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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, 10 contributions submitted in this agenda items. The proposal and observations from these contributions are listed below.
	From [1]  

Observation 1	Due to the limited range of scheduling delay values a DCI can point to, the benefits of using one DCI to schedule two TBs are more obvious for UEs requires more repetitions, especially in the case when lots of data needs to be communicated, both in the DL and UL.
Observation 2	Significant throughput increase can be achieved by using one DCI to schedule tow TBs comparing to using two HARQ processes, especially for UEs in extended coverage that require more repetitions.
Observation 3	Given the agreement that the soft buffer size of the legacy UE should not increase, restrictions on the TB sizes must be applied if the number of TBs scheduled by one DCI is larger than the number of HARQ processes that are supported by the UE.
Observation 4	If one DCI can be used both to schedule initial and retransmission of different HARQ processes, the trade-off between flexibly and DCI overhead should be carefully studied.
 
Proposal 1	To reduce the DCI monitoring effort, the number of TBs scheduled should be dynamically indicated in the DCI.
Proposal 2	For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.
Proposal 3	At most two HARQ processes are supported when using one DCI to schedule multiple TBs.
Proposal 4	Confirming the working assumption that for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.
Proposal 5	To reduce keep the DCI size minimum, the two TBs scheduled by one DCI should be of the same size and using the same MCSs and number of repetitions.
Proposal 6	In the DL when one DCI schedules multiple TBs, the TBs are send back-to-back.
Proposal 7	The TBs scheduled by the same DCI should be individually acknowledged.
Proposal 8	The ACK/NACK of different TBs scheduled by the same DCI should be send back-to-back with the same UL gap and postponing rules defined as legacy NPUSCH. A minimum 12 ms should be kept between the end of a TB to the start of the corresponding ACK/NACK to allow UE enough processing time.
Proposal 9	When using one DCI to schedule multiple TBs, at least for single tone, different subcarrier allocations for different TBs can be considered in the NB-IoT UL.
Proposal 10	Do not support interleaving multiple TBs when the TBs are scheduled by the same DCI.
Proposal 11	When using one DCI to schedule multiple TBs, 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 12	Intruding 2 more bits in the DCI to indicate the number of scheduled SC-MTCH segments as 1, 2, [3] [4].
Proposal 13	DL SPS should be supported in Rel-16 NB-IoT with the flexibly that eNB can schedule one or several TBs.


	
From [2]
Proposal 1: Multiple TBs scheduling for SC-MTCH needs to handle backward compatibility with Rel-14 SC-PTM.
Observation 1: In comparison with Rel-14 SC-MTCH scheduling:
· If the DCI and TBs for Rel-16 multiple TBs scheduling are different to that for Rel-14 UEs, the resource overhead increases.
· If the DCI for Rel-16 multiple TBs scheduling is one of the DCIs that schedules the same TBs for Rel-14 UEs, the resource overhead does not increase.
Proposal 2: Rel-16 SC-MTCH multiple TBs scheduling reuses Rel-14 DCI, i.e. no new DCI is introduced.
Proposal 3: For SC-MTCH, the DCI for Rel-16 multiple TBs scheduling is one of the DCIs that schedules the same TBs for Rel-14 UEs.
Proposal 4: For scheduling multiple SC-MTCH TBs with one DCI, the number of TBs is indicated in SC-MCCH.
Proposal 5: For SC-MTCH, all the TBs scheduled by one DCI use the same resource assignment, MCS and repetition number.
Observation 2: For unicast, two main differences compared to SC-PTM are:
· HARQ operation.
· No backward compatibility issue.
Proposal 6: Confirm the working assumption:
•	For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.
Observation 3: In comparison with legacy unicast scheduling, if each TB corresponds to a single HARQ process, 2/3 of the types of NB-IoT UEs cannot save any DCI and the other 1/3 of NB-IoT UEs can only save one DCI.
Proposal 7: It is essential for NB-IoT to support multiple TBs corresponding to one HARQ process.
Observation 4: For continuous transmission, it is feasible to support multiple TBs corresponding to one HARQ process if the size of TB is restricted.
Observation 5: For non-continuous transmission, it is feasible to support multiple TBs corresponding to one HARQ process.
Observation 6: Many candidates of TBS with large size cannot support lower MCS. 
Observation 7: It is practical that eNB has to send multiple small packets instead of one large packet in many cases (e.g. scheduling with lower MCS for deep coverage UEs).
Observation 8: Performance of transmitting multiple smaller TBs is better than that of one large TB.
Proposal 8: Multiple TBs corresponding to a unique HARQ process is supported for NB-IoT.
Proposal 9: The following aspects need to be further studied for unicast:
· Maximum number of  TBs scheduled by one DCI
· HARQ-ACK feedback within one HARQ process
· HARQ-ACK feedback between different HARQ processes
· DCI design (e.g. study which parameters can be common among multiple TBs to save overhead)


