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

Recommendation for future meetings:
The use of scheduling gaps for unicast/multicast is further studied.

Agreement
Support option 3 from below
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
Above applies for unicast only.

Agreement
For the DL/UL unicast for a UE, when multiple TBs are scheduled by one DCI, the parameter values for {MCS, Resource assignment, Repetitions} are the same across all the TBs scheduled by that DCI.
If specified, in the case where one DCI schedules TB for both initial and retransmission, the above applies for TBs for both initial and retransmission

The feature lead summary for the RAN1#96 Athens 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 
· Scheduling of transmissions and re-transmissions 
2. Use of scheduling gaps for multiple TBs
Table 1 summarises the views on support of scheduling gaps from Tdocs submitted to RAN1#96 Athens.
[bookmark: _Ref4704997]Table 1 – Company views on support of scheduling gaps from RAN1#96 Athens
	Scheduling Gaps
	Contiguous transport blocks
	References

	Gaps can be used to schedule other UEs. 
	Blocking of UEs
	Huawei [3], Ericsson [5]

	Scheduling complexity, resource fragmentation
	
	Intel [13]

	Transmission delay is increased
	Shorter transmission delay
	Huawei [3], ZTE [6], LGE [8]

	Time diversity

	Less time diversity

	Huawei [3], ZTE [6], LGE [8], Intel [13]

	Increased power consumption, although this is tempered by the time diversity benefit
	
	ZTE[6], LGE [8]



Our views on these issues are summarized below:
Scheduling. While gaps can increase scheduling opportunities for other UEs, existing eMTC releases already supports long transmissions when UEs are scheduled with many repetitions. Given that current releases support long transmissions, we feel that contiguous transmissions do not make this situation significantly worse.
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.
Time diversity. Scheduling gaps will increase time diversity. Depending on the channel and the length of the scheduling gap, gains of up to 2.5dB can be observed [14]. However these gains are dependent on the overall length of the transmission in comparison to the coherence time of the channel. Time diversity can be supported through interleaved transmissions, which can be configured by the eNodeB, according to decisions in RAN1#96b Athens.
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.
It has already been agreed that contiguous transmission of multiple transport blocks is supported. Is it really necessary to additionally support a mode of transmission with scheduling gaps? Our main concerns are power consumption and transmission delay, where contiguous transport blocks are superior. Hence our preference is that scheduling gaps are not supported.
Proposal 1: Scheduling gaps for multiple transport blocks are not supported.
3. HARQ ACK / NACK feedback
The method of HARQ ACK/NACK feedback signalling when mutliple transport blocks are scheduled has not yet been agreeed in RAN1. 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.
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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 2: HARQ bundling is supported.
Proposal 3: 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. Scheduling of initial transmissions and re-transmissions
Based on the RAN1#95 Spokane meeting, the following methods of scheduling initial transmissions and re-transmissions were outlined:
1. [bookmark: _Hlk529982230]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

Important decision criteria for making the choice between the schemes include DCI overhead and scheduling flexibility. 
Companies expressed the following views on the schemes:
Scheduling of initial and retransmission TBs within one DCI
· Large number of DCI bits required if each TB can have separate RV, NDI, MCS, Number of RUs [4][10]
· The DCI size can be minimized if there is a semi-static TBS that is applied to both transmissions and re-transmissions. 
· Minimises the required number of DCI / minimizes control overhead [8][9][11]
Scheduling of initial TBs within one DCI and retransmissions within one DCI
· Fewer DCI bits since {RV,NDI,MCS,#RU} can be common for all transport blocks assigned by the DCI [4].
· Increase in the number of DCI that need to be transmitted (compared to initial and retx being scheduled within one DCI) [4]
· Throughput loss for a particular scheduling approach [11]
Scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI
· Large number of DCI required for re-transmissions when iBLER = 50% (which can be a preferred operating point for minimizing UE power consumption) [4]
· The default case. The eNodeB can choose this method of scheduling re-transmissions regardless of whether the other two scheduling approaches are supported in Rel-16 [10].

Scheduling of re-transmissions by individual DCI causes a significant increase in DCI load when the iBLER is high, i.e. at a power-efficient operating point. Despite this, our understanding is that the eNodeB could implement scheduling of re-transmissions by individual DCI using Release-15 specs in any case, hence there is no need to preclude this method in the current work item. 
The choice that has to be made is thus whether to additionally support (1) scheduling of initial and retransmission TBs within one DCI or (2) scheduling of initial TBs within one DCI and retransmissions within one DCI. Either of these two schemes is workable, though our impression is that the scheduling of initial and retransmission TBs within one DCI will lead to increased specification impact and more discussion in RAN1. Constraining initial transmissions and re-transmissions to use the same transport block size also seems like a significant scheduling constraint for network vendors. Hence our preference is that initial TBs are scheduled within one DCI and retransmissions are scheduled within another DCI.
Proposal 4: Initial TBs are scheduled within one DCI and retransmissions are scheduled within another DCI.

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 are not supported.
Proposal 2: HARQ bundling is supported.
Proposal 3: 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 4: Initial TBs are scheduled within one DCI and retransmissions are scheduled within another DCI.
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