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Introduction
At RAN #80 meeting, a new work item (WI) on Rel-16 enhancements for NB-IoT was approved [1]. One objective of the WI is the scheduling enhancement. In particular:
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 #95 meeting, the following agreements were made regarding scheduling of multiple DL/UL transport blocks [2]:
[bookmark: OLE_LINK29]Agreement:
For multi-TBs scheduling
· UL: I_sc for each TB is same

Agreement:
Confirm the working assumption that for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.

Agreement:
For UL/DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 
· ‘consecutive resource allocation in time’ means no new scheduling gap between the end of previous TB and the start of the next TB 
FFS: Whether scheduling gaps is also supported
FFS: How to schedule repetitions within the consecutive resource allcoation

Agreement
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, the relationship(s) between HARQ process and TB is/are selected from the following two candidates(multiple choices are allowed)
· Relationship 1: 1 HARQ process corresponds to 1 TB
· Relationship 2: 1 HARQ process corresponds up to 2 TBs

Agreement: Maximum UL HARQ process supported is 2.

Agreement: Maximum DL HARQ process supported is 2. 

Agreement 
The maximum number of TBs for multicast is one of [4, 8]
· FFS: Whether the TBs are back to back without gap

In this contribution, we share our views on the support of scheduling of multiple DL/UL transport blocks in NB-IoT deployments. Specifically, we discuss about the resource allocation, retransmission, HARQ design and DCI design for the support of scheduling multiple DL/UL transport blocks for NB-IoT.

Resource allocation for scheduling of multiple TBs
Frequency resource allocation
Regarding the frequency resources indicated by the DCI, there were proposals in last meeting to consider different subcarrier allocations for different TBs [3], and proposals to have the same frequency resource allocation for all TBs scheduled by one single DCI. Considering the scheduling complexity and additional DL overhead to support different subcarrier allocations for different TBs, it is proposed to support the same frequency resource allocation for all TBs scheduled by one single DCI. 

Proposal 1:
· Frequency resource allocation for all the TBs scheduled by one single DCI is the same. 

Time domain transmission pattern
For UL/DL unicast transmission, it was agreed in RAN1 #95 meeting that at least consecutive resource allocation in time is supported. It is FFS whether the scheduling gap is also supported. The main motivation to introduce scheduling gap between TBs is to provide time diversity gain. However, the gaps between TBs scheduled by one single DCI would lead to increased scheduling complexity, resource fragments, and larger latency which results in data rate reduction. On the other hand, if the TBs are scheduled with large number of repetitions, the time diversity gain can already be achieved. Therefore, it is not preferred to support scheduling gap between TBs scheduled by one single DCI. 

Proposal 2:
· Scheduling gaps between TBs scheduled by one single DCI are not supported. 

Interleaved transmission was discussed in previous meetings [3], where the repetitions for one TB are interleaved with repetitions of all the other TBs. The main motivation for interleaved transmission is to obtain time diversity gain. 
Recall that it was agreed in RAN1 #95 meeting that the maximum number of UL and DL HARQ process are both 2. As discussed in Section 3.2, it is preferred to map one HARQ process to 1 TB. Thus, the maximum number of TBs that can be scheduled by one single DCI would be limited to 2 for UL and DL unicast transmissions. With limited number of TBs to be interleaved, the time diversity gain is quite limited. Therefore, it is proposed to not support the interleaved transmission among TBs for scheduling of multiple TBs in NB-IoT.

Proposal 3:
· The repetitions for one transport block being interleaved with repetitions of all the other transport blocks is not supported. 

[bookmark: _Ref791007]Design of HARQ and retransmission 
Retransmissions
For HARQ retransmission, if retransmission can only be scheduled by individual DCI as in legacy system, the DL overhead would increase since different DCI would be needed for different TBs. Thus, it is preferred to support scheduling of initial transmission and retransmission within one single DCI. As discussed in Section 4, an NDI bitmap with length equal to the max number of scheduled TB can be introduced to indicate HARQ ACK feedback for each TB. This also allows the simultaneous scheduling of initial transmission for all scheduled TBs, and simultaneous scheduling of retransmission for all scheduled TBs. Note that besides the support of mixed scheduling of initial transmission for some TBs and retransmission for the others, the operation where retransmission of one TB scheduled by an individual DCI as in legacy system can also be supported, by setting the number of scheduled TBs to be one in the DCI.

Proposal 4:
· Support scheduling of initial transmission and retransmissions simultaneously by a single DCI.

[bookmark: _Ref956792]Association between the TB and HARQ process
In RAN1 #95 meeting, it was agreed to select the relationship between HARQ process and TB from one HARQ process corresponding to one TB, and one HARQ process corresponding to up to two TBs. If one HARQ process corresponds to multiple TBs, with one HARQ ACK feedback for each HARQ process, the failure of one TB would cause retransmission of all the TBs associated to the same HARQ process, resulting in inefficient UL resource utilization and increased UE power consumption. In addition, the use case of associating multiple small TBs to one HARQ process instead of using one large TB for one HARQ process is unclear. Therefore, it is proposed to support one HARQ corresponding to one TB. 

Proposal 5:
· One HARQ process corresponds to only one TB.