	From [3]  
 
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: 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 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: For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.
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 NPDSCH/NPUSCH.
Cyclic repetition pattern should be considered in designing interleaving pattern

	[bookmark: OLE_LINK42][bookmark: OLE_LINK43]From [4]    
Observation 1: The overhead for DCI on NPDCCH and DL A/N on NPUSCH Format 2 is identical for back-to-back or non-continuous transmission of multiple DL TBs.
Proposal 1: DL HARQ A/N bundling on NPUSCH Format 2 is not supported
Proposal 2: Confirm working assumption: For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.
Proposal 3: The number of DL HARQ processes for scheduling multiple DL/UL transport blocks is 1 or 2.
Observation 2: The overhead for DCI UL grant and implicit UL A/N via NDI on NPDCCH is identical for back-to-back or non-continuous transmission of multiple UL TBs.
Observation 3: Greater than 2 UL HARQ processes increases need to insert inefficient UL Compensation Gap of 40 ms for re-synchronization. 
Proposal 4: The number of UL HARQ processes for scheduling multiple DL/UL transport blocks is 1 or 2.
Observation 4: Single HARQ process with non-continuous multiple DL/UL TBs allows more compact DCI with simplification of HARQ parameters.
Proposal 5: Back-to-back or non-continuous transmission of multiple UL TBs is supported.
Proposal 6: Design of new or re-interpreted DCI fields in DCI format N0 or N1 to support multiple TB scheduling via single DCI is FFS.


	[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48] From [5]  
1.  Increasing the number of TBs beyond 2 per multi-TB grant will be beneficial 

1. Further study using feedback between TBs to increase the number of TB per DL grant. 

Comparing “Feedback Between TB” and “Increase UL HARQ processes” to increase the number of TBs per UL Grant
· Both methods will require the number of UL HARQ processes to increase
· Increase UL HARQ processes is simpler to specify and can easily made optional
· Increase UL HARQ processes uses less NPDCCH resources
· Increase UL HARQ processes increases UL speed which reduces UE power consumption
· Increase UL HARQ processes provides more SNR gain (>=1 dB) when interleaving TB is used

1. One single DCI will support scheduling up to 2 TBs and [8] TBs for the UL.
· Support for [8] TBs will be an optional UE implementation


· Interleaving transport blocks provides a large SNR gain 
· Interleaving save more resources on NPUSCH then MTBG on NPDCCH
· The SNR gain without gaps and without 4 HARQ processes is limited (0.3,1.0, 0.6)
· The SNR gain with gaps provides the best gains but this is at the expense of data rate
· The SNR gain with 4 HARQs provides similar gain for the same time diversity as gaps 
· When repeats are used, 4 UL HARQs increases data speed by nearly 2X vs 2 UL HARQs

1. 
· Interleave the transmitted TBs when repeats are used
· Support adding gaps in the transmission. FFS: gap configurations

To ensure the MTBG feature saves NPDCCH resources, the size of the MTBG should not grow by more than a few bits.



	[bookmark: OLE_LINK50][bookmark: OLE_LINK51] From [6]  
Observation 1: Transmission gap would cause lower transmission rate and larger DCI overhead, which brings the higher UE power consumption and eNB scheduling complexity
Observation 2: Adding transmission gap would cause increase of resource fragmentation and negative effects on the coverage of legacy UE.
Observation 3 : The benefit of individual feedback is it can feedback transmission state of each TB scheduled. 
Observation 4: Interleaving reduces the benefit of individual feedback.
Observation 5: Interleaving requires higher processing buffers. 
Proposal 1: New DCI format can be considered to schedule multi-TBs for multicast.
Proposal 2: Interleaving should not be supported for multicast.
Proposal 3: The maximum number of TBs for multicast can be 8 or 16.
Proposal 4: For multi-TBs scheduling, the frequency location for each TB shall be the same.
Proposal 5: For unicast multi-TBs scheduling, continuous resource allocation should be supported. 
Proposal 6: Confirm the following work assumption
---For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE
Proposal 7: For the downlink/uplink transmission in Rel-16 NB-IoT, the number of HARQ processes should not increase.
Proposal 8: Each TB corresponds to a unique HARQ process.
Proposal 9: interleaving should not be supported for unicast.
Proposal 10: Mixed scheduling should be supported to save NPDCCH overhead.
Proposal 11: Bundling should not be supported while multiplexing can be considered for downlink transmission.
Proposal 12: Continuous uplink feedback starts at the K-th subframe position after the end of multi-TB scheduling.



