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1 Introduction

In RAN1#96 meeting, the following agreements were achieved [1]:
	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




This contribution provides further discussion on multiple transport blocks (TBs) scheduling. 
2 Interleaving
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 Fig. 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 affect the decoding performance. Therefore, the RV updating principle should be carefully redesigned for multiple TBs scheduling with time-interleaving.


[image: image1]
Observation 1: Time-interleaving may affect the RV updating behavior.
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 will keep the same during the repetition transmission as shown in Fig. 2, assuming frequencyhopping-interval=4, the number of TBs scheduled in one single DCI is 8 and the candidate narrowband number is 2. As a result, we can observe that although frequency hopping is configured, no benefits of frequency hopping can be obtained for a certain TB.


[image: image2]
Observation 2: Time-interleaving may affect the frequency hopping.
Proposal 1: The RV updating rule and the frequency hopping pattern need to be enhanced when time-interleaving is enabled for multiple TBs scheduling.  
3 Multiple TBs scheduling for unicast

In this section, issues related to multiple TBs scheduling for unicast are discussed.

3.1 Scheduling gap

The scheduled multiple TBs can be transmitted continuously or discontinuously as illustrated in Figure 3 and Figure 4. For continuous scheduling, the transmission delay is short and the resource utilization efficiency is high. But the resources will be occupied for the whole transmission. Especially when the repetition number is large, continuous scheduling will have impact on the transmission of other UEs. For discontinuous transmission, the scheduling gap can be used by other UEs, but the transmission delay will be larger. So introducing the transmission gap is a tradeoff between transmission delay and scheduling flexibility of other UEs. Both continuous shceduling and discontinuous scheduling can be supported to fit different application scenarios. 
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Proposal 2: Both continuous and discontinuous scheduling for mutiple TBs can be supported.
3.2 Multiple TBs Retransmission
For MTC, asynchronous HARQ retransmission is supported. For multiple TBs retransmission, as discussed in previous meetings, there are three potential solutions:

· Option 1: Scheduling of initial and retransmission TBs within one DCI

· Option 2: Scheduling of initial TBs and retransmission TBs with separate DCIs
· Option 3: Scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI

Since multiple TBs scheduling has been supported, it is a waste of resources to use individual DCI to schedule the retransmissions if multiple TBs need to be retransmitted. So option 3 is not preferred in terms of spectral efficiency. Option 1 and option 2 are illustrated in Figure 5 and Figure 6 respectively, which are also called mixed scheduling and independent scheduling in this paper.
 
[image: image6]
Figure 5. Mixed scheduling
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Figure 6. Independent scheduling

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 further reduced 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. 

Proposal 3: 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 as it will be aligned with the legacy DCI size. So corresponding restrictions and optimization should be considered for multiple TB scheduling. In order to keep the flexibility of one TB scheduling, one bit can be introduced to differentiate the DCI scheduling one TB and the DCI scheduling multiple TB. 
Proposal 4: One flag bit can be used to differentiate the DCI scheduling one TB and the DCI scheduling multiple TBs.

In the following, different mechanisms to reduce the DCI size for multiple TBs scheduling are discussed.
3.3.1 Common fields across all TBs

The following parameters have been 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, MCS, Resource assignment, Repetitions.

· UL unicast: Frequency-hopping flag, TPC command, MCS, Resource assignment, Repetitions.
The RV in the DCI is just the first used RV in the first 
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 consecutive subframes, then the RV will be changed in the order of {0, 2, 3, 1}. Little benefit is observed by using different RV for different TBs. So in order to reduce the DCI size, the RV should also be the same across all the TBs scheduled by one DCI.
Proposal 5: For DL/UL unicast of a UE, RV is the same across all TBs scheduled by one DCI.
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 parts of scheduling states are used frequently, and the other states will rarely be used. Motivated by this observation, we can sacrifice certain scheduling flexibility to reduce the DCI size. 
HARQ process number is used to associate a HARQ buffer with a TB. As the multiple TBs can be associated continuously with HARQ buffers, it is not necessary to support arbitrary association between HARQ process and different TB. Then for mixed scheduling, as shown in Table 1, only 10 bits are needed to indicate all the states with consecutive HARQ process. Hence, only two more bits are needed to support the flexibility of mixed scheduling compared with the bitmap mechanism [3], which only supports independent scheduling. In addition, if the proposed bitmap mechanism [3] is used for mixed scheduling, two different bitmaps are needed with one to indicate the used HARQ process and the other to indicate the state of initial or retransmission, then 16 bits are needed. 
Table 1. Mixed scheduling for consecutive HARQ process number

