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1 Introduction

At RAN#80, a new work item of additional NB-IoT enhancements has been approved [1]. One of the objectives in this work item is about scheduling enhancement.
Scheduling enhancement:

· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]

· Enhancement of SPS can be discussed.
In RAN1#94, the following agreements are reached regarding scheduling enhancement for SC-PTM:
Agreement

· One DCI to schedule multiple TBs for SC-MCCH is not supported
And the following agreements are reached regarding scheduling enhancement for unicast:
Agreement

· For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.

· For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD.

· For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS.

In this contribution, we provide our further views on scheduling multiple DL/UL transport blocks for SC-PTM and unicast.
2 SC-PTM

In RAN1#94, it was agreed that one DCI to schedule multiple TBs for SC-MCCH is not supported. The remaining issue is whether to support scheduling multiple TBs without DCI. For SC-MTCH, scheduling multiple TBs with or without DCI can reduce the DCI overhead. In comparison with DCI, without DCI has low scheduling flexibility. Besides, in Rel-14, 1 bit in the DCI scheduling SC-MCCH is used for SC-MCCH information change notification in current MP. 1 bit in the DCI scheduling SC-MTCH is used for SC-MCCH information change notification in next MP. UE only needs to decode the DCI to check whether the change happens. If no change, UE can skip acquiring SC-MCCH. In Rel-16, if scheduling multiple TBs without DCI for SC-MCCH or SC-MTCH is supported, UE has to read SC-MCCH at the beginning of every MP. It will increase UE power consumption.
Observation 1: For SC-MCCH and SC-MTCH, scheduling multiple TBs without DCI can reduce the DCI overhead, at the cost of lower scheduling flexibility and increase in UE power consumption.
For SC-MTCH, scheduling multiple TBs with DCI can reduce the DCI overhead, and has better scheduling flexibility. The change notification design of Rel-14 can be reused. For SC-MTCH, no HARQ-ACK feedback is needed hence UE does not need to buffer the TB until the next transmission. The maximum number of TBs scheduled by one DCI for SC-PTM has no impact on Cat NB1 and Cat NB2 in terms of buffer size. However SC-MTCH is multicast to a group of UE. For Rel-14 UE, each SC-MTCH is scheduled by each DCI. For Rel-16 UE, multiple SC-MTCH TBs are scheduled by one DCI. Due to different scheduling method, how to transmit SC-MTCH efficiently should be considered when both Rel-16 UEs and Rel-14 UEs are in the network.

Observation 2: Since there is no HARQ-ACK feedback for SC-MTCH, the maximum number of TBs scheduled by one DCI has no impact on Cat NB1 and Cat NB2 UEs in terms of buffer size. 
Observation 3: For SC-MTCH, how to transmit SC-MTCH efficiently should be considered when both Rel-16 UEs and Rel-14 UEs are in the network.
The following Section focuses on the design of scheduling multiple TBs with DCI for SC-MTCH.
2.1 DCI design
An example of scheduling four different TBs for SC-MTCH by four DCIs for Rel-14 UEs is shown in Figure 1. Each TB is scheduled by one individual DCI. In this section, by way of example, we assume that SC-MTCH is split into four TBs. 
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Figure 1 An example of scheduling four different TBs for SC-MTCH by four DCIs for Rel-14 UEs
If there are Rel-14 UEs and Rel-16 UEs in the network at the same time, considering the network resource overhead, the same SC-MTCH should be transmitted only once. In other words, Rel-14 UEs and Rel-16 UEs should receive the same SC-MTCH at the same resource. In this case, there are two types of scheduling. 

· Type 1: For Rel-16 UE, one DCI schedules multiple SC-MTCH TBs. For Rel-14 UEs, one DCI schedules one SC-MTCH TB. They have different DCI format or different content. An example is shown in Figure 2. 

