocks [1]:
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


The feature lead summary for the RAN1#96bis Xian meeting was provided in [2].
This contribution discusses the following remaining issues on scheduling of multiple DL / UL transport blocks:
· Use of scheduling gaps for multiple TBs 
· Multiplexing / bundling of HARQ ACK/NACK feedback 
· Features from previous releases that can be configured with multiple transport block groups
2. Use of scheduling gaps for multiple TBs
In [3], we considered whether scheduling gaps should be supported for MTBG. Our concerns were centred around:
· Increased transmission delay. Although some MTC applications are insensitive to delay, this is not true of all applications, for example considering wearable applications. Unnecessarily increasing transmission delay is hence undesirable.
· Power consumption. Increasing the length of the transmission will increase the time that the UE modem is “on”. Even when not transmitting or receiving, power is consumed in the modem due to modem overheads. Depending on the length of transmission gap, the UE may not be able to enter a particularly low-power sleep state and transitioning between sleep state and wake state incurs an energy cost.
Scheduling gaps however have the following advantages:
· Scheduling flexibility. Supporting gaps allows other UEs to be scheduled in the gaps. Without scheduling gaps, the eNB scheduler would have to make long term predictions / guesses regarding whether or not it is going to want to schedule other UEs during the period of the MTBG transmission. 
· Support for early termination. When scheduling gaps are used with interleaving, an HD-FDD UE or base station can signal successful receipt of transport blocks within the MTBG transmission, hence allowing for early termination of DL or UL transmissions. This can reduce power consumption at the UE.
We are not so convinced about the benefits of time diversity with scheduling gaps: time diversity can, in any case, be achieved with interleaved transmissions.
The negative effects of increased transmission delay and power consumption can be mitigated if the eNodeB can configure the scheduling gap. A zero-length scheduling gap leads to minimum transmission delay and power consumption. With this mitigation approach, the network can choose whether to optimize for transmission delay / power consumption or to optimize for scheduling flexibility / early termination. Hence we support a configurable scheduling gap, as per the following proposal:
Proposal 1: Scheduling gaps for multiple transport blocks can be supported, where a scheduling gap of between 0 and Nschedgap subframes can be configured by [RRC or DCI].
3. HARQ ACK / NACK feedback
HARQ bundling has been agreed to be supported in CE Mode A by RAN1 in RAN1#96bis. It was agreed in RAN1#94 that RAN1 would down-select between HARQ bundling and HARQ multiplexing. A consequence of the agreement to support HARQ bundling in CE mode A is hence that it has also been agreed to not support HARQ multiplexing in CE Mode A. 
It is for further study whether HARQ bundling or HARQ multiplexing are supported for CE Mode B.
HARQ bundling vs multiplexing in CE Mode B. 
The disadvantages with HARQ multiplexing were considered in [3] and are listed below:
· 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 amount of repetition required (and the associated power consumption) is a bigger issue for CE Mode B than for CE Mode A.
· While there are some specification impacts with supporting HARQ bundling, RAN1 has already committed to making these specification changes (according to the RAN1#96bis agreements). It seems to be unnecessary to make additional specification changes for additionally supporting HARQ multiplexing. 
Proposal 2: HARQ bundling is supported for CE Mode B for the MTBG feature.

HARQ bundling size.
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 1, the probability of a NACK being reported rises signficantly as the bundle size and PDSCH BLER increase. In order for the probability of the HARQ ACK-NACK report to indicate NACK with less than 50% probability, a compromise HARQ bundle size is 4 transport blocks. If more than 4 transport blocks are assigned in the MTBG feature, multiple HARQ bundle reports can be sent (e.g. for CE Mode A, if 8 transport blocks are sent, one HARQ bundle would report the status of the first 4 transport blocks and a second HARQ bundle would report the status of the second 4 transport blocks).     
Proposal 3: The maximum HARQ bundle size is 4.
[image: ]
[bookmark: _Ref528962804]Figure 1 - Probability of HARQ bundle reporting NACK as bundle size increases

