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1	Introduction
In total 11 documents were submitted to this agenda item, and they are listed in the reference section. Comparing to the previous meeting, 1 more document was submitted to this A.I. from Beijing Xiaomi Software Tech. 
The proposals and observations from each contribution are listed as follows. 
	From [1] R1-1810187	 Scheduling of multiple DL/UL transport blocks in LTE-MTC, source Ericsson
Observation 1: If a single DCI can be used to schedule a mix of initial and retransmission on different HARQ processes, the trade-off between flexibility, DCI overhead, and robustness to transmission errors should be carefully studied.
Observation 2: In SC-PTM, to support more diversified types of traffic, and reduce the MPDCCH overhead, it is reasonable to use a single DCI to schedule one or several consecutive SC-MTCH transport blocks.
Proposal 1:	For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.
Proposal 2:	The maximum number of HARQ processes that can be scheduled at once is configured via RRC.
Proposal 3:	The different transport blocks use individual HARQ ACK/NACK feedbacks in sequential subframes following the last PDSCH transmissions, with the timing constraints for the HARQ-ACK based on the first transport block.
Proposal 4:	Interleaving of multiple transport blocks or scheduling gaps are not supported when the transport blocks are scheduled by the same DCI.
Proposal 5:	The use of 2 to 4 bits in the DCI to indicate the number of scheduled SC-MTCH segments is considered.
Proposal 6:	Using the same DCI to schedule a single transport block should also be supported, so the UE does not need to monitor two DCI sizes at the same time.


	[2] R1-1810090	 Scheduling of multiple transport blocks, source Huawei, HiSilicon
Observation 1: The scheduled TB number should be less than the maximum HARQ process number for the multiple TBs simultaneous retransmission.
Observation 2: Time-interleaving may affect the RV updating principle.
Observation 3: Time-interleaving may affect the frequency hopping.
Proposal 1: For determining the maximum number of scheduled TBs in single DCI, the following aspects should be considered,
Maximum HARQ process number
Multiple TBs retransmission type
ACK/NACK feedback type
DCI overhead.
Proposal 2: Perform evaluation on achieved gain via time-interleaving in multiple TBs scheduling. 
Proposal 3: Whether supporting time-interleaving is FFS.  
Proposal 4: Consider continuous and discontinuous traffic types for multiple TBs scheduling.
Proposal 5: Retransmission of multiple TBs scheduling is for further study.
Proposal 6: MPDCCH monitoring occasions can be considered to be reduced for multiple TBs scheduling. 
Proposal 7: PUCCH resource configuration of SPS can be considered as a starting point for multiple TBs scheduling. 
Proposal 8: The following timing relationship should be studied.
MPDCCH and each DL transport block 
each DL transport block and ACK/NACK feedback
MPDCCH and each UL transport block

	[3] R1-1810233	 Discussion on multiple transmission blocks scheduling in MTC, source LG Electronics
Proposal 1: For SC-PTM, support scheduling multiple DL transport blocks via single DCI for SC-MTCH in IDLE mode.
Proposal 2: SC-MCCH is used to configure multiple TB transmission of SC-MTCH.
Option 1: SC-MCCH indicates DCI format with separate G-RNTI for scheduling multiple TBs
Option 2: SC-MCCH indicates DCI skipping pattern for SC-MTCH
Proposal 3: 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 4: In case of multiple transport block scheduling via single DCI, gap can be configured to achieve time diversity gain.
FFS: Utilizing DL/UL gap for the purpose of early termination of a transport block(s).
Proposal 5: Interleaved transmission of multiple transport blocks scheduled via single DCI should be introduced.
Each interleaved transport blocks should contain at least one repetition of PDSCH/PUSCH.
Repetition pattern in CE mode B should be considered in designing interleaving pattern.

	[4] R1-1810582	 Design of scheduling of multiple DL/UL transport blocks for Rel.16 MTC, source Lenovo, Motorola Mobility
Observation 1:  The DCI size is determined by the configured maximal number of scheduled transport blocks.
Proposal 1: One DCI format supporting both single and multiple transport block scheduling is preferable for UE power consumption of monitoring MPDCCH blind detection and DCI format design.
Proposal 2: The maximum number of scheduled transport blocks with one single DCI is configured by RRC signaling from a set {1,2,4,[8]}.
Proposal 3: DCI optimization solution for scheduling multiple transport block(s) needs further study.
Proposal 4: HARQ ACK/NACK resource can be implicitly derived from MPDCCH location even for scheduling multiple TB.
Proposal 5: Some of the interleaved issues should be further studied, e.g. interleaved pattern, interleaved period, GAP period, TB transmission sequence of multiple TBs, RV determination, scrambling initialization, etc.

