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1	Introduction
The Rel-16 work item on “Additional MTC enhancements for LTE” [13] includes an objective to specify the following improvement for machine-type communications for BL/CE UEs:
	Scheduling enhancement:
· [bookmark: _Hlk516765510]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 total 12 documents were submitted to this agenda item, and they are listed in the reference section as references [1] – [12]. The observations and proposals from each contribution are listed in Annex A. The earlier RAN1 agreements are listed in Annex B.
2	Unicast
2.1	Scheduling gaps
With respect to scheduling gaps, it is proposed in 
· [3] [4] [11] [16] to allow for scheduling gaps between the TBs
· [1] that scheduling gaps is further studied 
· [5] [6] [7] [10] that scheduling gaps is not supported

Concerns expressed for scheduling gaps include
· Increased UE power consumption [5] [7]
· Increased transmission delay and reduced throughput [5] [4] [6] [7] [10] 
· Lack of feature gain for obtaining time diversity (due to already agreed interleaving or invalid subframes) [6] [7] [10]
· Increased resource fragmentation and scheduling complexity [6] [7] [10]  

The benefit of increased scheduling flexibility (by e.g. not limiting the use of the full bandwidth for a long consecutive time for higher category UEs) is expressed in [1] [3] [4] [11]
With scheduling gaps optionally configured per UE via dedicated RRC signalling, it is considered that the expressed concerns and gains can be balanced. 
RAN1 discusses whether it should be possible to configure time gaps between TBs for unicast per UE separately for DL and UL via RRC signaling.
2.2	Interleaving
At RAN1#96 it was agreed that both contiguous and interleaved transmission of repetitions from the scheduled TBs are supported. 
Aspects of deciding between contiguous or interleaved transmission are addressed in [2] [7]. It is proposed in [2] to configure contiguous or interleaved transmissions via higher layer signaling. In [7] it is proposed that interleaving is configured via RRC signaling and triggered (once configured) based on the number of repetitions.
For unicast, the UE is configured for interleaved transmission of subframe repetitions of the respective TBs separately for DL and UL via RRC signaling.
For UE configured for interleaved transmission, it is FFS whether the actual use of interleaving for a transmission also depends on the DCI contents.

Further aspects of the interleaving pattern are addressed in several contributions:
· Frequency of interleaving (e.g. every N:th subframe) [2] [4] [10]
· Relation to frequency hopping [3] [7] [10] 
· Relation to RV update [3]

For next meeting, for interleaved transmissions in CE mode A/B and UL/DL unicast, companies are encouraged to bring detailed proposals on the interleaving pattern with respect to {Frequency of interleaving, frequency hopping, RV update}.

2.3	DCI design
With respect to the DCI design, it is agreed at RAN1#95 that the following parameter values in the DCI are common to all TBs:
For the DL unicast for a UE, when multiple TBs are scheduled by one DCI, the following parameter values are the same across all the TBs:
-	Frequency-hopping flag, PMI confirmation (TM6-specific), Precoding information (TM6-specific), DM-RS scrambling / antenna ports (TM9-specific), Downlink assignment index (TDD-specific), PUCCH power control
-	FFS: MCS, RV, Resource assignment, Number of PDSCH repetitions
For the UL unicast, when multiple TBs are scheduled by one DCI, the following parameter values are the same across all the TBs:
-	Frequency-hopping flag, TPC command
-	FFS: MCS, RV, Resource assignment, Repetition number, Downlink assignment index (TDD-specific)
At RAN1#96 also the following parameters are agreed to be common:
For the DL/UL unicast for a UE, when multiple TBs are scheduled by one DCI, the parameter values for {MCS, Resource assignment, Repetitions} are the same across all the TBs scheduled by that DCI.
-	If specified, in the case where one DCI schedules TB for both initial and retransmission, the above applies for TBs for both initial and retransmission
It is proposed in [1] that when designing the DCI, the possibility of configuring scheduling multiple DL/UL transport blocks together with existing Rel-14/15 features should be considered. It is indicated in [1] that the following features should be possible to configure and use in combination with the scheduling of multiple TBs:
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B

Furthermore, it is indicated in [1] that the following features should also be possible to use in combination with the scheduling of multiple TBs if the impacts on the DCI size can be kept limited:
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B