	Number of TB
	The number of starting HARQ  process candidates
	Number of  initial/retransmission states of TBs
	Number of total combinations

	2
	7
	22
	28

	3
	6
	23
	48

	4
	5
	24
	80

	5
	4
	25
	128

	6
	3
	26
	192

	7
	2
	27
	256

	8
	1
	28
	256

	total number
	
	
	988(10 bits)


One concern of using consecutive HARQ process number is that if some initial TB fails and there is no data to transmit, then in the retransmission scheduled by multi-TB DCI, some TBs will be wasted containing blank data. In fact the probability of no new data is very low, as multiple TB scheduling is generally used 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. And in such rare cases with no new data, the retransmissions can be scheduled by single-TB DCI. 
Proposal 6: For DL/UL unicast of a UE, the HARQ processes number for the scheduled multiple TBs is consecutive.

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

Some of the fields in the DCI are dependent on each other, so they can be encoded together to reduce the redundancy states. For example, 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 can be jointly encoded in order to reduce the DCI size.
3.4 MPDCCH monitoring occasions
In the exiting specification, the starting subframe of MPDCCH UE-specific search space is the subframe satisfying the condition
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for UE-specific search space as shown in Figure 7.
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As one control information is used for scheduling multiple TBs, UE can skip monitoring next several 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 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 4ms 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 3.1, continuous and discontinuous transmission type may have different timing relationship. Thus, the timing relationships, including that between MPDCCH and each DL transport block, that between each DL transport block and ACK/NACK feedback, and that between MPDCCH and each UL transport block need to be specified.

Proposal 9: For multiple TB scheduling, study the timing relationships, 
· Between MPDCCH and each DL transport block 

· Between each DL transport block and ACK/NACK feedback

· Between MPDCCH and each UL transport block
4 Multiple TBs scheduling for SC-PTM
4.1 Multiple TBs scheduling for SC-MTCH
With respect to the maximum TBs scheduled via one DCI, the design is not limited by the capability of HARQ process number because there’s no retransmission in SC-PTM. The traffic load can be taken into account when discussing the maximum TB number for SC-PTM. 
The maximum TBS of PDSCH carrying SC-MTCH is limited to 1000bits and 4008 bits for 1.4MHz capable UE and 5MHz capable UE, respectively. The SC-MTCH can 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 a traffic type point of view, the continuous transmission type discussed in section 3.1 is preferable. However, from a back compatibility point of view, legacy UE interested in broadcast should also be able to receive SC-MTCH. Thus the back compatibility might be considered while discuss the transmission type.  
5 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 behavior.
Observation 2: Time-interleaving may affect the frequency hopping.
Proposal 1: The RV updating rule and the frequency hopping pattern need to be enhanced when time-interleaving is enabled for multiple TBs scheduling. 
Proposal 2: Both continuous and discontinuous scheduling for mutiple TBs can be supported.
Proposal 3: Both independent and mixed retransmission scheduling should be supported for multiple TBs scheduling.
Proposal 4: One flag bit can be used to differentiate the DCI scheduling one TB and the DCI scheduling multiple TBs.
Proposal 5: For DL/UL unicast of a UE, RV is the same across all TBs scheduled by one DCI.
Proposal 6: For DL/UL unicast of a UE, the HARQ processes number for the scheduled multiple TBs is consecutive.
Proposal 7: For DL/UL unicast of a UE, different fields of the DCI can be jointly encoded in order to reduce the DCI size.
Proposal 8: Consider reducing MPDCCH monitoring occasions for multiple TBs scheduling. 
Proposal 9: For multiple TB scheduling, study the timing relationships, 

· Between MPDCCH and each DL transport block 

· Between each DL transport block and ACK/NACK feedback

· Between MPDCCH and each UL transport block
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Figure � SEQ Figure \* ARABIC �2�. Frequency hopping





Figure � SEQ Figure \* ARABIC �3�. Continuous scheduling





Figure � SEQ Figure \* ARABIC �4�. Discontinuous scheduling





Figure � SEQ Figure \* ARABIC �7� UE-specific search space
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