	[5] R1-1811059	 Scheduling of multiple DL/UL transport blocks, source Nokia, Nokia Shanghai Bell
Proposal 1: Support interleaved transmission of multiple transport blocks to improve performance.
Proposal 2: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
Proposal 3: For scheduling of multiple transport blocks in preconfigured resources, this feature is configured and enabled via SI for UE in idle mode and via RRC signaling for UE in connected mode.
Proposal 4: For SC-PTM, the feature is supported for SC-MTCH. It is configured and enabled via SC-PTM configuration message.
Proposal 5: Bundled ACK/NACK can be used to acknowledge a bundle of transport blocks. The timing of the ACK/NACK can be based on the transmission of the last packet in the bundle.
Proposal 6: Consider multiple ACK/NACK (e.g. using a bitmap) to acknowledge all transport blocks in a bundle.
Proposal 7: Confirm the working assumption that each transport block corresponds to a unique HARQ process for unicast.

	[6] R1-1810916	 Scheduling of multiple DL/UL transport blocks, source Qualcomm Incorporated
Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides substantial gain due to time diversity.
Proposal 1: 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.
	- One DL + One UL TBS from single MPDCCH (targeting VoLTE).
Proposal 2: Study interaction of “Multiple DL TBS from single MPDCCH” with HARQ bundling.
Proposal 3: Support interlacing of TBs to achieve time diversity.
Proposal 4: Study what parameters can be common across multiple TBs to minimize the DCI size.
Proposal 5: For the case of VoLTE, the TBS candidates (or candidate sets of UL/DL TBSs) can be configured by RRC, and the DCI only includes a pointer to one of the candidates.

	[7] R1-1810822	 Discussion on scheduling of multiple TBs for MTC, source Samsung
Observation 1: Scheduling of multiple transport blocks could be DCI-based dynamic scheduling.
Observation 2: For UL unicast, the HARQ-ACK feedback for multiple transport blocks scheduled in one DCI could be implicitly indicated in next UL grant with NDI bitmap.
Observation 3: Early termination of PUSCH can be adopted for scheduling of multiple UL transport blocks.
Observation 4: For DL unicast, the HARQ-ACK feedback for multiple transport blocks scheduled in one DCI could be transmitted after reception of the last DL transport block. ACK/NACK bundling, multiplexing or bitmap can be considered.
Observation 5: Scheduling of both DL and UL transport blocks could be considered at least for TDD to utilize the nature of interlaced UL/DL subframe structure.
Observation 6: Up to 4 transport blocks for CE mode A and up to 2 transport blocks for CE mode B can be scheduled in one DCI.
Observation 7: Compared with legacy DCI formats, the size of some fields e.g. MCS should be reduced in the new DCI formats in order to align with legacy DCI formats.
Proposal 1: Interlaced transmission for scheduling of multiple transport blocks is not supported.
Proposal 2: DCI-based scheduling of multiple transport blocks for SC-MTCH can be further discussed.
Proposal 3: For scheduling of multiple transport blocks in unicast, at least the following information should be indicated in DCI implicitly or explicitly:
The number of actual scheduled transport blocks
Resource allocation, repetition, MCS for all transport blocks
Scheduling delay before the first transport block
HARQ ID (of the first transport block)
NDI/RV bitmaps of each transport block
Proposal 4: The size of new DCI formats used to schedule multiple transport blocks should be aligned with legacy DCI formats.

	[8] R1-1810487	 Multiple TB Grant Design for Unicast, source Sierra Wireless, S.A.
Observation 1: Adding gaps when 2 TBs are scheduled improves SNR gains but slows data rate.
Observation 2: The SNR gain from interleaving TBs is significant even when frequency hopping enabled.
Proposal 1:	Interleave the TB repetitions
Proposal 2:	Support adding gaps between TB repetitions. FFS: gap configuration
Proposal 3:	Consider increasing the number of HARQ process to at least 4 for CE mode B when multiple TBs are scheduled.