· Type 2: For Rel-16 UE, one DCI schedules multiple SC-MTCH TBs. For Rel-14 UEs, one DCI schedules one SC-MTCH TB. They have same DCI format and same DCI content. An example is shown in Figure 3.
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Figure 2 An example of type1 scheduling for Rel-14 UEs and Rel-16 UEs
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Figure 3 An example of type2 scheduling for Rel-14 UEs and Rel-16 UEs
For type 1 scheduling shown in Figure 2, the network use five DCIs to schedule four SC-MTCH TBs for Rel-14 UEs and Rel-16 UEs. For type 2 scheduling shown in Figure 3, the network use four DCIs to schedule four SC-MTCH TBs for Rel-14 UEs and Rel-16 UEs. For Rel-14 legacy scheduling shown in Figure 1, the network use four DCIs to schedule four SC-MTCH TBs for Rel-14 UEs. The DCI overhead of type 2 scheduling is the same as that of Rel-14 legacy scheduling. But the DCI overhead of type 1 scheduling is higher than that of Rel-14 legacy scheduling. So for Rel-16 UEs, it is better to use type2 scheduling, i.e. the DCI format and content should be same as legacy DCI format.

Observation 4: For SC-MTCH scheduling, using different DCI format for Rel-16 UE and legacy UE will increase the DCI overhead in comparison with legacy SC-MTCH scheduling in Rel-14.
Observation 5: For SC-MTCH scheduling, using same DCI format and content for Rel-16 UE and legacy UE keeps the same DCI overhead as legacy SC-MTCH scheduling in Rel-14.
Proposal 1: For scheduling multiple SC-MTCH TBs with one DCI, the same DCI format and content as legacy is used, i.e. DCI format N1 for SC-MTCH scheduling in Rel-14.
2.2 NPDCCH monitoring
For legacy SC-MTCH scheduling, the starting subframe of Type2A-NPDCCH common search space satisfying the condition 
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. An example of scheduling four TBs for SC-MTCH by one DCI for Rel-16 UEs is shown in Figure 4. Assume as an example that one DCI schedules the four SC-MTCH TBs and Type2A-NPDCCH common search space is used. UE only needs to monitor DCI within 
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 valid subframes of the first search space, and has no need to monitor DCI in the next three search spaces. UE can reduce the number of NPDCCH search space monitoring for SC-MTCH to reduce power consumption. 
[image: image7.emf] 

SC-MTCH

TB1

SC-MTCH

TB2

SC-MTCH

TB3

SC-MTCH

TB4

DCI1

Search Space Period (G*Rmax) Search Space Period (G*Rmax) Search Space Period (G*Rmax) Search Space Period (G*Rmax)

DL

Rel-16

，

one DCI schduling multiple TBs

No need to monitor

Rmax Rmax Rmax Rmax

Search space #1 Search space #2 Search space #3 Search space #4


Figure 4 An example of scheduling four SC-MTCH TBs by one DCI for Rel-16 UEs 
Proposal 2: For scheduling multiple SC-MTCH TBs with one DCI, how to reduce UE power consumption in terms of NPDCCH monitoring should be studied.
2.3 Configuration

As discussed in the DCI design part above, the same DCI format and content as legacy is used for SC-MTCH. The legacy DCI format N1 when used for SC-MTCH is shown in Table 1. As shown in Table 1, the size is 18 bits and there are no reserved bits. So there is no field to indicate the number of scheduled TBs in DCI. Since the scheduling information of SC-MTCH is carried in SC-MCCH, the number of TBs scheduled by one DCI can be indicated in SC-MCCH. 

Table 1 DCI format N1 for SC-MTCH scheduling
	Field
	Size

	Information for SC-MCCH change notification
	2

	Scheduling delay
	3

	Resource assignment
	3

	MCS(modulation and coding scheme)
	4

	Repetition number
	4

	DCI subframe repetition number
	2


Proposal 3: For scheduling multiple SC-MTCH TBs with one DCI, the number of TBs is indicated in SC-MCCH.

