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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#96bis and RAN1#97, we agreed the following on scheduling multiple DL / UL transport blocks [1]:
RAN1#96bis
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
RAN1#97


Working Assumption
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported.
· Till the RAN1#98 meeting, consider potential simplifications that can help achieve a tradeoff between scheduling flexibility and DCI size. For example:
· Configurable maximum number of TBs per grant 
· Maximum size of DCI 
· Joint coding of DCI fields
· Reduced TBS choices
· Reduced resource allocation choices
· Reduced/eliminated RV field

Working Assumption
For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI]
· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs
· FFS: Details on the scheduling gap such as duration, applicability, etc.

Agreement
For scheduling of multiple TBs with SC-MTCH, scheduling gaps are supported.

Agreement
For scheduling of multiple TBs with SC-MTCH, a DCI field indicates the number of scheduled TBs.

This contribution discusses the following remaining issues on scheduling of multiple DL / UL transport blocks:
· Use of scheduling gaps for multiple TBs: confirmation of the working assumption and details on the scheduling gap configuration and operation
· Scheduling of initial transmissions and re-transmissions within one DCI
· 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
Whether to support scheduling gaps or not
In RAN1#97 Reno, there was a working assumption that scheduling gaps would be supported within an MTBG transmission. In [3], we observed that while scheduling gaps had the potential to increase transmission delay and power consumption, provided the scheduling gap operation was configurable, the eNB could control and mitigate for these negative effects. Scheduling gaps however provided significant benefits in terms of scheduling flexibility and the support for early termination. Hence our overall view is that scheduling gaps should be supported for MTBG and that the working assumption should be confirmed.

Proposal 1: Confirm the working assumption:
For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI]
· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs
· FFS: Details on the scheduling gap such as duration, applicability, etc.

Configuration of scheduling gaps
There are two choices for the configuration of scheduling gaps (according to the working assumption from RAN1#97 Reno): via RRC or via DCI.
At the time of scheduling an MTBG transmission, the eNB is unlikely to know what data might need to be scheduled in the future. Indeed, if the eNB knew that something needed scheduling at a specific time in the future, it would either not use MTBG or transmit a small number of transport blocks within the MTBG transmission (such that the MTBG transmission didn’t collide the data to be scheduled in the future). Hence the eNB is not likely to dynamically decide to insert scheduling gaps, rather the use of scheduling gaps would be a semi-static decision, e.g. based on an eNB scheduling policy. Since the decision to use scheduling gaps is likely to be a semi-static decision, we think that the use of RRC signaling is a suitable method for configuring scheduling gaps.
Proposal 2: MTBG scheduling gaps are configured by RRC.
The aspects of the scheduling gaps that should be configured include:
· Duration of scheduling gaps (i.e. how long the scheduling gap is in terms of number of subframes).
· Number of subframes of MTBG transmission before a scheduling gap is inserted.
· Offset of scheduling gap. The SFN at which a scheduling gap commences (i.e. time offset of the start of the scheduling gap) would need to be known to the UE. Although it is likely that scheduling gaps within a narrowband and between narrowbands would need to be aligned in order to allow other UEs (e.g. smartphones) to be scheduled across a wide bandwidth in the scheduling gap, flexible signaling of the time offset of the scheduling gap would allow the eNB to align scheduling gaps as a scheduling policy. 
The above configurations can all be semi-statically signaled via RRC signaling.
Proposal 3: RRC signaling configures the following aspects of MTBG scheduling gaps:
· Duration of scheduling gap
· Number of subframes of MTBG transmission before a scheduling gap is inserted
· Time offset of scheduling gap