	[9] R1-1810650	 Support of scheduling of multiple DL / UL transport blocks for MTC, source Sony
Proposal 1: the maximum number of multiply scheduled transport blocks is either 4 or 8. 
Proposal 2: ACK/NACK for multiply scheduled transport blocks are bundled and transmitted in a single PUCCH.

	[10] R1-1810501	 Consideration on scheduling enhancement for MTC, source ZTE
Observation 1: For multi-TBs scheduling with one DCI, increasing DCI size would not increase the blind decoding.
Observation 2: Transmission gap would cause lower transmission rate and resource utilization.
Observation 3: Interleaving requires larger UE processing cache and the realistic gain that can be achieved needs further study.
Observation 4: Mixed transmission scheduling can save the MPDCCH overhead, UE power and improve the transmission efficiency 
Observation 5: If backward compatibility should be maintained for Rel-16 UE and legacy UE in SC-PTM, the advantage to adopt multi-TBs scheduling with DCI is not evident.
Proposal 1: SPS enhancement for multi-TB scheduling without DCI is not supported. 
Proposal 2: Common parameters can be considered to reduce the DCI overhead 
FFS detailed parameters
Proposal 3: For multi-TBs scheduling in MTC, the downlink/uplink frequency position for each TB can be the same.
Proposal 4: For unicast multi-TBs scheduling, continuous time domain resource allocation should be supported. 
Proposal 5: Confirm the following working assumption:
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
Proposal 6: For unicast in CE Mode A and CE Mode B, multi-TBs scheduling should be supported.
Proposal 7: For CE mode B, the maximum TBs number is 2. For mode A, the maximum number for multi-TBs scheduling is less than or equal to the legacy maximum number of HARQ processes.
Proposal 8: The interleaving performance for multi-TBs scheduling needs further study.
Proposal 9: For CE Mode B in MTC, mixed transmission scheduling should be considered to improve the transmission efficiency. Mode A FFS. 
Proposal 9: For CE Mode B in MTC, mixed transmission scheduling should be considered to improve the transmission efficiency. Mode A FFS. 
Proposal 10: For MTC mode B, bundling should not be supported, and the centralized feedback mechanism is preferred.
Proposal 11: For MTC FDD UE in CE mode A，bundling should not be supported. For HD-FDD UE in CE Mode A, bundling can be reused.
Proposal 12: PUCCH resource allocation mechanism can be reused and the detailed can be FFS.
Proposal 13: Multi-TBs scheduling without DCI should not be supported in SC-PTM. 
Proposal 14: For Rel-16 UE only network, Multi-TBs scheduling with DCI can be supported in SC-PTM.

	[11] R1-1810813	Beijing Xiaomi Software Tech
Proposal 1: Support interlacing transmission when the number of scheduled TB is larger than X
FFS the X value 
The basic unit for interlacing transmission includes Z repetitions of one TB
Z is configured via RRC
Proposal 2: Consider group HARQ feedback for multi-TB scheduling
Both HARQ bundling and HARQ multiplexing can be considered for DL HARQ 
Proposal 3: Support early termination in Multi-TB scheduling 
More investigation is needed for the details




During the RAN1#94 discussion, the followings were agreed
· Specify scheduling of multiple transport blocks for both CE Mode A and B
· The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
· When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].
· The number of blind decodes for MPDCCH is not increased as a result of scheduling multiple TBs
· One DCI to schedule multiple TBs for SC-MCCH is not supported

During the RAN1#94 discussion, the following were made as a working assumption
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 

Conclusion
· When multiple TBs are scheduled by one DCI, study interleaving amongst TBs from different HARQ process in cases of repetitions
· Companies are encouraged to submit evaluation results in the next RAN1 meeting

Updated progress from RAN1#94bis

Agreement
Confirm the working assumption that
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 


Agreement
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.


Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]

Working Assumption
For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.

Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4

For further study until next meeting:
How to efficiently handle retransmissions when scheduling multiple DL/UL transport blocks.


For further discussion
For CE mode A, RAN1 further discuss to down select between the following options:
· Alt1: Only TB-specific feedback is supported, i.e., no HARQ ACK/NACK feedback bundling
· Alt2: HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled [by RRC or DCI] if the network determines there is a benefit, when multiple DL transport blocks are assigned by a single DCI.