The scheduling information shown in Table 1 indicated by DCI can be applied to the first TB. For the other scheduled TBs by the same DCI, the scheduling information, such as resource assignment, MCS and repetition number should be specified. They can be indicated in SC-MCCH. However considering the signaling overhead, it is preferred that they are the same as that of first TB and no indication about these parameters is needed in SC-MCCH. Regarding the timing, the delay between DCI and the first TB is indicated by the scheduling delay field in DCI. How to specify the timing of scheduled TBs by the same DCI should be considered.
Proposal 4: For SC-MTCH, all the TBs scheduled by one DCI use the same resource assignment, MCS and repetition number.
3 Unicast
For unicast, it is agreed that scheduling multiple DL/UL transport blocks with single DCI is supported. There are two main differences from SC-PTM transmission. The first one is that the transmission of DL/UL TBs for unicast needs HARQ-ACK feedback. The second one is that there is no backward compatibility issue for unicast.
Observation 6: For unicast, the two main differences respect to SC-PTM are:

· HARQ-ACK feedback,
· no backward compatibility issue.

The following part focuses on the design of scheduling multiple TBs with DCI for unicast.
3.1 Maximum number of TBs
For unicast, a larger value of the maximum number of TBs scheduled by one DCI brings more gain because of DCI overhead reduction. For example, if the maximum number of TBs scheduled by one DCI is 2, then the DCI overhead reduction can be 50% in comparison with legacy scheduling method, i.e. one TB scheduled by one DCI. If the maximum number of TBs scheduled by one DCI is 4, then the DCI overhead reduction can be 75%. 

Observation 7: For unicast, a larger value of the maximum number of TBs scheduled by one DCI brings more gain because of DCI overhead reduction.
It is expected that Cat NB1 and Cat NB2 support scheduling multiple TBs with one DCI. For Cat NB1 and Cat NB2 UEs, the highlighted column in Table 2 defines the total number of soft channel bits available for HARQ processing, which reflects the limitations of UE buffer size. Due to the limitation, if the scheduled TBS is 680 bits, the maximum number of TBs scheduled by one DCI for Cat NB1 is 1. If the scheduled TBS is 2536 bits, the maximum number of TBs scheduled by one DCI for Cat NB2 is 2. The detailed calculation method for total number of soft channel bits is seen in [3]. If the value of the maximum number of TBs is larger than 1 for Cat NB1 UE, and larger than 2 for Cat NB2 UE, then it may have impact on buffer size. It is preferred that Cat NB1 and Cat NB2 UEs support multiple TBs scheduled by one DCI with no impact on buffer size.
Table 2 Downlink physical layer parameter values set by the field ue-Category-NB
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits

	Category NB1
	680
	680
	2112

	Category NB2 
	2536
	2536
	6400


Observation 8: For unicast, the maximum number of TBs scheduled by one DCI may have an impact to the buffer size for Cat NB1 and Cat NB2 UEs.
Proposal 5: For unicast, Cat NB1 and Cat NB2 UEs support multiple TBs scheduled by one DCI with no impact on buffer size.
3.2 DCI design
For DCI design, the scheduling enhancements for unicast must not increase the number of NPDCCH blind decodes, which would affect the UE complexity. In Rel-16, there can be new DCI formats for scheduling enhancement and legacy DCI format. Monitoring both of them will double the blind decoding load. So it is necessary that the network configures whether to enable the new DCI format via UE-specific RRC signaling. When the new DCI format is enabled, UE only needs to detect new DCI format. If not, UE only needs to detect the legacy DCI format.

