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[bookmark: OLE_LINK23]Introduction
In previous RAN1 meetings, the following agreements and working assumptions were reached.
In the last RAN1 #94 meeting 
Agreement
· [bookmark: OLE_LINK28]For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.
· One DCI to schedule multiple TBs for SC-MCCH is not supported.
· For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD.
· For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS.

In RAN1 #94bis meeting 
Agreement
· The UE should only monitor one DCI size in the UE specific search space.
· Individual feedback for each HARQ process is supported. 
· FFS if HARQ bundling/multiplexing can be optionally supported.
· 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.

Working Assumption
· For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE

In RAN1 #95 meeting 
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 allocation


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

[bookmark: OLE_LINK2]RAN1#96 agreement
One DCI can be used to schedule both initial and retransmission of different HARQ processes.

For unicast, when all the TBs are scheduled by one DCI
· MCS, repetition number, resource allocation, are common across all UL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, Flag for differentiation
· MCS, repetition number, resource assignment, are common across all DL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, NPDCCH order indicator, Flag for differentiation
· FFS: HARQ-ACK resource

For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB
· FFS: Whether to support relationship 2 (1 HARQ process corresponds up to 2 TBs) in addition to relationship 1
· RAN1 will make decision on the support for the FFS part in RAN1#96bis

For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1

[bookmark: OLE_LINK4]For TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. FFS details.
RAN1#96bis agreement

Agreement
1 bit for RV indication in UL transmission is used regardless of the number of TBs
· Common RV indication is mapped to both TBs

Working Assumption
3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation
· FFS: Details coding scheme of these 3 bits 

Conclusion
Relationship 2 is not supported in Rel-16.

Agreement
In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI, detailed value FFS.
· For the case of 1 TB scheduling, legacy UE behavior is maintained

Agreement
For SC-MTCH multiple TBs scheduling, select one from the three options in RAN1#97
1. Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
1. Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
1. Support both a) and b)

In Ran1 #97 meeting, 10 contributions submitted in this agenda items. The proposal and observations from these contributions are listed below.

Multi-TBs scheduling with DCI for unicast
[bookmark: OLE_LINK18] 	DCI design 
[bookmark: OLE_LINK10] 
During last RAN1 meeting, DCI for scheduling of initial and retransmission TBs within one DCI means was discussed and one working assumption is agreed. For this meeting, in contributions [1] [2] [5][7][8], it is proposed to confirm the working assumption:
[bookmark: OLE_LINK31]Proposal 1:  Confirm the working assumption last meeting:
3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation
· FFS: Details coding scheme of these 3 bits 

In this meeting, companies also discussed detail design for the coding scheme of these 3 bits. The following scheme from [10] has been proposed by quite a few companies.
Proposal 2: The coding scheme of the three bits (scheduled TB number, HARQ process index, NDI for HARQ operation) can be as follows:
 
	Codepoint
	Description

	000
	Single TB scheduling, HARQ ID=0, NDI=0

	001
	Single TB scheduling, HARQ ID=0, NDI=1

	010
	Single TB scheduling, HARQ ID=1, NDI=0

	011
	Single TB scheduling, HARQ ID=1, NDI=1

	100
	Multi-TB scheduling, NDI=00

	101
	Multi-TB scheduling, NDI=01

	110
	Multi-TB scheduling, NDI=10

	111
	Multi-TB scheduling, NDI=11


Table 1: Joint coding scheme of scheduled TB number, HARQ process index, NDI for HARQ operation

Interleaving TBs
[bookmark: OLE_LINK35][bookmark: OLE_LINK25]In [2] [4] [6] [10], it is proposed to support interleaving TB transmission. In [1] [5] [8] [9] , interleaving is opposed. In [3], it is proposed to further study some issues of interleaving.
Proposal 3: FFS interleaving TBs.

[bookmark: OLE_LINK15][bookmark: OLE_LINK1]HARQ Feedback

1) HARQ Timing relationship
In previous RAN1 meeting, it is agreed that the ACK/NACK of different TBs should be send back-to-back. Also, it is agreed that in case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB ending in subframe n scheduled by the DCI. 
In [2], it is proposed that ACK/NACKs timing value for 2TB case depends on the length of last TB and ACK/NACK resources. In [5], it is proposed that legacy ACK/NACK delay can be reused. 

Proposal 5: For individual feedback of 2 TBs case, continuous uplink feedback starts, after the end of  DL subframe for FDD , where n is the ending subframe of last scheduled TB and is down-selected from the following two choices:
a) [bookmark: _GoBack]The same value as the one for legacy one TB case.
b) [bookmark: OLE_LINK5]New value depends on the length of last TB and ACK/NACK resources.