RAN1 discusses which of the following features that should be possible to configure and/or use in combination with scheduling of multiple TBs:
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B

It is noted in [2] that there is an ambiguity if the common parameter “Repetitions” in the RAN1#96 agreement include both PUSCH and PDSCH repetitions. 
For clarification, it is proposed that also the field Number of PDSCH repetitions is explicitly mentioned as a common field in the DCI for DL transmissions. Also, the SRS request is proposed to be common.
For the DL unicast for a UE, when multiple TBs are scheduled by one DCI, the parameter value for number of PDSCH repetitions is the same across all the TBs scheduled by that DCI, and there is only a single parameter value for number of MPDCCH repetitions and only a single parameter value for SRS request.
[bookmark: _Hlk1653855]To support scheduling of multiple TBs the interpretation and size of existing fields as well as addition of new fields and potentially joint encoding of fields are needed. A list of information that is considered needed to be conveyed via the DCI may include:
· Number of scheduled TBs
· Allocated HARQ processes
· In case of multiplexing initial and re-transmissions, New data indicator for the respective HARQ process
· Redundancy version for the respective HARQ process

For next meeting, for unicast when multi-TBs are scheduled, companies are encouraged to provide additional input on DCI designs which address how the information is parameterized with respect to {Number of scheduled TBs, Allocated HARQ processes, New data indicator for the respective HARQ processes, Redundancy version for the respective HARQ processes}.
In addition, if multiplexing of initial and re-transmissions is supported in the DCI, the relation of the TB size and MCS and Resource allocation for the DCI in the initial and re-transmission, respectively needs to be specified.
For next meeting, for unicast when multi-TBs are scheduled, companies are encouraged to provide additional input on DCI designs with respect to the relation between the TB size and the MCS and Resource allocation for initial and re-transmissions, respectively.

[bookmark: _Hlk526351507]2.4	Retransmissions
At RAN1#95 organizations was encouraged to bring input on DCI designs which can support either of:
A. Scheduling of initial and retransmission TBs within one DCI
B. Scheduling of initial TBs within one DCI, and retransmissions with one DCI
C. Scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI

The support for the different options A, B, and C in the contributions to RAN1#96bis is
A. Supported by [3] [4] [6] [7] [8] [9] [10] [11]
B. Supported by [2] [5]
C. Supported by [1]

There is a clear majority for option A, but concerns for the design of the DCI for the options A and B are provided in [1] [2] [5]:
· In [1] it is expressed that options A and B lead to a very significant increase in the size of the DCI compared to option C.
· In [2] it is expressed that option A will lead to a further increased size of the DCI compared to option B. The aspect of the TB size for the initial and retransmissions is also considered to motivate option B in favor of option A.
· In [5] it is expressed that either of options A and B is workable but considering the increased specification impact option B is the preferred option.
RAN1 discusses the impacts on DCI size and on support for legacy features for the different options for scheduling of initial transmission and retransmissions when scheduling multiple TBs for DL and UL in unicast.

2.5	HARQ ACK/NACK feedback
It was agreed in RAN1#94bis that 
For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled or disabled by [RRC and/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 configuration principle as CE mode A can be applied, i.e., this feature can be enabled or disabled by [RRC and/or DCI].
The aspects of HARQ ACK/NACK feedback bundling or multiplexing is addressed in [1] [4] [5] [6] [7] [11]. Particularly, the increased complexity and potentially reduced coverage of multiplexing is addressed in [1] [5] and no explicit support for multiplexing is provided.
For CE mode A, HARQ ACK/NACK feedback bundling on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI (details FFS). 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.
For next meeting, for HARQ ACK/NACK feedback when multi-TBs are scheduled, companies are encouraged provide proposals on timing relationship between PDSCH and PUCCH (for both the bundling case and the non-bundling case).

