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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
This document considers the following issues related to transmission of multiple DL/UL transport blocks:
· HARQ feedback operation when multiple DL transport blocks are scheduled. 
· Common parameter values across TBs
· Support of interleaved allocations
· Scheduling of re-transmissions
· Support of interleaved allocations
2. 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. 
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[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.
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[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.
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[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 1: HARQ bundling is supported.
Proposal 2: 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.
3. [bookmark: _Ref1156437]Common parameters across all TBs
According to the following agreements from RAN1#95 Spokane, it is FFS which parameters should be the same across all TBs:
Agreement
For the DL unicast for a UE, when multiple TBs are scheduled by one DCI, the following parameter values are the same across all the TBs:
· Frequency-hopping flag, PMI confirmation (TM6-specific), Precoding information (TM6-specific), DM-RS scrambling / antenna ports (TM9-specific), Downlink assignment index (TDD-specific), PUCCH power control
· FFS: MCS, RV, Resource assignment, Number of PDSCH repetitions

Agreement
For the UL unicast, when multiple TBs are scheduled by one DCI, the following parameter values are the same across all the TBs:
· Frequency-hopping flag, TPC command
· FFS: MCS, RV, Resource assignment, Repetition number, Downlink assignment index (TDD-specific)

There are several issues with having different parameters across different TBs:
· DCI size and design. Presumably the parameter of each TB (or subset of TBs) would have to be signalled explicitly and this would complicate and enlarge DCI design.
· Utility. Having different MCS or resource assignment between different TBs would imply different transport block sizes. We think the main use of the “scheduling multiple transport blocks” feature is to allow the segmented transmission of data packets whose size is larger than the TBS capability of the UE (e.g. to allow the transmission of an 8000 bit packet by scheduling 8 x 1000 bits TBs at one time). We then do not see the need to have unequal segmentation between these transport blocks.
· Reliability. We envisage each TB having the same reliability requirements. If this is the case (and if each TB has the same size), then each TB would require the same number of repetitions.
Hence we do not see the need for different TBs within a set of multiply-scheduled TBs to have different parameters and make the following proposal.
Proposal 3: The MCS, RV, Resource assignment and number of PDSCH / PUSCH repetitions is the same for each TB within a set of multiply scheduled TBs.
4. Scheduling of retransmissions
Based on the agreements at RAN1#95 Spokane, it is FFS how to schedule initial transmissions and re-transmissions. In terms of DCI design, the following options have to be down-selected between:
1. scheduling of initial and retransmission TBs within one DCI
2. scheduling of initial TBs within one DCI, and retransmissions with one DCI
3. scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI

Scheduling of initial transmissions and retransmissions in one DCI
There are many permutations and combinations of initial transmission and re-tranmission. If a single DCI is to describe all of these combinations, the DCI design is likely to become large and complex. The DCI design would have to signal which TBs are for initial transmission and which are for re-transmission. Given that the “initial” transport blocks and the “retransmission” transport blocks may have different sizes, there is scope for further DCI size increase and complexity. Due to the specification impact and meeting time that would be associated with scheduling initial and retransmission TBs within one DCI, we do not support this option.
Scheduling of initial TBs within one DCI, and retransmissions with one DCI
It is clear that initial transport blocks can all be scheduled within a single DCI. If this is the case, it should also be possible to schedule re-transmissions of those transport blocks within a single DCI (since the parameters of those transport blocks will be common).
In terms of signalling which transport blocks are being re-transmitted, it is assumed that all re-transmitted transport blocks are associated with the same set of initially transmitted transport blocks. This would mean that all of the re-transmitted transport blocks would share the same parameters (MCS, RV, resource assignment, REP), according to our proposal in section 3. The DCI size for the “retransmission case” would be larger than that for the “initial transmission” case, since the retransmission DCI would need to indicate which TBs are being re-transmitted: this could presumably be signalled with a bitmap. 
Scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI 
The scheduling of retransmissions by individual DCI is default behaviour from release-15. If multiple retransmiussions are not scheduled via a single DCI (the above case), then this form of retransmission signalling should be supported.
Proposal 4: Scheduling of initial transmissions and re-transmissions in one DCI is not supported.
Proposal 5: RAN1 can further consider the scheduling of multiple retransmissions with one DCI.
Observation: The default behaviour, carried over from Release-15, is that re-transmissions of TBs are scheduled by individual DCI.
5. Interleaved Allocations
The following agreement was made at RAN1#95 Spokane:
For the case of single DCI scheduling multiple transport blocks with repetitions, scheduling of transport blocks repetitions is down selected between:
· Option 1: All the repetitions for one transport block are contiguously scheduled in valid UL/DL subframes
· Option 2: The repetitions for one transport block are interleaved with repetitions of all the other transport blocks
· Option 3: Option 1 and 2 are supported and eNB configures among them.

The main benefit of supporting interleaved transmissions is time diversity. The time diversity benefits were simulated in [5] and found to be in the range of 0.5 – 2.5dB. The gain is larger when the time duration of the interleaved transmissions is larger than the coherence time of the channel, which is to be expected. There is reduced gain when the PDSCH or PUSCH transmissions are also frequency hopped, which is again expected. The gain of interleaved transmissions when frequency hopping is applied is still up to 2dB [5]. The effectiveness of either frequency hopping or time diversity are channel dependent. For example, there are flat fading channels where frequency hopping is ineffective, just as there are slowly changing channels where time-diversity is ineffective. The support to time-diversity through interleaved transmissions is a useful technique to support robustness of eMTC operation over a variety of different channel types. 
The complexity of decoding time-interleaved transmissions should be no greater than that of non-interleaved transmissions: in CE mode A, the UE has soft buffer memory sufficient for each of the transport blocks. The UE has to feed the received samples of the interleaved transport blocks into the appropriate soft buffer and perform soft combining, but this is an operation that the UE has to be able to perform for HARQ soft-decoding through retransmissions in any case. Hence we do not see there being a complexity issue with supporting interleaved transmissions.
Given that there are significant performance gains from supporting interleaved transmissions and there is a negligible complexity impact, we make the following proposal:
Proposal 6: The repetitions for one transport block are interleaved with repetitions of all the other transport blocks
6. Summary of Proposals
This document has considered the support of scheduling multiple transport blocks for MTC and makes the following observations and proposals.
On HARQ ACK/NACK feedback:
Proposal 1: HARQ bundling is supported.
Proposal 2: 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.
On common parameters across all TB:
Proposal 3: The MCS, RV, Resource assignment and number of PDSCH / PUSCH repetitions is the same for each TB within a set of multiply scheduled TBs.
On scheduling of retransmissions:
Proposal 4: Scheduling of initial transmissions and re-transmissions in one DCI is not supported.
Proposal 5: RAN1 can further consider the scheduling of multiple retransmissions with one DCI.
Observation: The default behaviour, carried over from Release-15, is that re-transmissions of TBs are scheduled by individual DCI.
[bookmark: _GoBack]On interleaved allocations:
Proposal 6: The repetitions for one transport block are interleaved with repetitions of all the other transport blocks
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