2) HARQ bundling/multiplexing
In [1] [2] [8], it is proposed not to support HARQ bundling and multiplexing.[5] suggests that do not support bundling. In [7], it is proposed that bundling can be optionally configured. 
Proposal 6: Multiplexing and bundling are not supported.

3)ACK/NACK frequency resource
[bookmark: OLE_LINK3]In [2] [8], it is proposed to make the HARQ-ACK frequency resource field as the common parameter.
Proposal 7: HARQ-ACK frequency resource field is common across the HARQ-ACK feedback for all the DL TBs scheduled.

Others
The following proposals are also proposed from company’s contributions

Proposal from [4]: For unicast, when all the TBs are scheduled by one DCI, a UE may optionally support a maximum of 4 UL HARQ processes.

Proposal from [5]: When the repetition number is larger than 1, for the large TBS case, increasing the RU number can be considered. 

Proposal from [6]: 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 from [2]:
[bookmark: OLE_LINK7]In case 2 TBs are scheduled, scheduling delay field (IDelay) is used to determine the delay between DCI and the first TB.
In case 2 TBs are scheduled, reuse Table 16.4.1-1 for downlink and Table 16.5.1-1 for uplink in TS 36.213.


Multi-TBs scheduling with DCI for Multicast  
Multi-TBs scheduling with DCI
In last RAN1 meeting, for SC-MTCH scheduling, it was decided to down-select from the following options in this meeting
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b)

In the contributions for this meeting, [1] [5] [7] propose to modify existing DCI to indicate the number of scheduled TBs (option a), while [2][6][8] propose to option (b) and [9] propose to support option(c). It is suggested to down-select between these options in this meeting.
Proposal 8: Online discussion and decision.
[bookmark: OLE_LINK41]It was agreed that maximum number of TBs is 8 for multicast, therefore additional 3 bits in DCI to indicate the scheduling information of 8 TBs is necessary.  
Proposal 9: Three bits are used to indicate TB number (1~8) .
In [5], it is proposed that non-continuous transmission between SC-MTCH TBs is supported. In [1] [10], it is proposed that additional scheduling gap can be considered because of the UE processing..
Proposal 10: Non-continuous transmission between SC-MTCH TBs is supported, details FFS.
Others
In this section, some other proposals from submitted tdocs are listed.
 
For SC-PTM, allow the following modes of operation [10]:
	- Mode 1: The SC-PTM service targets legacy and new UEs.
	- Mode 2: The SC-PTM service targets only new UEs.
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	From [1]  
Proposal 1	For scheduling of multiple TBs for unicast, do not support interleaving of TBs scheduled by the same DCI.
Proposal 2	For scheduling of multiple TBs for unicast, the retransmission of a TB for a HARQ process can be either scheduled individually or together with a new initial TB transmission of another HARQ process.
Proposal 3	For scheduling of multiple TBs for unicast, extend the NDI field to support retransmission of different HARQ processes.
Proposal 4	Confirm the working assumption for scheduling of multiple TBs for unicast that 3 bits are used to indicate scheduled TB number, HARQ process index, and NDI for HARQ operation.
Proposal 5	For scheduling of multiple TBs for unicast, do not further consider HARQ-ACK bundling/multiplexing in Rel-16 NB-IoT.
Proposal 6	For scheduling of multiple TBs with SC-MTCH, modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field).
Proposal 7	For scheduling of multiple TBs with SC-MTCH, introduce 3 more additional bits in the DCI to indicate the number of scheduled SC-MTCH segments (1-8).
Proposal 8	For scheduling of multiple TBs with SC-MTCH, no scheduling gap between consecutive TBs is introduced for the purpose of allowing (backwards compatible) scheduling of the same TBs to UEs supporting and not supporting multi-TB scheduling.




	
From [2]