2.6 	Other issues
2.6.1	MPDCCH monitoring occasions
It is proposed in [3] to consider reducing MPDCCH monitoring occasions for multiple TBs scheduling.
2.6.2	Timing relationship
It is proposed in [3] to study timing relationships of the scheduling (between MPDCCH and each DL/UL TB and between each DL TB and ACK/NACK feedback) and any relation to the potential use of continuous or discontinuous transmission    
2.6.3	Transmission in preconfigured uplink resources
It is proposed in [4] that scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources, configured via higher layer configuration.
2.6.4 	DL and UL transmission from single DCI
It is proposed by [9] to define one DCI to schedule both DL and UL transmissions, i.e., “One DL + One UL TBS from single MPDCCH (targeting VoLTE).” 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.

3	Multicast
It is proposed in [1] [4] that the same {MCS, resource assignment, number of repetitions} are used for all TBs for multiple SC-MTCH.
For scheduling of multiple TBs with SC-MTCH, the parameter values for {MCS, resource assignment, number of repetitions} is used for all TBs
In [7] it is proposed to introduce 3 bits to indicate the number of scheduled TBs, whereas in [1] it is proposed to compress this field to 2 bits.  
For scheduling of multiple TBs with SC-MTCH, a parameter of [2, 3] bits is introduced in the DCI to indicate the number of scheduled TBs
With respect to DCI, it is proposed in [4] to provide dynamic indication of the number of scheduled TBs by modifying the existing SC-MTCH DCI to indicate the number of scheduled TBs in a new field. It is proposed in [7] that a new DCI format is considered to indicate scheduling of multiple TBs for multicast. 
It is proposed in [4] [7] that scheduling gaps is supported when scheduling multiple TBs with SC-MTCH.
In [11] it is prosed to introduce DCI skipping mechanism for multiple SC-MTCH transmission which allows UE to periodically skip monitoring MPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read PDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules PDSCH for SC-MTCH in the preceding Type-2A common search space.
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Annex A: Observations and proposals in contributions
The following observations and proposals are provided in contributions [1] - [12].
	[1] R1-1903884, Scheduling of multiple DL/UL transport blocks in LTE-MTC, Ericsson
Observation 1: Multiplexing initial transmissions and retransmissions in the same DCI leads to a very significant increase of the size of the DCI.
Observation 2: Scheduling multiple retransmissions in the same DCI leads to a very significant increase of the size of the DCI unless a pre-defined set of TBs are retransmitted.
Observation 3: Individual retransmissions for each HARQ process lead to the smallest increase of the DCI size.
Proposal 1: For DL/UL unicast, it is supported to only transmit initial transmission when multiple TBs are scheduled by one DCI, and retransmissions are only scheduled by individual DCI for each HARQ process.
Proposal 2: For DL/UL unicast, the allocated HARQ processes for the multiple TBs for initial transmissions are fixed or semi-statically configured based on a single HARQ process number provided in the DCI.
Proposal 3: HARQ ACK/NACK feedback bundling can be enabled or disabled by RRC, when multiple DL transport blocks are assigned by a single DCI.
Proposal 4:	For HARQ ACK/NACK feedback bundling, at least bundling of all the scheduled TBs is supported.
Proposal 5:	Downlink scheduling gaps are further considered.
Proposal 6:	If scheduling gaps is specified, the use of scheduling gaps is configured via RRC signalling.
Proposal 7:	Further consider which Rel-14/15 features that should be possible to configure and/or use together with scheduling of multiple DL-UL transport blocks.
Proposal 8:	Introduce 2 additional bits in the DCI to indicate the number of scheduled SC-MTCH segments as 1, 2, 4 or 8
Proposal 9:	For SC-MTCH, when multiple TBs are scheduled by one DCI, the parameter values for {MCS, Resource assignment, Repetitions} are the same across all the TBs scheduled by that DCI.
Proposal 10: For SC-PTM when one DCI schedules multiple TBs, the effect of scheduling gap is further considered.

