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1 Introduction

In RAN1#95 meeting, the following agreements were achieved [1].

	Agreement

· For CEmodeA, the maximum number of scheduled transport blocks with one single DCI is 8 in the UL, 8 in the DL
Agreement

The following working assumption is confirmed

· For CEmodeB, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, 4 in the DL
Agreement 

· For both UL and DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 

· Above applies only for valid subframes within the consecutive resource allocation in time

· FFS: Whether time gaps between two TBs is also supported
For future meetings in Rel-16 eMTC:

· Further consider which Rel-14/15 features that should be possible to configure together with scheduling of multiple DL-UL transport blocks.
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)
For next meeting

· For unicast when multi-TBs are scheduled, companies are encouraged to bring in DCI designs which can support

· scheduling of initial and retransmission TBs within one DCI

· scheduling of initial TBs within one DCI, and retransmissions with one DCI

· scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI

· RAN1 tries to make a decision on which case is specified in the next meeting based on the trade-off between DCI overhead and scheduling flexibility comparisons of the three cases.
Agreement

· 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.
Agreement

· For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 

· FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)

· Include in LS to RAN2, RAN4.
Agreement

· The maximum number of TBs for multicast is 8.


This contribution provides further discussion on multiple transport blocks (TBs) scheduling. 
2 Time-interleaving for multiple TBs scheduled in single DCI
As illustrated in Figure 1 and Figure 2, compared with non-time-interleaving scheduling, time-interleaving scheduling can be adopted to achieve more time diversity gain. However, for UEs in deep coverage scenario, each TB has repeated a larger number of subframes and most of the time diversity gain has been achieved. Thus the additional time diversity gain achieved via time-interleaving might be limit in deep coverage scenario. For UEs with good channel condition, the time diversity gain achieved via time-interleaving are also not clear, because the channel varies very slow. Therefore, evaluation is needed before introducing the time-interleaving in multiple TBs scheduling.
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Figure 1 Time-interleaving transmission
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Figure 2 Non time-interleaving transmission
Proposal 1: Perform evaluation of time-interleaving transmission in multiple TBs scheduling.  
According to the existing RV updating rule, RV changes every Nacc absolute subframes. However, the time-interleaving may affect the RV updating principle. As shown in Table 1 for CEModeB UEs in FDD mode, each TB repeats 4 subframes before interleaved with other TBs. Assuming that 4 TBs are scheduled in one single DCI and the TBs are interleaved every 4 subframes, then the RVs for all the TBs are always the same, which will seriously affected the decoding performance. Therefore, the RV updating principle should be carefully redesigned for multiple TBs scheduling with time-interleaving.
Table 1. RV updating

	SF
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	RV
	0
	0
	0
	0
	2
	2
	2
	2
	3
	3
	3
	3
	1
	1
	1
	1
	0
	0
	0
	0
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Observation 1: Time-interleaving may affect the RV updating principle.
For the frequency hopping principle, the absolute frequency hopping interval ({1, 2, 4, 8}/ {1, 5, 10, 20} for FDD/TDD in Mode A; {2, 4, 8, 16}/ {5, 10, 20, 40} for FDD/TDD in Mode B) is used and 2/4 candidate narrowbands are configured. However, the time-interleaving may affect the existing frequency hopping design. For example, the PRB location shall keep the same during the repetition transmission with the assumption frequencyhopping-interval=4, TBs number scheduled in one single DCI is 8, and the candidate narrowband number is 2. As shown in Figure 3, we can find out that although frequency hopping is configured, no frequency hopping happens to a specific TB.
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Observation 2: Time-interleaving may affect the frequency hopping.
Proposal 2: RV updating rule and the frequency hopping pattern should be considered if time-interleaving is supported for multiple TBs scheduling.  
3 Multiple TBs scheduling for unicast

To reduce control channel traffic load, especially in deep coverage area where eNB needs to perform a large number of MPDCCH repetition, one control information scheduling multiple TBs is an essential method to address this issue for slowly varying scenario. With the assumption of N TBs scheduled by one control information, this solution can save N-1 MPDCCH resources.
In the following, the technical issues related to multiple TBs scheduling for unicast are discussed.