Proposal 1: Multiple TBs scheduling for SC-MTCH needs to handle backward compatibility with Rel-14 SC-PTM.
Observation 1: When same SC-MTCH TBs are received by both Rel-16 UE and legacy UE, option b) outperforms in terms of DCI overhead.
Observation 2: If SC-MTCH TBs are received by only Rel-16 UE, option b) outperforms in terms of UE detection complexity.
Proposal 2: For SC-MTCH multiple TBs scheduling, option b) is adopted. (i.e. reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers).
Observation 3: For unicast, two main differences compared to SC-PTM are:
· HARQ operation.
· No backward compatibility issue.
Proposal 3: In case 2 TBs are scheduled, scheduling delay field (IDelay) is used to determine the delay between DCI and the first TB.
Proposal 4: In case 2 TBs are scheduled, reuse Table 16.4.1-1 for downlink and Table 16.5.1-1 for uplink in TS 36.213.
Proposal 5: Confirm the working assumption: 3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation. 
Proposal 6: Coding scheme of these 3 bits is as followings: 
· 1 bit is used to indicate the scheduled TB number, i.e. {1, 2}.
· If the scheduled TB number is indicated as 1, the remaining 2 bits are used to indicate NDI and HARQ process index for the scheduled TB.
· If the scheduled TB number is indicated as 2, the remaining 2 bits are used to indicate NDIs for 1st TB and 2nd TB, and HARQ process indexes for 1st TB and 2nd TB are predefined as 0 and 1 respectively. 
Proposal 7: Same as legacy DCI, single HARQ-ACK resource field with 4 bits indicates the timing and the subcarrier position of the ACK/NACKs in case 2 DL TBs are scheduled.
Proposal 8: The timing relationship of ACK/NACK for each HARQ process is the same as Rel-15, i.e. for each HARQ process the start of ACK/NACK transmission is >= 12ms later than the end of the corresponding DL TB.
Observation 4: The minimal ACK/NACKs timing value can be different for repetition case and non-repetition case in case 2 DL TBs are scheduled.

Proposal 9: In case 2 DL TBs are scheduled, the minimal ACK/NACKs timing value at least depends on NRep, NSF and , where: 
· NRep is determined by the repetition number field in DCI.
· NSF is determined by the resource assignment field in DCI.

 is given by the higher layer parameter ack-NACK-NumRepetitions.
Proposal 10: Both HARQ-ACK bundling and multiplexing are not supported for NB-IoT.
Observation 5: Interleaving transmission has 2dB gain and no impact on UE hardware in comparison with non-interleaving transmission.
Proposal 11: Interleaving is supported for unicast.


	From [3]  
Proposal 1: The number of scheduled transport blocks is indicated in DCI, and bitsize of HARQ process number and NDI field in DCI are deteremiend by the nubmer of scheudled transport blocks.
Proposal 2: Cyclic repetition is supported even for scheduling multiple TBs.
Proposal 3: Some of the interleaving issues should be further studied, including interleaving pattern, interleaving period, GAP period, TB transmission sequence of multiple TBs.
Proposal 4: HARQ ACK/NACK resource for multiple TB can be indicated by DCI grant scheduling NPUSCH.
Proposal 5: For independent ACK/NACK feedback, ACK/NACK timing offset of multiple TB to the corresponding PDSCH should be further studied.
 


	[bookmark: OLE_LINK43][bookmark: OLE_LINK42]From [4]    
1. For unicast, when all the TBs are scheduled by one DCI, a UE may optionally support a maximum of 4 UL HARQ processes

· Interleaving transport blocks provides a large SNR gain 
· Interleaving saves more resources on NPUSCH then MTBG on NPDCCH
· The best SNR gain is achieved with gaps
There is no increase in the peak soft buffering requirements nor any increase in the peak turbo decoding requirements when interleaving TBs. 
Cyclic repetition can still be supported when interleaving TBs
1. For the case of single DCI scheduling multiple transport blocks with repetitions, the repetitions for one transport block are interleaved with repetitions of all the other transport blocks
1. For the case of single DCI scheduling multiple transport blocks with repetitions, the DCI can indicate one of [4] scheduling gaps configurations. 
1. The RV of initial TBs is 0, and the RV for all retransmissions is the same and is indicted by the RV field.
1. The number of TBs, HARQ process index, NDI for HARQ operation are joint coded into the 3-bit field.




	[bookmark: OLE_LINK47][bookmark: OLE_LINK46][bookmark: OLE_LINK48] From [5]   
 Observation 1:
-Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs
-Option2 shows less scheduling flexibility, which may cause the higher power consumption and lower data rate. 
-Option1 has little impact on the network overhead.  
Observation 2: 
For the large TBS case, increasing the RU number and keeping the total resources unchanged improve performance
Observation 3: The SNR gains at the 10% BLER point for 2 TBs case is limited.

Proposal 1: Modifying existing DCI can be considered for the multi-TBs scheduling for multicast.
Proposal 2: Gap can be considered for multicast, details FFS.
Proposal 3: Introduce additional 3 bits in DCI to indicate the scheduling information of 8 TBs.
Proposal 4: When the repetition number is larger than 1, for the large TBS case, increasing the RU number can be considered. 
Proposal 5: Interleaving should not be supported for unicast.
Proposal 6: Confirm the working assumption:
3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation
FFS: Details coding scheme of these 3 bits
Proposal 7: The coding scheme of the three bits (scheduled TB number, HARQ process index, NDI for HARQ operation) can be selected from the following options:
Option1: 3bits for joint indication( 8 state mapping table up to editor )
Option2: 1bit for TBs number and 2bits for interpretation of HARQ process index and NDI 
Option3: 1bit for NDI, 2bits interpretation for TBs number and mixed/non-mixed scheduling
Proposal 8: Bundling should not be supported for unicast.