Agreement
The UE should only monitor one DCI size in the UE specific search space

For further consideration:
Optimization of the DCI size and the impact of aspects including number of transport blocks, scheduling pattern (interleaving and scheduling gap), resource assignment, modulation and coding scheme, retransmissions.



Agreement
Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. FFS the maximum number of TBs can be scheduled by one DCI.

In NB-IoT RAN1#94bis, it is agreed. 

Agreement
Individual feedback for each HARQ process is supported. 
FFS if HARQ bundling/multiplexing can be optionally supported.


Updated proposal from feature lead:

For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled [by RRC or DCI], when multiple DL transport blocks are assigned by a single DCI. If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback, i.e., no HARQ ACK/NACK feedback bundling or multiplexing. 
· RAN1 further compare the performance between HARQ ACK/NACK feedback bundling and multiplexing and down-select between the two options. 
For CE mode B, further study if there is a benefit for HARQ ACK/NACK feedback bundling or multiplexing on PUCCH. If there is a benefit identified, same principle as CE mode A can be applied, i.e., this feature can be enabled by [RRC or DCI]. 


[bookmark: _Ref178064866]2	Discussion
2.1	Unicast
2.1.1	Working assumption in previous meeting
As no companies raise technical concerns about the working assumption, it is proposed that
Confirm the working assumption that
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 

[bookmark: _Hlk526351507]2.1.2	Dynamic scheduling of single/multiple TBS via DCI
In RAN1#94, it was agreed that 

· The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
· When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].
· The number of blind decodes for MPDCCH is not increased as a result of scheduling multiple TBs

In this meeting, this issue is further discussed by serval sourcing companies. Regarding the maximum number of scheduled transport blocks, as shown by [1][2][4][8], it is preferred to have 4 or 8 TBs scheduled by one DCI. As pointed out in [1] that for CE mode B, in the UL, at most two HARQ processes are supported. In [8], it is proposed to increase the number of HARQ process to four. In addition, some sourcing companies [7][9][10] pointed out for CE mode B, a smaller number of TBs scheduled by one DCI is preferred. Therefore, it is proposed that

For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for both UL and DL.
For CE mode A, RAN1 down-select from the following options regarding how to configure the maximum number of scheduled transport blocks, if the feature is enabled in RRC:
· Alt1: the maximum number of scheduled transport blocks with one single DCI is configured by RRC signaling from a set {2, 4, [8]} for both UL and DL. 
· Alt2: explicitly specify the maximum number of scheduled transport blocks with one single DCI as [8] for CE mode A for both UL and DL. 

For CE mode B, the maximum number of scheduled transport blocks with one single DCI is [2] in the UL, and [2] for the DL. 
For CE mode B, RAN1 down-select from the following options regarding how to configure the maximum number of scheduled transport blocks, if the feature is enabled in RRC:
· Alt1: the maximum number of scheduled transport blocks with one single DCI is configured by RRC signaling for the DL and the UL. The exact number depends on the agreed value in proposal 4. 
· Alt2: explicitly specify the maximum number of scheduled transport blocks with one single DCI as [8] for DL, and [2] for UL. 

