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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK8][bookmark: OLE_LINK5]In RAN #80 meeting, new WID RP-181451 on Rel-16 enhancements for NB-IoT was agreed. One of the objectives is scheduling enhancement.
· [bookmark: OLE_LINK4][bookmark: OLE_LINK19][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· [bookmark: OLE_LINK43]Enhancement of SPS can be discussed.
In this document, the involving issues are summarized. Specifically, key views from submitted tdocs for these issues, together with recommended proposals, are provided.
Issues and Proposals
[bookmark: OLE_LINK10]Use cases for Multi-TBs scheduling 
Unicast with DCI
Proposal-1: Support Multi transport block scheduling using DCI grants in connected mode. ----Sierra Wireless [2]
[bookmark: OLE_LINK11]Proposal-2: Define scheduling enhancements for the following cases:
	- Multiple DL TBS from single MPDCCH.
	- Multiple UL TBS from single MPDCCH.
	- Multiple SC-PTM DL TBS from single MPDCCH/no MPDCCH.
	----Qualcomm incorporated [5]


Observation #1: For UL transmission, similarly to MSF for UL LAA, dynamic scheduling of multiple UL transport blocks is a considerable solution. However the gain of scheduling multiple UL transport blocks in one DCI needs to be further evaluated.
Observation #2: For DL transmission, a MSF-like mechanism can be used for scheduling of multiple DL transport blocks. NB-IoT system is expected to benefit from scheduling of multiple DL transport blocks.
Observation #3: At least for TDD in NB-IoT, scheduling of both DL and UL transport blocks should be considered to utilize the nature of interlaced UL/DL subframe structure.
Proposal-3: For scheduling of multiple transport blocks for unicast, further evaluation on dynamic scheduling is needed.
----Samsung[6]

Observation #4: Compared with the legacy SPS, scheduling multiple TBs without DCI shows no obvious gain.
Proposal-4: Compared with scheduling multiple DL/UL transport blocks without DCI, study on scheduling multiple DL/UL transport blocks with DCI should be prioritized. ----ZTE[7]

[bookmark: OLE_LINK28]Recommended proposal: 
For unicast , scheduling multiple DL/UL transport blocks with DCI is supported.


Unicast without DCI
[bookmark: _Toc521671317]Proposal-1: DL SPS should be supported in Rel-16 NB-IoT. ----Ericsson[4] 
Proposal-2: Define scheduling enhancements for the following cases:
	- Multiple DL TBS from single MPDCCH.
	- Multiple UL TBS from single MPDCCH.
	- Multiple SC-PTM DL TBS from single MPDCCH/no MPDCCH.
	----Qualcomm incorporated[5]

Proposal-3: SPS with enhancement on flexibility and reduction on overhead can be considered for scheduling of multiple TBs for UL and DL transmission for unicast.
----Samsung[6]

Recommended proposal: 
FFS

Multicast with DCI
Proposal-1: For SC-PTM, the feature is configured and enabled via SC-PTM configuration message. This feature is supported only for SC-MTCH.----Nokia, Nokia Shanghai Bell [1]

[bookmark: OLE_LINK30]Observation#1:  In Sc-PtM, in order to reduce the NPDCCH overhead, it is reasonable to use a single DCI to schedule several consecutive SC-MTCH TBs. 
----Ericsson[4]

Proposal-2: Define scheduling enhancements for the following cases:
	- Multiple DL TBS from single MPDCCH.
	- Multiple UL TBS from single MPDCCH.
	- Multiple SC-PTM DL TBS from single MPDCCH/no MPDCCH.
	----Qualcomm incorporated[5]

Observation #2: Scheduling of multiple transport blocks for SC-PTM is beneficial to reduce NPDCCH overhead and improve peak data rate. 
[bookmark: OLE_LINK12]Proposal-3: For scheduling of multiple transport blocks for SC-PTM, both enhanced SPS and dynamic scheduling by DCI can be further discussed.
----Samsung [6]

Proposal-4: For SC-PTM, support scheduling multiple DL transport blocks via single DCI at least for SC-MTCH in IDLE mode.  ---LG[8]

Recommended proposal: 
One DCI to schedule multiple TBs for SC-MCCH is not supported
For SC-MTCH, scheduling multiple DL/UL transport blocks with DCI is supported.

Multicast without DCI
Proposal-1: Scheduling multiple transport blocks without DCI for SC-PTM is not supported.
----Huawei, HiSilicon[3]
Proposal-2: Define scheduling enhancements for the following cases:
	- Multiple DL TBS from single MPDCCH.
	- Multiple UL TBS from single MPDCCH.
	- Multiple SC-PTM DL TBS from single MPDCCH/no MPDCCH.
	----Qualcomm incorporated[5]

Proposal-3: For scheduling of multiple transport blocks for SC-PTM, both enhanced SPS and dynamic scheduling by DCI can be further discussed.
----Samsung[6]
[bookmark: OLE_LINK27]
Recommended proposal: 
FFS

Enabling mode 
Proposal-1: Scheduling of multiple transport blocks is via DCI or via higher-layer configuration.
Proposal-2: For UE in connected mode, this feature is configured and enabled via RRC signalling.
Proposal-3: For UE in idle mode, this feature is configured and enabled via SI. 
----Nokia, Nokia Shanghai Bell [1]
                                                 
Proposal-4: The Multi-TB grant (MTBG) feature shall be configured/enabled by RRC ----Sierra Wireless [2]
[bookmark: OLE_LINK9]Recommended proposal: 


For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
[bookmark: _GoBack]For Multicast, scheduling multiple DL/UL transport blocks is configured via SC-MCCH. Details TBD