Proposal 9: For individual feedback of 2 TBs case, continuous uplink feedback starts, after the end of  DL subframe for FDD , where  is the same with single TB case. 
Proposal 10: The feature of larger maximum TBS in R14 can be considered to support multi-TBs scheduling.

 



	[bookmark: OLE_LINK51][bookmark: OLE_LINK50] From [6]  
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 NPDSCHs 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 NPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read NPDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules NPDSCH for SC-MTCH in the preceding Type-2A common search space.


Proposal 1: HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by 3 bit-long joint encoding scheme as follows:
· 1 bit is used as a flag indicating the number of scheduled TBs between 1 and 2
· when the flag indicates 1 TB scheduling, another bit signals a scheduled HARQ process ID and the other bit conveys NDI information
· when the flag indicates 2 TBs scheduling, the other 2 bits convey NDI information of each HARQ process ID
Proposal 2: 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 3: 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 4: In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs depends on the number of scheduled subframes of TB
Proposal 5: For multiple SC-MTCH transmission, introduce DCI skipping mechanism which allows UE to periodically skip monitoring NPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read NPDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules NPDSCH for SC-MTCH in the preceding Type-2A common search space.
Proposal 6: Interleaved transmission of multiple transport blocks scheduled via single DCI should be introduced.
· Each interleaved transport blocks should contain at least one repetition of NPDSCH/NPUSCH.
Cyclic repetition pattern should be considered in designing interleaving pattern



	[bookmark: OLE_LINK56][bookmark: OLE_LINK55]From [7]  
Proposal 1: Confirm the working assumption that 3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation.
Proposal 2: One bit is added to the DCI to indicate the number of scheduled transport blocks.
Proposal 3: When two transport blocks are scheduled, the HARQ process number is implicitly indicated as {0,1} for first and second transport blocks.
Proposal 4: For multicast, modify the existing SC-MTCH DCI to indicate the number of scheduled TBs by adding a new field.
Proposal 5: In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACK with respect to the last TB is given in the DCI.
Proposal 6: Bundled ACK/NACK can be optionally configured. The timing of the bundled ACK/NACK is with respect to the last TB.
Proposal 7: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
Proposal 8: 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.
 
  

From [8]  
  Proposal 1:
· The repetitions for one transport block being interleaved with repetitions of all the other transport blocks is not supported. 

Proposal 2:
· Neither HARQ-ACK bundling nor HARQ-ACK multiplexing are supported. 
· The Rel-13 NB-IoT timing relationship between a TB and its corresponding ACK/NACK feedback is kept, i.e. a minimum 12ms gap is supported between the end of a TB and the start of its corresponding ACK/NACK feedback. 

Proposal 3:
· 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 4:
· Confirm the working assumption that 3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation.

Proposal 5:
· The HARQ-ACK frequency resource indicated by the DL DCI is common across the HARQ-ACK feedback for all the DL TBs scheduled by the DCI.
· The HARQ-ACK delay indicated by the DL DCI applies to the HARQ-ACK feedback for all the DL TBs scheduled by the DCI, by deferring the whole back-to-back HARQ-ACK transmission according to the indicated delay.

Proposal 6:
· For SC-MTCH multiple TB scheduling, reuse Rel-15 DCI and use SC-MCCH to indicate TB number.


	From [9]
Proposal 1: Interlaced transmission for scheduling of multiple transport blocks is not supported.
Proposal 2: The joint decoding of scheduled TB number, HARQ process index and NDI with 3 bits are provided in Table 1.
Proposal 3: Further study if size of legacy fields can be reduced to support size alignment from legacy DCI format and DCI format scheduling multiple TBs.

 


 

	From [10]
 Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides gain due to time diversity.
Proposal 1: Support the interlacing of TBs to achieve time diversity.
Proposal 2: For unicast, the joint coding scheme in Table 1 are used for DCI design.
Proposal 3: For scheduling of multiple TBs for SC-PTM, consider the following processing modes for the UE:
- Option 1: “Real time processing” (UE receiving multiple NPDSCH with gap in between)
- Option 2: Batch processing (UE receiving multiple NPDSCH back to back + additional gap between last NDPSCH and next NPDCCH)
Proposal 4: The gap NPDSCH-NPDSCH and NPDSCH-NPDCCH depends on the required UE processing time and NPDSCH transmission duration.
Proposal 5: For SC-PTM, allow the following modes of operation:
	- Mode 1: The SC-PTM service targets legacy and new UEs.
	- Mode 2: The SC-PTM service targets only new UEs.
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