	[2] R1-1903907, LTE-M Multiple Transport Block Grant Design Considerations, Sierra Wireless, S.A.
Observation 1: To ensure the MTBG feature saves PDCCH resources, the size of the MTBG DCI should not grow by more than a ~8 bits.
Observation 2: Scheduling of both initial and retransmission TBs within one DCI can only occur if the TB size is the same for all TBs
Observation 3: Scheduling of both initial and retransmission TBs within one DCI will require an additional 14 RV bits in the DCI.
Observation 4: Scheduling of either initial and retransmission TBs within one DCI uses less PDCCH resources than option 1.
Observation 5: Using sequential HARQ IDs will either require many DCI messages or greatly increase the DCI size 
Observation 6: A MTBG DCI design for CE mode A which adds only 8 bits is feasible without a material loss in scheduling flexibility
Observation 7: A MTBG DCI design for CE mode B which adds only 4 bits is feasible without a material loss in scheduling flexibility

Proposal 1: Choose Option 2: Scheduling of initial TBs within one DCI, and retransmissions with one DCI is specified.
Proposal 2: When multiple TBs are scheduled by one DCI, the Redundancy Version field is the same across all the TBs scheduled by that DCI.
Proposal 3: When multiple TBs are scheduled by one DCI, the following DCI fields can be common across TBs:
· SRS request
· DCI subframe repetition number

Proposal 4: Add a new flag to the DCI to differentiate between a single TB grant and multi-TB grant. 
Proposal 5: The HARQ process ID and number of TBs is indicated by a “1” in an HARQ ID bit mask 
· For CE mode A, the bit mask is 8 bits 
· For Ce Mode B, the bit mask is 4 bits 

Proposal 6: Limit the MCS option to 4 (2 bits) 
· MCS options are configured by RRC.  FFS: MCS choices 

Proposal 7: For Full PRB allocations, limiting the Resource field to 4 options (2 bits) 
Proposal 8: For the case of single DCI scheduling multiple transport blocks with repetitions, the UE is configured for either contiguous or interleaved scheduling of repetitions via higher layer signalling.
Proposal 9: For the case of single DCI scheduling multiple transport blocks with repetitions, and for CE mode A, and for full PRB transmissions and when interleaving is used to schedule repetitions, the TB changes ever TTI. 
· FFS: sub-PRB transmissions

Proposal 10: In CE Mode B when interleaving is used to schedule Full PRB repetitions with a MTBG, study the following options: TB changes ever X mod(SF,4)=0 where X:
· Alt1: is configure by the eNB via higher layer signalling 
· Alt2: is the number of frequency hopping narrow band


	[3] R1-1903917, Scheduling of multiple transport blocks, Huawei, HiSilicon
Observation 1: Time-interleaving may affect the RV updating behavior.
Observation 2: Time-interleaving may affect the frequency hopping.
Proposal 1: The RV updating rule and the frequency hopping pattern need to be enhanced when time-interleaving is enabled for multiple TBs scheduling. 
Proposal 2: Both continuous and discontinuous scheduling for mutiple TBs can be supported.
Proposal 3: Both independent and mixed retransmission scheduling should be supported for multiple TBs scheduling.
Proposal 4: One flag bit can be used to differentiate the DCI scheduling one TB and the DCI scheduling multiple TBs.
Proposal 5: For DL/UL unicast of a UE, RV is the same across all TBs scheduled by one DCI.
Proposal 6: For DL/UL unicast of a UE, the HARQ processes number for the scheduled multiple TBs is consecutive.
Proposal 7: For DL/UL unicast of a UE, different fields of the DCI can be jointly encoded in order to reduce the DCI size.
Proposal 8: Consider reducing MPDCCH monitoring occasions for multiple TBs scheduling. 
Proposal 9: For multiple TB scheduling, study the timing relationships, 
· Between MPDCCH and each DL transport block 
· Between each DL transport block and ACK/NACK feedback
· Between MPDCCH and each UL transport block


	[4] R1-1904169, Scheduling of multiple DL/UL transport blocks, Nokia, Nokia Shanghai Bell
Proposal 1: For unicast interleaved transmission, the interleaving is done every N subframes.
Proposal 2: For multicast, support both contiguous and interleaved transmission of multiple transport blocks.
Proposal 3: Support scheduling gap for both unicast and multicast transmission.
Proposal 4: One DCI can be used to schedule both initial and retransmission of different HARQ processes.
Proposal 5: Consider joint encoding of number of transport blocks and HARQ process numbers to reduce DCI overhead.
Proposal 6: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
Proposal 7: 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 signalling for UE in connected mode.
Proposal 8: Bundled ACK/NACK can be optionally configured in CE Mode A. The timing of the ACK/NACK can be based on the last transmission in the bundle.
Proposal 9: For multicast, the same MCS, resource assignment, and number of repetitions are used for all transport blocks.
Proposal 10: For multicast, modify the existing SC-MTCH DCI to indicate the number of scheduled TBs by adding a new field.