	[bookmark: OLE_LINK55][bookmark: OLE_LINK56]From [7]  

Proposal 1: The maximum number of transport blocks scheduled by one single DCI for either UL or DL is fixed to 2.
Proposal 2: DCI payload reduction for scheduling multiple transport block(s) needs further study.
Proposal 3: Some of the interleaving issues should be further studied, e.g. interleaving pattern, interleaving period, GAP period, TB transmission sequence of multiple TBs, etc.
Proposal 4: Cyclic repetition is supported even for TB interleaving transmission.
Proposal 5: For unicast transmission, continuous time domain resource allocation should be supported for multiple TBs scheduling.
Proposal 6: HARQ ACK/NACK resource for multiple TB can be indicated by DCI grant scheduling NPUSCH.
Proposal 7: For independent ACK/NACK feedback, ACK/NACK timing offset of multiple TB to the corresponding PDSCH should be further studied.


From [8]  
Proposal 1: Confirm the working assumption that, for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.
Proposal 2: For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.
Proposal 3: For unicast, the maximum number of TBs that can be dynamically indicated by DCI is 2.
Proposal 4: One bit is added to the DCI to indicate the number of scheduled transport blocks.
Proposal 5: When two transport blocks are scheduled, the HARQ process number is implicitly indicated as {0,1} for first and second transport blocks.
Proposal 6: The same MCS, resource allocation, and number of repetitions are used for all transport blocks.
Proposal 7: The DCI can individually indicate the NDI for each transport block.
Proposal 8: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
Proposal 9: 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 10: Bundled ACK/NACK can be optionally configured. The timing of the ACK/NACK can be based on the transmission of the last packet in the bundle.


	From [9]
Observation 1: If each scheduled transport block corresponds to a unique HARQ process, scheduling of multiple transport blocks has marginal gain compared with legacy 2-HARQ processes, and cannot be supported by single-HARQ capable UE.
Observation 2: For scheduling of multiple transport blocks in unicast, at least the following information could be indicated in DCI implicitly or explicitly:
· The number of actual scheduled transport blocks
· Scheduling delay before the first transport block
· HARQ ID (of the first transport block)
· Common parameters for all transport blocks including resource allocation, repetition and MCS
· TB-specific NDI/RV
Observation 3: 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 for the size alignment between legacy and new DCI formats.

Proposal 1: If each transport block corresponds to a unique HARQ process, the resource of multiple transport blocks scheduled in single DCI should be consecutive in time domain.
Proposal 2: Scheduling of initial transmissions and retransmissions of multiple transport blocks in the same DCI should be supported.
Proposal 3: NDI bitmap with 1 bit per transport block in UL/DL grant is used to schedule the initial transmission or retransmission of multiple UL/DL transport blocks.
Proposal 4: Interlaced transmission for scheduling of multiple transport blocks is not supported.
Proposal 5: SPS-based scheduling of multiple transport blocks should be considered to further reduce the overhead of control signaling. Periodical resources are scheduled for one HARQ process to support transmission of multiple transport blocks.
Proposal 6: If periodical resources are scheduled for one HARQ process, the HARQ-ACK feedback is transmitted in the gap between two resources corresponding to the same HARQ process. It is beneficial to overhead reduction if only NACK is transmitted.
Proposal 7: If periodical resources are scheduled for one HARQ process, the initial transmission and retransmission of transport blocks can be derived by both NDI bitmap indicated in DCI grant and ACK/NACK feedback.
Proposal 8: The size of new DCI formats used to schedule multiple transport blocks should be aligned with legacy DCI formats.

 

	From [10]
Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides gain due to time diversity.
Proposal 1: Study the interlacing of TBs to achieve time diversity.
Proposal 2: The introduction of scheduling enhancements shall not increase the UE complexity in terms of NPDCCH blind decodes.
Proposal 3: Study what parameters can be common across multiple TBs to reduce DCI size.
Observation 2: 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 1 bit.
Proposal 4: 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 5: Restrict the set of possible values for RV index, MCS and Frequency Hopping indicators based on the repetition number configured.
Proposal 6: 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.
Observation 3: 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 5 bits (from a potential 16) vis-à-vis encoding fields separately.
Proposal 7: For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.