Scheduling other UEs during a scheduling gap
One of the major reasons for supporting scheduling gaps is to allow other UEs to be scheduled during an ongoing MTBG transmission. The MTBG scheduling gap thus provides previously unallocated time and frequency resources to allow PDSCH / PUSCH to the transmitted to and from other UEs, including non-MTC UEs (such as smartphones or other legacy LTE devices).
At the time of scheduling an MTBG transmission, the eNB does not know how much resource will be required for scheduling other UEs, so it would be desirable to include the functionality of either extending the scheduling gap or terminating the MTBG transmission early within the scheduling gap. 
Figure 1 shows a case where the scheduling gap cannot be extended (or the MTBG transmission cannot be early-terminated). The figure shows an 8 transport block MTBG transmission that is split into two sets of 4 transport block segments, separated by a scheduling gap. The scheduling gap is shown as being sufficient to schedule a wideband transmission across the system bandwidth to a smartphone (allocation A). However the scheduling gap is insufficient for scheduling allocation B to a different smartphone, since allocation B requires more time resources than are available during the scheduling gap.
[image: ]
[bookmark: _Ref16883114]Figure 1 - Allocating other UEs during an MTBG scheduling gap
Hence it is apparent that to gain the most general benefit from the use of scheduling gaps, it should be possible to either extend the scheduling gap or early terminate the MTBG transmission. Our preference would be to early terminate the MTBG transmission in the scheduling gap (and then re-schedule the un-transmitted portions of the MTBG transmission at a later time), since this provides greater scheduling flexibility than extension of the scheduling gap (the scheduler is unlikely to know by how much the scheduling gap needs to be extended when it schedules another UE within the scheduling gap).
Figure 2 shows early termination of an 8-TB MTBG transmission, where the early termination signaling occurs during the scheduling gap. Originally an 8-TB MTBG transmission is scheduled by MPDCCH (M1), but during the scheduling gap, the scheduler decides to allocate resources to a smartphone, where the duration of the allocated resources is longer than the scheduling gap. Hence the eNB sends an MPDCCH (M2) to early terminate the second half of the 8-TB MTBG transmission. Once the allocation to the smartphone has finished, the eNB can send another MPDCCH (M3) to the eMTC UE to re-schedule the last 4 transport blocks (TBs 5 to 8) of the MTBG transmission.
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[bookmark: _Ref16884412]Figure 2 – Early termination signalling during an MTBG scheduling gap
Proposal 4: During the scheduling gap, an MPDCCH can early terminate an MTBG transmission.

3. Scheduling of initial transmissions and re-transmissions 
The following working assumption was made at RAN1#97 Reno regarding the DCI design for scheduling initial transmissions and re-transmissions:
Working Assumption
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported.

This working assumption seems reasonable as it provides a compact way to schedule initial and re-transmissions within a single DCI. In order to support this functionality, there needs to be a large amount of commonality between the initial transmission and the re-transmission. E.g. it is expected that the initial transmission and re-transmission would share the same transport block size.
We expect that the DCI would support an “NDI bitmap” that indicates the transmission / re-transmission status of each transport block in the MTBG transmission. The length of the NDI bitmap would be the maximum number of transport blocks that could be scheduled in an MTBG transmission and each bit in the bitmap would indicate whether the corresponding transport block was an initial transmission or a re-transmission. For example, the NDI bitmap in MPDCCH M1 of Figure 3 indicates that for the first multi-TB transmission, TBs 1,2,3,4,5,6,7,8 are initial transmissions: NDI bitmap = {0,0,0,0,0,0,0,0}. The 2nd and 8th transport blocks are NACK-ed, requiring a re-transmission of these transport blocks. New data appears in the DL buffers of the eNB, meaning that the second MTBG transmission consists of re-transmissions of TBs 2 and 8 and initial transmissions of TBs 9,10,11,12,13,14. The “NDI bitmap” of the second MPDCCH, scheduling the second MTBG transmission thus indicates {1,0,1,1,1,1,1,0}. 
[image: ]
[bookmark: _Ref16886503]Figure 3 – Re-transmissions of transport blocks in an MTBG transmission via a multi-bit NDI field
Re-transmission via the multi-bit NDI field is efficient when there is sufficient data in buffers to fully occupy a follow-on MTBG transmission (the second MTBG transmission in Figure 3), but is not efficient when there is insufficient data. For example, consider the case where there are initially 8 transport blocks to transmit in an MTBG transmission, 2 of those TBs are NACKed and during a re-transmission 3 new TBs are also scheduled to be transmitted by the eNB: Figure 4. Due to the constraints of the multi-bit “NDI bitmap”, the second MTBG transmission needs to consist of 8 transport blocks, of which only 5 are active (re-transmission of transport blocks 2 and 8 and initial transmissions of transport blocks 9,10,11): the other 3 transport blocks that are transmitted contain dummy data (no higher layer MAC PDUs) due to the constraints of the NDI bitmap signaling. The UE has to decode these transport blocks containing dummy data, since the “dummy” status is only known at higher layers following physical layer decoding. Decoding transport blocks containing dummy data increases UE power consumption and should be avoided.
[image: ]
[bookmark: _Ref16888047]Figure 4 - Re-transmission of transport blocks in an MTBG transmission when there is insufficient data to fill the second MTBG transmission
Observation 1: Use of an NDI bitmap can lead to the need to transmit dummy data in transport blocks, increasing UE power consumption.
The transmission of dummy data can be avoided by the UE interpreting the NDI bitmap field in conjunction with the HARQ ACK / NACK feedback that it had provided. This scheme works on the basis that if the UE had sent “ACK” in response to a transport block, the eNB would not re-transmit that transport block to a UE. Hence if the eNB does not toggle an NDI bit after the UE has reported ACK for a transport block, it means that there is no data to send in the corresponding HARQ process. Hence the status of transmission / re-transmission or no-transmission of a transport block within a HARQ process can be derived based on the HARQ ACK/NACK signalling from the UE and the NDI bitmap, as described in Table 1. 
[bookmark: _Ref16889014]Table 1 – Determination of transport block status based on NDI bit and HARQ ACK/NACK status
	NDI bit
	HARQ ACK/NACK status for previous transmission in HARQ process
	meaning