	[5] R1-1904231, On scheduling multiple DL / UL transport blocks, Sony
Proposal 1: Scheduling gaps for multiple transport blocks are not supported.
Proposal 2: HARQ bundling is supported.
Proposal 3: When a HARQ-bundled NACK is transmitted, individual PUCCH are transmitted following that HARQ-bundled NACK, indicating the ACK / NACK status of individual PDSCH transport blocks.
Proposal 4: Initial TBs are scheduled within one DCI and retransmissions are scheduled within another DCI.

	[6] R1-1904266, Scheduling of multiple DL/UL TBs for eMTC, Intel Corporation
Proposal 1: Scheduling gaps between TBs scheduled by one single DCI are not supported. 
Proposal 2: Support scheduling of initial transmission and retransmissions simultaneously by one single DCI.
Proposal 3:
· For CE mode A, HARQ-ACK bundling is supported.
· HARQ-ACK bundling design in Rel-14 feMTC can be reused, where HARQ-ACK bundling is supported only when there is no repetition for MPDCCH and for all the TBs scheduled by the single DCI.
· Following Rel-14 feMTC HARQ-ACK bundling design, the HARQ-ACK bundling can be enabled or disabled by RRC and DCI.
·  For CE mode B, neither HARQ-ACK bundling nor HARQ-ACK multiplexing are supported. 

Proposal 4: 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 5:
· 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.
· Two candidate RVs are supported for the initial RV of each TB indicated by the DCI. 
· The HARQ Process ID (PID) field is reinterpreted as the PID for the first scheduled TB, while subsequent TBs have consecutive HARQ PIDs. 

	[7] R1-1904344, Consideration on scheduling enhancement for MTC, ZTE
Observation 1: The minimum interleaving granularity is single TB for multi-TBs scheduling.  
Observation 2: Transmission gap would cause lower data rate and larger DCI size, which leads to higher UE power consumption and eNB scheduling complexity.
Observation 3: Adding transmission gap would increase of resource fragmentation and have negative effects on the legacy UE coverage.
Observation 4: Resources occupied by invalid subframes can be used to gain time diversity.
Observation 5: Mixed scheduling save the PDCCHs most compared with other options.
Observation 6: Mixed scheduling can be realized by increasing 1 more bit.

Proposal 1: New DCI format can be considered to indicate the multi-TBs scheduling for multicast.
Proposal 2: Gap should be supported for multi-TBs scheduling in multicast 
Proposal 3: Introduce additional 3 bits in DCI to indicate the scheduling information of 8 TBs.              
Proposal 4: Interleaving configurations, including interleaving granularity, should be RRC configured.
Proposal 5: When hopping is enabled, the interleaving granularity should be based on hopping granularity and number of narrow bands.  
Proposal 6: The triggering of interleaving should be based on the number of repetitions and the number of multi-TBs.
Proposal 7: For unicast multi-TBs scheduling, gap should not be supported.
Proposal 8: For CE mode B, bitmap method should be the baseline to indicate the HARQ processes.
Proposal 9: 9 states, including 8 states for single HARQ process and 1 state for 8 HARQ processes, should be indicated for multi-TBs scheduling in CE mode A.
Proposal 10: The number of DCI bits for HARQ process indication in CE mode A should be discussed first. It is proposed to use 5 bits for this purpose. 
Proposal 11: Mixed scheduling should be supported to save more PDCCHs for unicast.
Proposal 12: Bundling should not be supported for FDD UE if UE configures non-interleaving.
Proposal 13: Bundling can be considered if UE enables interleaving.
Proposal 14: For the individual feedback
· Separate feedback can be supported for FDD UE.
· Continuous feedback can be supported for HD-FDD UE.