3.1 Scheduling gap

The scheduled multiple TBs can be transmitted continuous or discontinuous as illustrated in Figure 4 and Figure 5. For continuous scheduling, the transmission delay is short, but the resources will be occupied for the whole transmsission. Especially when the repetition number is large, continuous scheduling will have impact on the transmission of other UEs. While for discontinuous transmission, the scheduling gap can be used by other UEs. But the transmission delay will be larger. So it is a tradeoff between transmission delay and scheduling flexibility for other UEs.  Generally MTC UEs are insensitive to time delay, the transport block can be schedlued discontinuosly to obtain the additional time diversity gain. 
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Proposal 3: Both continuous and discontinuous scheduling for mutiple TBs should be supported.
3.2 Multiple TBs Retransmission
For MTC, asynchronous HARQ retransmission is supported. For multiple TBs retransmission, there are two potential solutions, i.e. scheduling multiple TBs retransmission independently from the initial scheduling, and scheduling multi-TBs retransmission and initial transmission simultaneously as depicted in Figure 6 and Figure 7 respectively.
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For independent retransmission scheduling, the complexity of the DCI design is lower compared with the mixed scheduling, but more DCIs are needed. On the contrary, for mixed scheduling, the MPDCCH resources are saved at the expense of more complex DCI design.

In order to support a more flexible scheduling, both independent and mixed retransmission scheduling should be supported. A flag bit can be used to differentiate these two types of retransmission scheduling.

Proposal 4: Both independent and mixed retransmission scheduling should be supported for multiple TBs scheduling.

3.3 DCI design
It has been agreed that the UE should only monitor one DCI size in the UE specific search space [2]. So the changes of the DCI size should be minimized. In the following, different mechanisms to reduce the DCI size are discussed.
3.3.1 Common fields across all TBs

The following parameter values are agreed to be the same across all TBs scheduled by one DCI. 
· DL unicast: 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.

· UL unicast: Frequency-hopping flag, TPC command.
If multiple TBs are scheduled for DL unicast of a UE with slow time-varying channels, the scheduling strategy can be the same within the multiple TBs transmission. Therefore, the fields of MCS, RV, Resource assignment, Number of PDSCH repetitions can be the same. Similarly, for UL unicast, the fields of MCS, RV, Resource assignment, Repetition number also can be the same across all TBs.
Proposal 5: For DL unicast of a UE, the following parameter values can be the same across all TBs scheduled by one DCI: MCS, RV, Resource assignment, Number of PDSCH repetitions.
For UL unicast of a UE, the following parameter values can be the same across all TBs scheduled by one DCI: MCS, RV, Resource assignment, Repetition number.
3.3.2 DCI size reduction mechanism
When multiple TBs are scheduled by one DCI, each of the HARQ process has three states: initial transmission, retransmission and not scheduled. Then for CEModeA UEs, there are total 38 states and 13 bits are needed to indicate all the states, which will largely increase the DCI size and is not acceptable. So corresponding DCI size reduction mechanism should be applied. In general, two methods can be used: enacting restrictions on scheduling and joint encoding different fields of the DCI.
Introducing reasonable restrictions
According to the actual scheduling, only part of scheduling states is used frequently, and some of the states will rarely be used. Motivated by this phenomenon, we can scarify certain scheduling flexibility to reduce the DCI size. 
The HARQ process number is used to associate a HARQ buffer with a TB. So the used HARQ process number is less important compared with scheduling TB number. When multiple TBs are scheduled, it is not necessary to support arbitrary HARQ process number indication for different TBs and continuous HARQ process number is enough for multiple TBs scheduling. Multiple TB scheduling is enabled only when the data traffic is very large. Therefore, during the data transmission, you can always find initial TBs and retransmission TBs to construct a continuous HARQ process number. Compared with arbitrary HARQ process number indication, continuous HARQ process number indication does not cause any performance loss and introduce very limited scheduling flexibility, but continuous HARQ process number indication can save more bits. For example, for continuous HARQ process number indication, each scheduled HARQ process has two states: initial transmission and retransmission. Then only 9 bits are needed to indicate the number of scheduled 8 TBs, which can save 3 bits compared arbitrary HARQ process number indication. 
Proposal 6: For DL/UL unicast of a UE, the HARQ processes number for the scheduled multiple TBs is continuous.