Multi-TBs scheduling with DCI for unicast


 
[bookmark: OLE_LINK18] Multi-TB scheduling principle

Observation #1:	Multi-TB grant (MTBG) scheduling shall not increase blind decoding options----Sierra Wireless[2]

Proposal-1: 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.---Huawei, HiSilicon[3]

Proposal-2:	Multi-TB grant (MTBG) scheduling shall not increase blind decoding options----Sierra Wireless[2]
Proposal-3:To reduce keep the DCI size minimum, the two TBs scheduled by one DCI should be of the same size and using the same MCSs and number of repetitions.----Ericsson[4]


[bookmark: OLE_LINK20]Proposal-4: The introduction of scheduling enhancements shall not increase the UE complexity in terms of MPDCCH blind decodes.
Proposal-5: Study what parameters can be common across multiple TBs to minimize the DCI size.
----Qualcomm incorporated [5]


Proposal-5: For DCI design of scheduling multiple TBs, details such as the number of TBs, scheduling pattern, resource assignment and MCS should be further studied.----ZTE[7]

Proposal-6: Efficient transmission patterns in terms of detection performance, power saving, and resource utilization for multiple transport blocks scheduled via single DCI should be introduced.----LG[8]

Proposal-7 Rel-14 eLAA uplink multiple subframe scheduling design mechanism should be the starting point for multiple transport block scheduling for Rel.16 NBIoT.
Proposal-8: DCI optimization solution for scheduling multiple transport block(s) needs further study.
---- Lenovo, Motorola Mobility [9]

[bookmark: OLE_LINK29]Recommended proposal: 
FFS

DCI size
Observation #1:	To ensure the MTBG feature saves NPDCCH resources, the size of the MTBG should not grow by more than a few bits.
----Sierra Wireless[2]
[bookmark: OLE_LINK17]
[bookmark: OLE_LINK14]Proposal-1: Study what parameters can be common across multiple TBs to minimize the DCI size. ----Qualcomm incorporated[5]


Proposal-2: The size of new DCI formats used to schedule multiple transport blocks should be aligned with legacy DCI formats.----Samsung[6]

Recommended proposal: 

Consider increasing M bits in DCI to indicate the multi-TBs scheduling, M is FFS

Time and frequency domain location
Proposal-1: Interleave the transmitted TBs when repeats are used. When few TBs are scheduled, support adding gaps in the transmission to increase time diversity----Sierra Wireless [2]

Proposal-2: Study the interlacing of TBs to achieve time diversity. 
Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides gain due to time diversity.
----Qualcomm incorporated [5]


[bookmark: _Toc521671313]Proposal-3: In the DL when one DCI schedules multiple TBs, the TBs are send back-to-back. 

Observation #1 :Due to the limited range of scheduling delay values a DCI can point to, the benefits of using one DCI to schedule two TBs are more obvious for UEs requires more repetitions, especially in the case when lots of data needs to be communicated, both in the DL and UL.
Observation #2:Significant throughput increase can be achieved by using one DCI to schedule two TBs comparing to using two HARQ processes, especially for UEs in extended coverage that require more repetitions.
 ----Ericsson [4] 

[bookmark: _Toc521671315]
Proposal-4 : When using one DCI to schedule multiple TBs, different subcarrier allocations for different TBs can be considered in the NB-IoT UL.
----Ericsson [4] 
Recommended proposal:
FFS

[bookmark: OLE_LINK13]The number of multiple TBs

Proposal-1: When the MTBG feature is configured/enabled, both single-TB grant (STBG) and MTBG are supported. 
Proposal-2: Consider increasing the minimum number of UL HARQ processes when the MTBG feature is enabled. 
Proposal-3: Consider supporting 4 UL HARQs and/or consider a mechanism where the UE can indicate during feature activation, its preference for data speed or power consumption.

----Sierra Wireless [2]

Proposal-4:  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. 
 
---Huawei, HiSilicon [3]


[bookmark: OLE_LINK26]Proposal-5: To reduce the DCI monitoring effort, the number of TBs scheduled should be dynamically indicated in the DCI. ---- Ericsson[4]

Recommended proposal:
The number of TBs scheduled should be dynamically indicated in the DCI，the maximum number of TBs is FFS


Feedback

[bookmark: _Toc521671314][bookmark: _Hlk521335188]Proposal-1: Introduce a new UL channel with BPSK/QPSK modulation to send bundled (single) HARQ ACK/NAK feedbacks for the DL.----Ericsson[4] 

Proposal-2: Study interaction of “Multiple DL TBS from single MPDCCH” with HARQ bundling. ----Qualcomm incorporated[5]


Proposal-3: For scheduling multiple DL TBs for unicast, further study is needed on bundled feedback and independent feedback.----ZTE[7]

Proposal-4: Efficient HARQ-ACK feedback mechanisms (e.g. HARQ-ACK bundling and/or multiplexing) corresponding to multiple transport blocks scheduled via single DCI needs to be introduced for unicast channels .
Proposal-5: In case of multiple transport block scheduling via single DCI, consider utilizing DL/UL gap for the purpose of early termination of a transport block(s). 
----LG[8]

Recommended proposal:
Further study is needed on bundled feedback and independent feedback



 


Multi-TBs scheduling with DCI for Multicast  
[bookmark: _Toc521671316]Proposal-1: 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. ---Huawei,HiSilicon[3]
Proposal-2:We can consider using 2 to 4 bits in the DCI to indicate the number of scheduled SC-MTCH segments. 
----Ericsson[4] 
[bookmark: OLE_LINK55][bookmark: OLE_LINK25][bookmark: OLE_LINK51]Proposal-3: For scheduling multiple TBs with one DCI for SC-PTM, the number of TBs needs to be indicated.----ZTE[7]
Recommended proposal:

FFS
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