	[8] R1-1904376, Scheduling of multiple transport blocks for MTC, Samsung
Observation 1: For FD-FDD UE, it is beneficial to support early termination of PUSCH when multiple UL transport blocks are scheduled via single DCI.
Observation 2: Compared with legacy DCI formats, in the new DCI format used to schedule multiple transport blocks, the size of some fields e.g. MCS and repetition could be reduced in order to achieve size alignment between legacy and new DCI formats.
Proposal 1: Scheduling of initial transmissions and retransmissions of multiple transport blocks in the same DCI should be supported.
Proposal 2: NDI bitmap with 1 bit per TB in UL/DL grant is used to schedule the initial transmission or retransmission of multiple UL/DL transport blocks.
Proposal 3: The HARQ ID corresponding to first actual scheduled TB is explicitly indicated in DCI grant, and the HARQ IDs of the subsequent HARQ processes are consecutive.
Proposal 4: The PUCCH resource allocation corresponding to HARQ-ACK feedback of multiple DL transport blocks could:
· Reuse legacy PUCCH resource allocation if HARQ-ACK bundling or multiplexing is used;
· PUCCH resource of the first scheduled TB is derived based on PDSCH resource of last DL TB, and the subsequent TBs use consecutive PUCCH resources.

Proposal 5: The new DCI format scheduling multiple transport blocks for unicast could explicitly indicate at least the following information:
· Number of actual scheduled transport blocks 
· HARQ ID of first actual scheduled TB
· Resource assignment/repetition/MCS, which are common for all TBs
· TB-specific NDI and RV

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

	[9] R1-1904519, Scheduling of multiple DL/UL transport blocks, Qualcomm Incorporated
Observation 1: For  TBs scheduled by a single DCI, jointly encoding HARQ Process, NDI and RV index fields saves  bits in DCI. For  TBs, this results in a saving of 6 bits.
[bookmark: _Hlk1130519]Observation 2: For a typical scenario with  TBs scheduled by one DCI, (separate) 3-bit repetition number signalling, (separate) 4-bit MCS signalling, and an MCS restriction to 2-bits for repetition numbers greater than 1, joint encoding across relevant DCI fields saves 10 bits (from a potential 40) vis-à-vis encoding fields separately.
Observation 3: Using a “NewTx/ReTx”-type indicator to schedule new and retransmissions separately leads to additional packet drops and system inefficiencies at physical and higher layers w.r.t employing the classical NDI per scheduled HARQ process.
Observation 4: Scheduling new and retransmissions separately incurs up to a  throughput loss over scheduling new and retransmissions together with the same DCI.
Observation 5: Scheduling initial and retransmissions separately results in physical layer performance degradation due to less diversity gains from TB interlacing.
Observation 6: For 8 TBs scheduled by one DCI, 3-bit repetition number signalling, 4-bit MCS signalling, and an MCS restriction to 2-bits for repetition numbers greater than 1: 
· Separate unrestricted encoding requires 40 bits; 
· Joint encoding (proposed in Section 3) requires 30 bits, while still retaining per-TB flexibility and high throughput; 
· The restricted encoding approach in [1] requires 18-20 bits with significant losses in throughput and efficiency, across the same set of DCI fields.

Proposal 1: Define scheduling enhancements for the following case:
· One DL + One UL TBS from single MPDCCH (targeting VoLTE).

Proposal 2: 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.
Proposal 3: Jointly encode at least the HARQ Process IDs, NDIs and RVs in the DCI to eliminate redundant combinations across these fields. FFS: Consider further joint encoding incorporating other fields.
Proposal 4: Restrict the set of possible values for RV index, MCS and Frequency Hopping indicators based on the repetition number configured.
Proposal 5: Jointly encode the repetition number, RV indices, MCS, FH indicator, HARQ Process IDs and NDIs to eliminate signalling redundant and restricted combinations across these fields.
Proposal 6: Enable scheduling of new transmissions and retransmissions together by a single DCI. Further enable an interpretation of a new data indicator field for relevant scheduled HARQ processes that follows the methodology of the legacy NDI field. 
Proposal 7: The TBS determination for multi-TB grants is as follows:
· For initial transmission, the TBS is derived based on the signalled MCS value.
· For retransmissions, the TBS is derived based on the initial MCS value. 