When a HARQ bundle reports NACK, the eNB ideally needs to know which of the constituent transport blocks associated with the HARQ bundle needs to be re-transmitted. In order to allow signalling of the ACK / NACK status of individual transport blocks, 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 2.
[image: ]
[bookmark: _Ref528964455]Figure 2 – Transmission of individual ACK / NACK indications after a transmission of a HARQ-bundled NACK
Figure 2 shows:
· When all PDSCH are ACK-ed, a single bundled-ACK bit is sent on PUCCH. From Figure 1, when operating at a BLER target of 20%, this case occurs 40% of the time with a bundle size of 4. i.e. nearly 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 2 is shown in Figure 3. 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. For example with a HARQ bundle size of 4, there is a 20% reduction in PUCCH transmission at BLER = 20% and a 40% reduction at BLER = 10%.
[image: ]
[bookmark: _Ref528966136]Figure 3 - 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 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. Features that can be configured alongside MTBG 
In RAN1#96bis, the following features were identified that could potentially be used alongside the MTBG feature:
· 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

Our views on which features can be configured alongside MTBG are given in Table 1.
[bookmark: _Ref7799704]Table 1 – Features that can be configured alongside MTBG
	Feature
	Comment
	Supported with MTBG?

	New numbers of REP for PUSCH / modulation restrictions
	This feature was targeted at VoLTE, which does not seem to be a main motivation for MTBG 
	No

	2984 bit UL TBS
	Maximises UL throughput in good channel conditions. Increasing throughput is in-line with MTBG objectives
	Yes

	HARQ A/N bundling in CE Mode A
	MTBG will have to support its own HARQ A/N bundling scheme. It is not clear that this can be the same scheme as for Rel-14
	Rel-14 scheme not necessarily supported, but MTBG will support bundling

	5 / 20MHz channel bandwidths
	MTBG should be applicable to these bandwidths to maximise throughput
	Yes

	10 DL HARQ processes
	MTBG supports up to 8 transport blocks. We do not see the benefit of optimisations to support 2 “orphan” HARQ processes
	No

	Dynamic HARQ-ACK delay
	A feature targeted at VoLTE, which does not seem to be a main motivation for MTBG. It might be necessary to specify new HARQ-ACK delay relationships for MTBG, but these do not necessarily follow the Rel-14 scheme
	No

	Flexible starting PRB
	It should be possible to align MTBG transmissions with RBG for other UEs, so flexible starting PRB should be supported
	Yes

	Sub-PRB PUSCH
	One of the goals of sub-PRB PUSCH was to increase spectral efficiency, which is also a motivation for MTBG, so sub-PRB for PUSCH should be supported
	Yes

	64QAM in DL
	64QAM transmissions lead to higher spectral efficiency, which is consistent with MTBG
	Yes

	UL HARQ A/N feedback in DCI
	Supports early termination. MTBG should also support early termination schemes to reduce power consumption.
	Yes



Proposal 5. The following features could be configured to work alongside the MTBG feature:
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· 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

5. Summary of Proposals
This contribution has considered the scheduling of multiple DL / UL transport blocks and makes the following proposals:
Proposal 1: Scheduling gaps for multiple transport blocks can be supported, where a scheduling gap of between 0 and Nschedgap subframes can be configured by [RRC or DCI].
Proposal 2: HARQ bundling is supported for CE Mode B for the MTBG feature.
Proposal 3: The maximum HARQ bundle size is 4.
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.
Proposal 5. The following features could be configured to work alongside the MTBG feature:
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· 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
· [bookmark: _GoBack]Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
6. References
[1] 	R1-1905768, “RAN1 agreements for Rel-16 Additional MTC Enhancements for LTE”. WI rapporteur (Ericsson), RAN1#96bis, Xian, Apr 2019.
[2] 	R1-1905534, “Feature lead summary for Scheduling of multiple DL/UL transport blocks for LTE-MTC”. Ericsson, RAN1#96bis, Xian, Apr 2019.
[3]	R1-1904231. “On scheduling multiple DL / UL transport blocks”. Sony. RAN1#96bis, Xian. April 2019.


image3.png
Average number of PUCCH transmitted
Il Il Il Il Il Il Il Il Il

average number of PUCCH

indivdual PUCCH (default) — & -
PDSCH BLER = 10% —+—
PDSCH BLER = 20% —+—

bundle size (n)





image1.png
P(bundle NACK)

Probability of NACK in HARQ bundle

1 Il L L L L L L Il Il
PDSCH BLER = 10% —f—
PDSCH BLER = 20%
0.8 - =
06 L
04 - =
024 =
0 — T T T
00t 2 3 4 5 6 7 8 9 10

bundle size (n)




image2.png
All PDSCH ACK

PDSCH

Some PDSCH NACK

PDSCH

AND

N.m

dled

AND

ACK

3
//’

NACK

Nn

dled

individual

NACK

NACK

PUCCH

PUCCH