	Toggled
	ACK
	Initial transmission

	Toggled
	NACK
	Initial transmission

	Stable (not toggled)
	ACK
	No transmission

	Stable (not toggled)
	NACK
	Re-transmission


 
[bookmark: _GoBack]Figure 5 illustrates how the UE can determine that “no data” is transmitted in some transport blocks of an MTBG transmission. The figure shows that transport blocks 5,6,7 are received correctly by the UE (and the UE will hence respond with ACKs for these transport blocks: a HARQ A/N feedback bitmap of {A,N,A,A,A,A,A,N} would be transmitted by the UE on PUCCH). An MPDCCH, M2, signals a re-transmission with an NDI bitmap of {1,0,1,1,0,0,0,0}. Since there were HARQ processes that were ACK-ed and the NDI bits were not toggled (see red text in the previous bit strings), the UE understands that no data will be transmitted in those HARQ processes (and the UE can save power by not decoding the associated transport blocks).
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[bookmark: _Ref16889402]Figure 5 – Signalling “no data” in an MTBG transmission through a combination of ACK/NACK status and NDI bitmap
Proposal 5. For an MTBG transmission, when the UE signals ACK for a HARQ process and the NDI bit is not toggled when that HARQ process is subsequently used, the UE understands that no data is transmitted in that HARQ process. 
Note that the above proposal is applicable to both the DL and UL. The power saving is likely to be greater for the UL case.
4. HARQ ACK / NACK feedback
This section is a resubmission of the corresponding section from [3], since there was no conclusion on this issue in RAN1#97 Reno.
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 [2] 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 6: 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 6, 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 7: The maximum HARQ bundle size is 4.
[image: ]
[bookmark: _Ref528962804]Figure 6 - 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 7.
[image: ]
[bookmark: _Ref528964455]Figure 7 – Transmission of individual ACK / NACK indications after a transmission of a HARQ-bundled NACK
Figure 7 shows:
· When all PDSCH are ACK-ed, a single bundled-ACK bit is sent on PUCCH. From Figure 6, 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 7 is shown in Figure 8. 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 8 - 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 proposal is made:
Proposal 8: 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.

5. Features that can be configured alongside MTBG 
This section is a resubmission of the corresponding section from [3], since there was no conclusion on this issue in RAN1#97 Reno.
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 2.
[bookmark: _Ref7799704]Table 2 – 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 8. 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

6. Summary of Proposals
This contribution has considered the scheduling of multiple DL / UL transport blocks and makes the following proposals:
Proposal 1: Confirm the working assumption:
For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI]
· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs
· FFS: Details on the scheduling gap such as duration, applicability, etc.

Proposal 2: MTBG scheduling gaps are configured by RRC.
Proposal 3: RRC signaling configures the following aspects of MTBG scheduling gaps:
· Duration of scheduling gap
· Number of subframes of MTBG transmission before a scheduling gap is inserted
· Time offset of scheduling gap
Proposal 4: During the scheduling gap, an MPDCCH can early terminate an MTBG transmission.
Proposal 5. For an MTBG transmission, when the UE signals ACK for a HARQ process and the NDI bit is not toggled when that HARQ process is subsequently used, the UE understands that no data is transmitted in that HARQ process. 
Proposal 6: HARQ bundling is supported for CE Mode B for the MTBG feature.
Proposal 7: The maximum HARQ bundle size is 4.
Proposal 8: 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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