	[10] R1-1904567, Design of scheduling of multiple DL/UL transport blocks for MTC, Lenovo, Motorola Mobility
Proposal 1: For unicast, the HARQ process ID’s for the scheduled processes are consecutive.
Proposal 2: Cyclic repetition is supported for CE mode B.
Proposal 3: Scheduling of initial and retransmission TBs within one DCI is supported. 
Proposal 4: Some of the interleaving issues should be further studied, including interleaving pattern, interleaving period, TB transmission sequence of multiple TBs.
Proposal 5: For unicast transmission, do not add gap between two TBs in time domain for multiple TBs scheduling.
Proposal 6: HARQ ACK/NACK resource can be implicitly derived from MPDCCH location even for scheduling multiple TBs.
Proposal 7: For independent ACK/NACK feedback, ACK/NACK timing offset of multiple TB to the corresponding PDSCH should be further studied.

	[11] R1-1904607, Discussion on multiple transport blocks scheduling in MTC, LG Electronics
Observation 1: It is beneficial to the network in terms of scheduling flexibility but the network overhead would be increased if new DCI with separate G-RNTI which can dynamically schedule multiple PDSCHs for SC-MTCH is introduced. 
Observation 2: It is beneficial to both UE and network in terms of power and downlink resource efficiency if UE is allowed to periodically skip monitoring MPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read PDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules PDSCH for SC-MTCH in the preceding Type-2A common search space.

Proposal 1: Support scheduling of initial and retransmission TBs within one DCI.
Proposal 2: HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by [12] bit-long joint encoding scheme as follows:
Number of HARQ processes with consecutive HARQ process IDs can be scheduled with individual NDI.
Proposal 3: For CE mode A, one bit is used to represent either RV or FH indicator. 
· If scheduled repetition number is one, one bit is used for representing RV. 
· If scheduled repetition number is greater than one, one bit is used for FH indicator.

Proposal 4: Restriction of DCI fields for MCS and resource allocation is considered to reduce the size of multi-TB scheduling DCI.
Proposal 5: In case of multi-TB scheduling via single DCI, gap can be configured for following purposes: 
· Utilizing DL/UL gap(s) for the time diversity gain.
· Configuring DL/UL gap(s) on UE-specific search space(s) to reduce the impact on missing of multi-TB scheduling DCI.

Proposal 6: 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 for CE mode B.
Proposal 7: If individual HARQ-ACK is used in multi-TB scheduling, UE transmits HARQ-ACK for ACK reporting while DTX is used for NACK representation.
Explicit NACK transmission can be considered to represent NACK for all scheduled HARQ processes
Proposal 8: For multiple SC-MTCH transmission, introduce DCI skipping mechanism which allows UE to periodically skip monitoring MPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read PDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules PDSCH for SC-MTCH in the preceding Type-2A common search space.
Proposal 9: When scheduled TBs are interleaved, the cyclic repetition pattern should be preserved

	[12] R1-1904749, Scheduling of Multiple UL/DL TBS Considerations, Sequans Communications
Observation 1: The size of the DCI will affect the required buffer size of the UE.
Observation 2: For a UE supporting scheduling multiple UL/DL TBs there are two modes of operations:
a) Rel-16 scheduling multiple TBs per DCI
b)  Legacy, Rel-15 DCI

Observation 3: Using HPID and NDI bitmaps may allow flexibility, however it is not possible with the current DCI size, without strenuous changes to the DCI structure.
Observation 4: Defining J as a vector specifying the number of HPID per n_TB transmission of TBs along with a distance formula to calculate HPID sequence allows the generation of HPID sequence pool.
Observation 5: Using the proposed algorithm minimizes the number of DCIs required to transmit HPID sequences.
Proposal 1: Reuse Rel-15 unicast and multicast DCI size.
Proposal 2: A UE will only attempt to decode one type of DCI per search space either legacy DCI or Rel-16 multiple UL/DL TBs DCI.
Proposal 3: For multiple-TB DCI, the HARQ process ID sequence is in increasing order.
Proposal 4: Use sequence generating algorithm as baseline for HPID, and NDI fields in Rel-16 multiple UL/DL TBs DCI.



Annex B: Earlier RAN1 agreements
RAN1#94 agreements on scheduling of multiple DL/UL transport blocks for LTE-MTC:

	R1-1809562	Feature lead summary Scheduling of multiple DL UL transport blocks, Ericsson
R1-1809615	Updated Feature lead summary Scheduling of multiple DL UL transport 
	Blocks, Ericsson 
Agreement
Specify scheduling of multiple transport blocks for both CE Mode A and B

Agreement
The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD

Agreement
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

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

Agreement
One DCI to schedule multiple TBs for SC-MCCH is not supported

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. 



