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1 Introduction

At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives 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.
The motivation is to reduce the DCI overhead. In this contribution, we provide our views on scheduling multiple DL/UL transport blocks for SC-PTM and unicast.
2 Scheduling enhancement for SC-PTM
In NB-IoT Rel-14, the basic procedure of SC-PTM is illustrated in Figure 1. As shown in Figure 1, two types of logical channels, SC-MCCH and SC-MTCH, are introduced to support multi-cast. The data of one multi-cast session is transmitted by one SC-MTCH, which is conveyed by NPDSCH in the physical layer. The configuration parameters for each SC-MTCH transmission such as the group RNTI of SC-MTCH, search space parameters scheduling SC-MTCH and the DRX pattern of the SC-MTCH, is transmitted as the IE SC-MTCH-Info-NB carried in the SC-MCCH. SC-MCCH is used to broadcast a list of the configuration of SC-MTCHs of all multi-cast sessions.
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Figure 1 Basic procedure of SC-PTM in NB-IoT Rel-14

In Rel-16, according to the WID two solutions are considered for scheduling multiple TBs for SC-PTM.

Option 1: Scheduling multiple TBs without DCI for SC-PTM, e.g., the scheduling information for all TBs is carried in SIB.
Option 2: Scheduling multiple TBs with DCI for SC-PTM.

Option 1 has several limitations compared with option 2. Option 1 supports a less dynamic scheduling compared with option 2. Also, it has low flexibility to support changes of SC-MTCH configuration, in particular that change can be indicated in SIB only at the boundary of the SI modification period, which may be dozens of minutes long. It may not be suitable because different types of multicast traffic could have different modification period than SI modification period. 
Observation 1: Scheduling multiple transport blocks without DCI for SC-PTM has less flexibility for dynamic scheduling and SC-MTCH configuration changes. 
Proposal 1: Scheduling multiple transport blocks without DCI for SC-PTM is not supported.
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Figure 3 An example of scheduling four TBs for SC-PTM with DCI
For scheduling multiple TBs with DCI, an example is shown in Figure 3, where one SC-MTCH or SC-MCCH is transmitted using four TBs in physical layer. For legacy UEs before Rel-16, the four TBs are transmitted with one DCI scheduling one TB. For Rel-16 UE, the four TBs are transmitted with one DCI scheduling multiple TBs. Here using one DCI to schedule four TBs is just an example. The number of TBs scheduled by one DCI needs further consideration. 
SC-PTM service is multicast to a group of UEs. If there is a legacy UE, considering the network resource overhead, the same four TBs should be transmitted only once. And the four TBs are transmitted with one DCI for each of the four TBs. Since the motivation of scheduling enhancement for SC-PTM is to reduce the DCI overhead, the DCI scheduling four TBs for Rel-16 UE should be the same as the DCI scheduling the first TB for legacy UE, i.e. DCI for Rel16 UE and legacy UE is the same DCI. Otherwise the network has to use five DCIs to schedule four TBs.

Proposal 2: For SC-PTM, the design of scheduling multiple transport blocks with DCI should not increase the NPDCCH overhead in comparison with legacy SC-PTM scheduling in Rel-14.
3 Scheduling enhancement for unicast
For unicast the transmission of DL/UL TBs needs HARQ feedback which is a key different to SC-PTM transmission. For SC-PTM, there is no HARQ-ACK feedback hence UE does not need to buffer the TB until the next transmission. The number of TBs scheduled by one DCI for SC-PTM has no impact on the UE buffer size. For receiving each unicast TB, UE has to buffer data until the next retransmission. For scheduling enhancement for unicast in Rel-16, the number of scheduled TBs may impact the UE buffer size and therefore needs to be investigated for Cat.NB1 and Cat.NB2.
Observation 2: For scheduling enhancement for unicast, the number of scheduled TBs may impact the UE buffer size. 
Proposal 3: For scheduling enhancement for unicast, the number of multiple TBs needs to be investigated for Cat.NB1 and Cat.NB2 because it may impact the UE buffer size.
To support scheduling enhancement for unicast, other aspects for multiple TBs scheduling need to be considered. 

· DCI content and size 
For unicast, current DCI format, i.e. format N0 and N1, can only schedule one TB. The scheduling information carried in DCI is only for one TB. To support scheduling multiple TBs, the DCI content and size need to revisit.
· HARQ-ACK feedback

Currently, the downlink HARQ-ACK feedback is transmitted in NPUSCH format2. The uplink HARQ-ACK feedback has no dedicated channel, it is indicated by NDI field in DCI. For each TB, the HARQ-ACK feedback is transmitted separately. To support scheduling multiple TBs, how to transmit the HARQ-ACK feedbacks of multiple TBs needs to be considered.

· HARQ process number
To support scheduling multiple TBs, whether the TBs belong to the same HARQ process or different HARQ processes needs to be discussed.

· Timing relationship
For DL single TB scheduling, the delay between NPDCCH and the NPDSCH is indicated in DCI N1. And the delay between NPDSCH and its HARQ-ACK feedback is also indicated in DCI N1. For UL single TB scheduling, the delay between NPDCCH and the NPUSCH is indicated in DCI N0. For multiple TBs scheduling, how to determine the timing relationship of multiple TBs need to be studied, e.g. timing between NPDCCH and each DL/UL TB, timing between adjacent TBs, etc.
Proposal 4: On scheduling enhancement design for unicast, at least the following aspects for multiple TBs scheduling need to be considered: DCI content and size, HARQ-ACK feedback, HARQ process number and timing relationship.
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: Scheduling multiple transport blocks without DCI for SC-PTM has less flexibility for dynamic scheduling and SC-MTCH configuration changes. 

Proposal 1: Scheduling multiple transport blocks without DCI for SC-PTM is not supported.
Proposal 2: For SC-PTM, the design of scheduling multiple transport blocks with DCI should not increase the NPDCCH overhead in comparison with legacy SC-PTM scheduling in Rel-14.
Observation 2: For scheduling enhancement for unicast, the number of scheduled TBs may impact the UE buffer size. 
Proposal 3: For scheduling enhancement for unicast, the number of multiple TBs needs to be investigated for Cat.NB1 and Cat.NB2 because it may impact the UE buffer size.
Proposal 4: On scheduling enhancement design for unicast, at least the following aspects for multiple TBs scheduling need to be considered: DCI content and size, HARQ-ACK feedback, HARQ process number and timing relationship.
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