HARQ feedback
[bookmark: _GoBack]In RAN1 #94bis meeting, it was agreed that individual feedback for each HARQ process is supported, and it is FFS if HARQ bundling/multiplexing can be optionally supported. For HARQ ACK multiplexing, new designs for NPUSCH format 2 are needed to carry more HARQ ACK feedback bits, which requires more standardization effort. Also, the performance of the NPUSCH format 2 would be impacted, due to additional bits to be carried. For HARQ ACK bundling, the failure in reception of one TB would result in retransmission of all TBs in the corresponding bundle, which would be quite inefficient in terms of resource utilization and UE power consumption, especially considering large number of repetitions for DL/UL transmissions. Therefore, it is preferred to not support HARQ ACK bundling and HARQ ACK multiplexing. 

Proposal 6:
· Neither HARQ ACK bundling nor HARQ ACK multiplexing are supported. 

[bookmark: _Ref787211]DCI considerations
Once UE configured with scheduling of multiple DL/UL TBs for data transmission, it monitors corresponding DCI in the USS. Scheduling of multiple DL/UL TBs requires additional transmission parameters, and thus a new DCI format of a larger size seems to be needed.
It was agreed in RAN1#94 that ‘for unicast, the number of TBs scheduled should be dynamically indicated in the DCI’. Therefore, it’s proposed to include the number of scheduled TBs in the DCI. In addition, as discussed in Section 3, it is beneficial to simultaneously schedule initial transmission for some TBs and retransmissions for the other TBs by one single DCI. An NDI bitmap of the length equal to the max number of scheduled TBs (i.e., 1 bit per TB) is needed in the new DCI. In the UL grant, this NDI bitmap can be also used for implicit HARQ ACK/NAK indication. 
In order to minimize the spec changes and keep the DCI size as small as possible, all the rest parameters from the legacy DCI can be reused. The resource allocation including frequency and time domain resources, MCS, RV, and repetition number can be common across all scheduled TBs. The HARQ Process ID (PID) field is reinterpreted as the HARQ PID for the first subframe, and the subsequent TBs have consecutive HARQ PIDs similar as in multi-subframe scheduling concept from LAA. 
Proposal 7:
· Introduce a new DCI format for scheduling of multiple DL/UL TBs.
· The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.

Proposal 8:
· The number of scheduled TBs is indicated by the new DCI.
· An NDI bitmap is included in the new DCI.
· The size of NDI bitmap is equal to the max number of scheduled TBs by the DCI.
· In the design of the new DCI scheduling multiple TBs, reuse the rest of parameters from the legacy DCI.
· The resource allocation, MCS, RV, and repetition number are common across all scheduled TBs.
· The HARQ Process ID (PID) field is reinterpreted as the PID for the first scheduled TB, while subsequent TBs have consecutive HARQ PIDs. 

Conclusion
In this contribution, we discuss the design for the support of scheduling of multiple UL/DL TBs for NB-IoT. Based on the discussions, we make the following proposals:
Proposal 1:
· Frequency resource allocation for all the TBs scheduled by one single DCI is the same. 

Proposal 2:
· Scheduling gaps between TBs scheduled by one single DCI are not supported. 

Proposal 3:
· The repetitions for one transport block being interleaved with repetitions of all the other transport blocks is not supported. 

Proposal 4:
· Support scheduling of initial transmission and retransmissions simultaneously by a single DCI.

Proposal 5:
· One HARQ process corresponds to only one TB.

Proposal 6:
· Neither HARQ ACK bundling nor HARQ ACK multiplexing are supported. 

Proposal 7:
· Introduce a new DCI format for scheduling of multiple DL/UL TBs.
· The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.

Proposal 8:
· The number of scheduled TBs is indicated by the new DCI.
· An NDI bitmap is included in the new DCI.
· The size of NDI bitmap is equal to the max number of scheduled TBs by the DCI.
· In the design of the new DCI scheduling multiple TBs, reuse the rest of parameters from the legacy DCI.
· The resource allocation, MCS, RV, and repetition number are common across all scheduled TBs.
· The HARQ Process ID (PID) field is reinterpreted as the PID for the first scheduled TB, while subsequent TBs have consecutive HARQ PIDs. 

References
1. [bookmark: _Ref345943579][bookmark: _Ref344453411][bookmark: _Ref352269339][bookmark: _Ref355733866][bookmark: _Ref477704696][bookmark: _Ref481742262][bookmark: _Ref488253050][bookmark: _Ref490123803][bookmark: _Ref493592247][bookmark: _Ref493491626][bookmark: _Ref497231414][bookmark: _Ref498671468][bookmark: _Ref510448861][bookmark: _Ref521499031]RP-181451, “New WID on Rel-16 enhancements for NB-IoT”, Ericsson, Huawei, 3GPP TSG RAN meeting #80, La Jolla, USA, June 2018.
1. [bookmark: _Ref770196]RAN1 Chairman’s notes, 3GPP TSG RAN WG1 meeting #95, Spokane, USA, 12th – 16th November 2018.
1. [bookmark: _Ref955639]R1-1813740, “Summary on multiple TB scheduling enhancement for NB-IoT”, ZTE, 3GPP TSG RAN WG1 meeting #95, Spokane, USA, 12th – 16th November 2018.



5/5