RAN1#94bis agreements on scheduling of multiple DL/UL transport blocks for LTE-MTC:

	R1-1811693	Feature lead summary Scheduling of multiple DL UL transport blocks, Ericsson
R1-1811680	Updated Feature lead summary Scheduling of multiple DL UL transport, Ericsson

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 (working assumption)

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

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.

Agreement
For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled or disabled by [RRC and/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 configuration principle as CE mode A can be applied, i.e., this feature can be enabled or disabled by [RRC and/or DCI]. 



RAN1#95 agreements on scheduling of multiple DL/UL transport blocks for LTE-MTC:

	R1-1813722	Feature lead summary Scheduling of multiple DL UL transport	Ericsson
R1-1813759	Updated Feature lead summary Scheduling of multiple DL UL transport	Ericsson 

Agreement
For CEmodeA, the maximum number of scheduled transport blocks with one single DCI is 8 in the UL, 8 in the DL

Agreement
The following working assumption is confirmed
For CEmodeB, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, 4 in the DL

Agreement
For both UL and DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 
· Above applies only for valid subframes within the consecutive resource allocation in time
· FFS: Whether time gaps between two TBs is also supported

For future meetings in Rel-16 eMTC:
Further consider which Rel-14/15 features that should be possible to configure together with scheduling of multiple DL-UL transport blocks.

Agreement
[bookmark: _Hlk1653330]For the DL unicast for a UE, when multiple TBs are scheduled by one DCI, the following parameter values are the same across all the TBs:
· Frequency-hopping flag, PMI confirmation (TM6-specific), Precoding information (TM6-specific), DM-RS scrambling / antenna ports (TM9-specific), Downlink assignment index (TDD-specific), PUCCH power control
· FFS: MCS, RV, Resource assignment, Number of PDSCH repetitions

Agreement
For the UL unicast, when multiple TBs are scheduled by one DCI, the following parameter values are the same across all the TBs:
· Frequency-hopping flag, TPC command
· FFS: MCS, RV, Resource assignment, Repetition number, Downlink assignment index (TDD-specific)

For next meeting
For unicast when multi-TBs are scheduled, companies are encouraged to bring in DCI designs which can support
1. scheduling of initial and retransmission TBs within one DCI
1. scheduling of initial TBs within one DCI, and retransmissions with one DCI
1. scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI
RAN1 tries to make a decision on which case is specified in the next meeting based on the trade-off between DCI overhead and scheduling flexibility comparisons of the three cases.

Agreement
For the case of single DCI scheduling multiple transport blocks with repetitions, scheduling of transport blocks repetitions is down selected between:
· Option 1: All the repetitions for one transport block are contiguously scheduled in valid UL/DL subframes
· Option 2: The repetitions for one transport block are interleaved with repetitions of all the other transport blocks
· Option 3: Option 1 and 2 are supported and eNB configures among them.

Agreement
The maximum number of TBs for multicast is 8.



RAN1#96 agreements on scheduling of multiple DL/UL transport blocks for LTE-MTC:
	R1-1903245	Feature lead summary for Scheduling of multiple DL/UL transport blocks for LTE-MTC, Ericsson
Recommendation for future meetings:
The use of scheduling gaps for unicast/multicast is further studied.
Agreement
Support option 3 from below
For the case of single DCI scheduling multiple transport blocks with repetitions, scheduling of transport blocks repetitions is down selected between:
· Option 1: All the repetitions for one transport block are contiguously scheduled in valid UL/DL subframes
· Option 2: The repetitions for one transport block are interleaved with repetitions of all the other transport blocks
· Option 3: Option 1 and 2 are supported and eNB configures among them
Above applies for unicast only.
Agreement
For the DL/UL unicast for a UE, when multiple TBs are scheduled by one DCI, the parameter values for {MCS, Resource assignment, Repetitions} are the same across all the TBs scheduled by that DCI.
· If specified, in the case where one DCI schedules TB for both initial and retransmission, the above applies for TBs for both initial and retransmission
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