However, the needed bits are still too large, so other restrictions can be considered, for example retransmission TB number, starting HARQ process number and so on.
Joint encoding

Some of fields in the DCI are dependent with each other, so they can be encoded together to reduce the redundancy states. For example, when multiple TBs are scheduled continuously, a start process number and a length of the scheduled TB can indicate both the scheduled number of TBs and the used HARQ processes.  In addition, the repetition number of DCI or PDSCH/PUSCH partially represents the channel quality, so it can be joint encode with MCS and/or resource assignment fields. 
Proposal 7: For DL/UL unicast of a UE, different fields of the DCI should be jointly encoded in order to reduce the DCI size.
3.4 HARQ ACK/ACK feedback MPDCCH monitoring occasions
In the exiting specification, the starting subframe of MPDCCH UE-specific search space satisfying the condition
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for UE-specific search space as shown in the following Figure 8.
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As one control information is used for scheduling multiple TBs, UE can skip monitoring next MPDCCH before receiving/transmitting all the transport blocks corresponding to the last MPDCCH. Thus MPDCCH monitoring occasions can be considered to be reduced to save eNB and UE power consumption.
Proposal 8: Consider reducing MPDCCH monitoring occasions for multiple TBs scheduling. 
3.5 Multiple TBs timing
For single transport block scheduling, the delay between MPDCCH and DL transmission is 2 BL/CE subframes, and that is 4ms for the offset between DL transmission and ACK/NACK feedback for FDD. The delay between MPDCCH and UL transmission is 4 absolute subframes, and the HARQ retransmission is scheduled via MPDCCH. 
For multiple transport block scheduling, as discussed in Section 4.1, continuous and discontinuous transmission type might apply different timing relationship. Thus, the timing relationships, including timing relationship between MPDCCH and each DL transport block, the timing relationship between each DL transport block and ACK/NACK feedback, and the timing relationship between MPDCCH and each UL transport block.

Proposal 9: The following timing relationships should be studied.
· MPDCCH and each DL transport block 

· each DL transport block and ACK/NACK feedback

· MPDCCH and each UL transport block
4 Multiple TBs scheduling for SC-PTM
4.1 Multiple TBs scheduling for SC-MTCH
With respect of the maximum TBs scheduled via one DCI, the design is not limited by the capability of HARQ process number because of no retransmission used in SC-PTM. The traffic load can be taken into account while discuss the maximum TB number for SC-PTM. 
The maximum TBS of PDSCH carrying SC-MTCH is limited to be 1000bits and 4008 bits for 1.4MHz capable UE and 5MHz capable UE respectively. The SC-MTCH shall be divided into multiple TBs based on different MBMS traffic. The SC-PTM mechanism are designed mainly for MTC device software update, public safety, critical communications and rollout of firmware which are transmitted continuously in short duration. If the traffic occurs infrequently, eNB could configure the UE to changes its state to DRX to save power. From the view of traffic type, the continuous transmission type discussed in section 4.1 is preferable. However, from the view of back compatibility, legacy UE interested broadcast shall also receive SC-MTCH. Thus the back compatibility might be considered while discuss the transmission type.  
Conclusions
In this contribution, some aspects of multiple TBs scheduling are discussed, and the following observations and proposals are given:
Observation 1: Time-interleaving may affect the RV updating principle.

Observation 2: Time-interleaving may affect the frequency hopping.
Proposal 1: Perform evaluation of time-interleaving transmission in multiple TBs scheduling.  
Proposal 2: RV updating rule and the frequency hopping pattern should be considered if time-interleaving is supported for multiple TBs scheduling.  
Proposal 3: Both continuous and discontinuous scheduling for mutiple TBs should be supported.
Proposal 4: Both independent and mixed retransmission scheduling should be supported for multiple TBs scheduling.

Proposal 5: For DL unicast of a UE, the following parameter values can be the same across all TBs scheduled by one DCI: MCS, RV, Resource assignment, Number of PDSCH repetitions.
For UL unicast of a UE, the following parameter values can be the same across all TBs scheduled by one DCI: MCS, RV, Resource assignment, Repetition number.

Proposal 6: For DL/UL unicast of a UE, the HARQ processes number for the scheduled multiple TBs is continuous.

Proposal 7: For DL/UL unicast of a UE, different fields of the DCI should be jointly encoded in order to reduce the DCI size.

Proposal 8: Consider reducing MPDCCH monitoring occasions for multiple TBs scheduling. 
Proposal 9: The following timing relationships should be studied.

· MPDCCH and each DL transport block 

· each DL transport block and ACK/NACK feedback

· MPDCCH and each UL transport block
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