	 




Multi-TBs scheduling with DCI for unicast
[bookmark: OLE_LINK18]DCI design principle
In tdoc [1] [8] [10] , it is proposed that common parameters across multiple TBs can be considered to reduce DCI size. In [10], it is proposed to use joint coding for further overhead reduction.

[bookmark: OLE_LINK10]Proposal 1:   For initial transmission,
· MCS, resource allocation and number of repetitions are common across all transport blocks
· FFS other parameters
FFS the case with both initial transmission and retransmission

 Frequency and time domain location for transmitted TBs
Regarding the frequency location of the transmitted TB, in [1] it is suggested at least for single tone, different subcarrier allocation for different TBs can be considered. In [5], it is proposed to have same frequency location for each TBs.
[bookmark: OLE_LINK29]Proposal 2: For multi-TBs scheduling
· DL: frequency location for each TB is same
· UL: FFS.
There are two potential solutions of time domain location for multi-TBs scheduling, i.e. continuously and discontinuously (with gap). Most companies support continuous transmission, within these companies, in [1] [6] [7][9]it is explicitly stated that discontinuous transmission with gaps is not preferred. While in [3] [5] discontinuous transmission with gaps is proposed. In [4] it is proposed to support both. Since it seems there is no opposition for the continuous transmission, we have the following recommendations:
[bookmark: OLE_LINK31]Proposal 3 : For unicast multi-TBs scheduling, continuous TB transmission is supported. FFS discontinuous transmission with gaps.
Interleaving TBs
[bookmark: OLE_LINK25][bookmark: OLE_LINK35]In [3], [5] it is proposed to support interleaving TB transmission. In [1] [4] [6] [9], interleaving is opposed. In [7][10], it is proposed to further study interleaving TBs.
Proposal 4:  Further study interleaving of TBs

 Scheduling pattern
[bookmark: OLE_LINK26][bookmark: OLE_LINK36]Most companies agree to confirm the working assumption in RAN1 #94bis. Therefore it is proposed:

Proposal 5:  Confirming the working assumption that for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.


In [1] [6] [9], it is proposed one DCI can be used to schedule both initial and retransmission of different HARQ process. 
Proposal 6:  One DCI can be used to schedule both initial and retransmission of different HARQ process. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK1] HARQ Feedback
1)  Number of multiple Tbs/HARQ process

For multi-TBs scheduling in NB-IoT, the maximum number of TBs can be decided by the following two options:
· [bookmark: OLE_LINK9]Option1: Each TB corresponds to a unique HARQ process. [1] [3][6][7][8][10]
· [bookmark: OLE_LINK11]Option2: Multiple TBs corresponds to a unique HARQ process. [2]
 
[bookmark: OLE_LINK32]Proposal 7:  For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
           FFS if optionally one HARQ process can corresponds to multiple TBs.

For NB-IoT, the maximum number of HARQ processes is 2. It is natural to follow this also for multiple TB scheduling, which is supported by [1][4][6][7][8]. In [4], it is proposed to also have 4 UL HARQ supported.
 
Proposal 8 :  Maximum UL HARQ process supported is 2 .
            Maximum DL HARQ process supported is 2 . 
           FFS: if optionally 4 UL HARQ process can be supported.
 
2) HARQ bundling/multiplexing
 
In[1] , In [ 4] [6] it is proposed not to support bundled HARQ feedback. Additionally, in [8], it is proposed to support HARQ bundling. In [6] it is proposed to support multiplexing. In [3],it is proposed to support bundling and/or multiplexing.
Proposal 9:  FFS if HARQ bundling/multiplexing can be optionally supported.

[bookmark: OLE_LINK37]
Multi-TBs scheduling with DCI for Multicast  
Multi-TBs scheduling with DCI
Last meeting, we agree that one DCI to schedule multiple TBs for SC-MTCH.  In this meeting, In [1]   it is proposed to support 4 TBs at the maximum, while in [5], it is suggested to use 8 or 16.
[bookmark: OLE_LINK6][bookmark: OLE_LINK8][bookmark: OLE_LINK5][bookmark: OLE_LINK40]Proposal 10:  The maximum number of TBs for multicast is [4, 8]
 
SPS enhancement
[bookmark: OLE_LINK41]Regarding SPS, in [1][9] it is proposed to consider DL SPS with the flexibility that eNB can schedule one or several TBs. In [x] it is suggested for further study.  
[bookmark: OLE_LINK12]Proposal 11:  FFS SPS enhancement. 
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