Proposal 6: For unicast, UE-specific RRC signaling enables/disables the new DCI format for scheduling multiple TBs by one DCI. 
For scheduling enhancement, the number of scheduled TBs can be changed at any time. For example, at time t1, there are four TBs scheduled by one DCI. At time t2, one TB is transmitted successfully. Other three TBs need retransmission and no new TB for transmission. So there are totally three TBs to re-transmit. When the number of scheduled TBs changes, the size of the new DCI should stay the same. Otherwise, it will increase the number of NPDCCH blind decoding. Even if there is only one TB to transmit, the new DCI format should be used, because as discussed before, the DCI format is enabled by RRC signaling. The size of the new DCI can be same as or different from that of legacy DCI. 
Proposal 7: For unicast, the DCI size for scheduling multiple TBs by one DCI is the same for different number of scheduled TBs. 
3.3 HARQ-ACK feedback
For downlink, the HARQ-ACK feedback is transmitted in NPUSCH format 2. Uplink feedback is indicated by the NDI field in DCI. For multiple DL/UL TBs scheduled by one DCI, there are two kinds of feedback: one is individual HARQ-ACK feedback per TB, the other is HARQ-ACK bundling. For HARQ-ACK bundling, when one of the TBs in the bundle fails to be decoded, it will cause all TBs retransmission. It is a waste of resource especially for TB with larger repetition number. Furthermore, if the HARQ-ACK bundling is used, UE needs to store the soft bits of multiple TBs in the bundle. It may impact the UE buffer size. So individual HARQ-ACK feedback is preferred.
Proposal 8: For unicast, if multiple TBs are scheduled by one DCI, individual HARQ-ACK feedback for each TB is used. 
4 Conclusions
In this contribution, our views on scheduling multiple DL/UL transport blocks for SC-PTM and unicast are provided. The following observations and proposals are made.

Observation 1: For SC-MCCH and SC-MTCH, scheduling multiple TBs without DCI can reduce the DCI overhead, at the cost of lower scheduling flexibility and increase in UE power consumption.
Observation 2: Since there is no HARQ-ACK feedback for SC-MTCH, the maximum number of TBs scheduled by one DCI has no impact on Cat NB1 and Cat NB2 UEs in terms of buffer size.
Observation 3: For SC-MTCH, how to transmit SC-MTCH efficiently should be considered when both Rel-16 UEs and Rel-14 UEs are in the network.
Observation 4: For SC-MTCH scheduling, using different DCI format for Rel-16 UE and legacy UE will increase the DCI overhead in comparison with legacy SC-MTCH scheduling in Rel-14.
Observation 5: For SC-MTCH scheduling, using same DCI format and content for Rel-16 UE and legacy UE keeps the same DCI overhead as legacy SC-MTCH scheduling in Rel-14.
Proposal 1: For scheduling multiple SC-MTCH TBs with one DCI, the same DCI format and content as legacy is used, i.e. DCI format N1 for SC-MTCH scheduling in Rel-14.
Proposal 2: For scheduling multiple SC-MTCH TBs with one DCI, how to reduce UE power consumption in terms of NPDCCH monitoring should be studied.
Proposal 3: For scheduling multiple SC-MTCH TBs with one DCI, the number of TBs is indicated in SC-MCCH.

Proposal 4: For SC-MTCH, all the TBs scheduled by one DCI use the same resource assignment, MCS and repetition number.
Observation 6: For unicast, two main difference than SC-PTM are:

· with HARQ-ACK feedback.

· no backward compatibility issue.

Observation 7: For unicast, a larger value of the maximum number of TBs scheduled by one DCI brings more gain because of DCI overhead reduction.
Observation 8: For unicast, the maximum number of TBs scheduled by one DCI may have an impact to the buffer size for Cat NB1 and Cat NB2 UEs.
Proposal 5: For unicast, Cat NB1 and Cat NB2 UEs support multiple TBs scheduled by one DCI with no impact on buffer size.
Proposal 6: For unicast, UE-specific RRC signaling enables/disables the new DCI format for scheduling multiple TBs by one DCI. 
Proposal 7: For unicast, the DCI size for scheduling multiple TBs by one DCI is the same for different number of scheduled TBs. 

Proposal 8: For unicast, if multiple TBs are scheduled by one DCI, individual HARQ-ACK feedback for each TB is used. 
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