2.1.3	Retransmissions
The issue with scheduling retransmissions independently or mixed with other (re)transmissions is discussed [1][2]. Based on the understanding of the feature lead, this is a very important issue, as the DCI design cannot proceed without reaching a consensus on this topic. However, this issue was not discussed by most of the sourcing companies. For the progress of this work, the feature lead emphasizes that companies should bring in contributions to discuss this issue. Therefore, it is proposed that 
RAN1 concludes to 
Further study how to efficiently handle retransmissions when scheduling multiple DL/UL transport blocks.
2.1.4	HARQ ACK/NACK feedback
Regarding the HARQ ACK/NACK feedback bundling, several sourcing companies expressed their views. Some companies [3][6][9][10][11] pointed out that HARQ ACK/NACK bundling is beneficial in terms of resource saving, and/or for UEs in deep coverage, while some other companies [1][2][4][10] expressed their concerns about the reliability issue and the potential complications when it comes to error handling. This can be harmful for UEs in deep coverage, as an error can result in a significant amount TBs need to be retransmitted. As a compromise, and considering the use cases brought up by different sourcing companies, 
For CE mode A, RAN1 further discuss to down select between the following options:
· Alt1: Only TB-specific feedback is supported, i.e., no HARQ ACK/NACK feedback bundling.
· Alt2: HARQ ACK/NACK feedback bundling on PUCCH can be enabled [by RRC or DCI] if the network determines there is a benefit, when multiple DL transport blocks are assigned by a single DCI.
HARQ ACK/NACK feedback on PUCCH bundling is not supported in CE mode B, when multiple DL transport blocks are assigned by a single DCI. 
2.1.5	Scheduling gaps
In [2], [3] and [8], it was proposed to have gaps in-between two TBs due to the potential time diversity gain. However, in [1][10] it is argued that the same time diversity can be achieved when considering HARQ retransmission. Moreover, there can be additional delays if there are gaps, and it may complicate the timing relationships as pointed out by [2]. Therefore, it is proposed that
Further study whether gaps should be inserted in between two TBs, especially the power consumption from the UE, and network resource usage, and timing relationships, should be considered. 
2.1.6	Interleaving
Interleaved UL transmission was discussed in the previous meeting. To be more specific, five sourcing companies supports the idea, and four companies have concerns. One company proposes to further study, and one company does not express any opinion. Several sourcing companies expressed the benefits of having interleaved TB scheduling schemes [3][5][6][8][11]. However, several other sourcing companies raised concerns about the complexity and gains about interleaved TB scheduling in the UL. In [1], it is pointed out that same time diversity gain can be achieved when considering the HARQ retransmission. In [2], it is pointed out that time interleaving may affect RV updating principle and frequency hopping. In [7], it raised concern about the complexity at the eNB, as well as the gains for smaller number of TBs. In [10], it also raises the concerns on UE processing cache and the realistic gain that can be achieved. Clearly there is no consensus can be reached in this meeting on this issue. Therefore, the feature lead proposes that 
RAN 1 concludes that 
When multiple TBs are scheduled by one DCI, further investigate the gains of interleaving amongst TBs from different HARQ process in cases of repetitions. At least the following should be prioritized in the evaluations: 
· HARQ retransmission
· Small number of repetitions
· eNB and UE complexity
· Implications on RV updating principle and frequency hopping issues 
2.1.7	DCI design
The impacts on the DCI design were discussed by almost all the sourcing companies. It is agreed in RAN1#94 that new DCI design should not increase the UE complicity in terms of MPDCCH blind decodes [6][8]. The impact of the functionality on the size and design of the DCI is considered in [1][2][4][7][10]. Common DCI parameters across multiple transport blocks and pre-configured TBS candidates are proposed in [1] and [6]. Based on the feature lead’s understanding of the contributions, it is proposed that 
The UE should only monitor one DCI size.  
Further consider optimization of the DCI size and the impact of aspects including number of transport blocks, scheduling pattern (interleaving and scheduling gap), resource assignment, modulation and coding scheme, retransmissions.  
2.1.8 	Other issues
One sourcing company [6] proposed that considering using one DCI to schedule both DL and UL transmissions, i.e., “One DL + One UL TBS from single MPDCCH (targeting VoLTE).” No other sourcing companies expressed similar views. 
Four sourcing companies offered no opinions on this issue [1][3][8][9]. One sourcing company [7] supports the idea to using one DCI to schedule of multiple TBs for UL and DL transmission for unicast in SPS. One sourcing company [6] discussed the use case in VoLTE and pointed out the potential overhead reduction. 
In [2], it is pointed out that there is no clear use case, and therefore using one DCI to schedule multiple TBs should not be considered in SPS. Also, it is pointed out that in the UL, the UE may perform a number of empty transmissions as indicated via RRC signaling if the deactivation signaling is missed. In [10], it is pointed out that compared with the legacy SPS, scheduling multiple TBs without DCI shows no obvious gain. 

2.2	Multicast
For using one DCI to schedule multiple TBs in SC-PTM, based on the understanding of the feature lead, no companies express the concerns about using one DCI to schedule multiple TBs for SC-MTCH. Therefore, it is proposed that
Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. FFS the maximum number of TBs can be scheduled by one DCI.  
However, there are several different proposals about whether to skip the DCI for SC-MTCH. In [3] and [6], it proposes to consider skipping the DCI for SC-MTCH. However, [10] raises some concerns with this proposal. 
Further study the support of DCI skipping for SC-MTCH.
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