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The contribution is the update from R1-1908727.
In the RAN#80 plenary meeting, a new work item for Rel.16 eMTC is approved. One of the objectives is to specify the scheduling improvement of DL and UL for machine-type communications for BL/CE UEs.
· Scheduling enhancement
· 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 the last RAN1 meeting, the following agreements are achieved for the design of scheduling multiple DL/UL transport blocks (TBs):

Agreement
In RAN1#98bis, select one of the following options for unicast in CE mode A
For the purpose indicating the number of TBs
· Option 1: 1 bit is added to the DCI to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple
· Option 2: A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple
· Option 3: 1 bit is added to the DCI to indicate one of the following:
· Up to 4 TBs are scheduled 
· In which case, a bit map is used to indicate details
· Up to 8 TBs are scheduled
· In which case, a table is used to indicate details
Agreement
In RAN1#98bis, select one of the following options for unicast in CE mode B
For the purpose indicating the number of TBs
· Option 1: 1 bit is added to the DCI to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple
· Option 2: A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple
· Option 3: 1 bit is added to the DCI to indicate mixed(initial and retransmission) scheduling and non-mixed scheduling
· Depending on whether it is mixed or non-mixed scheduling, UE interpretes the field indicating the number of TBs differently
· FFS: Details
Agreement
For unicast, at least when the scheduling with a single DCI includes retransmission(s) in some of the allocated HARQ process(es), the allocation of the HARQ processes is downselected from the following options in RAN1#98bis
· Option 1: Contiguous allocation of any starting HARQ process #
· FFS: The number of contiguous allocations defined in the DCI
· Option 2: Contiguous allocation of a limited set of HARQ processes
· FFS: The number of contiguous allocations defined in the DCI 
· Option 3: Allocation of any set of HARQ processes
· Option 4: Allocation of a limited set of HARQ processes
· Option 5: Contiguous allocation for mixed(initial+retransmisson) scheduling and non-contiguous allocation for all-initial or all-retx scheduling 
Down selection to be made separately for CE mode A and B
Agreement
For multicast, the size of the DCI field indicating the number of scheduled TBs for SC-MTCH is 3 bits
Agreement
For multicast, optional scheduling gaps can be configured by higher layers. It is left to RAN2 whether to do the configuration in SC-MCCH or SIB.
Agreement
· For unicast, for an MPDCCH ending in subframe N, the timing relationship for PDSCH is such that no PDSCH associated with the MPDCCH is received before subframe N+2.
· For unicast, for an MPDCCH ending in subframe N, the timing relationship for PUSCH is such that no PUSCH associated with the MPDCCH is transmitted before subframe N+4.
· For unicast, for a PDSCH transmission ending in subframe N, the corresponding HARQ-ACK is transmitted no earlier than in subframe N+4.
Conclusion
There is no consensus on the support of HARQ-ACK bundling in CE mode B for unicast multi-TB scheduling
Agreement
For unicast multi-TB scheduling, HARQ-ACK multiplexing in CE mode B is not supported
Agreement
For the design of DCI for multiple DL/UL TB:
· At least when a single TB is scheduled, aim for similar scheduling flexibility as that of legacy DCI
· Possible exceptions at least for some cases are the frequency hopping flag and RV index field
Agreement:
· For unicast, select option(s) from the following options
· Option 1: Scheduling of up to 8 TBs is supported with a single DCI design.
· Target for up to 6 bits overhead increase compared to legacy DCI
· Option 2: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {1, 2, [4], 8} in a UE specific manner. 
· The design methodology for the DCI for different maximum number of TBs is further studied 
· For the 2 TB case, target for up to 3 bits overhead increase compared to legacy DCI
· Note: Option 2 will require modification on existing agreement
· The following working assumption is confirmed.
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported
· For unicast, the new data indication is individually provided for each allocated HARQ process.
Working Assumption
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported
· At least for this case, the new data indication is individually provided for each allocated HARQ process.
Agreement
The following working assumption is confirmed:
For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI].
· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs.
· FFS: Details on the scheduling gap such as duration, applicability, etc.
For further discussion in RAN1#98bis
· For unicast, discuss whether the use of scheduling gaps can be used to allow early termination of an ongoing (multi-TB) uplink transmission.
· For unicast, discuss whether the start of the HARQ feedback on the uplink should be the same or can be different in the FD-FDD and HD-FDD cases. (Note that the answer may be different in the HARQ-ACK bundling and non-bundling cases.
· Prioritize HD-FDD case
	
In this contribution, detailed considerations of scheduling improvement for uplink and downlink, especially scheduling multiple DL/UL TBs with one DCI for unicast for Rel.16 MTC are presented.

Discussion
Scheduling multiple transport blocks for MTC
In the previous meeting, it was agreed that maximum number of scheduled TBs with one single DCI is 8 for CE mode A and 4 for CE mode B for both uplink and downlink. However, DCI size is largely determined by the supported maximal number of scheduled TB, and increasing DCI size significantly decreases the decoding reliability, especially for UEs in poor coverage. Therefore, we propose the maximal number of scheduled TB size is configurable in RRC signaling, which leave more scheduling flexibility to eNB. 
Proposal 1: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {2, 4, 8} in a UE specific manner.
Furthermore, common DCI parameters for the different TBs are preferable in DCI optimization, which is also easier for resource alignment and scheduling interleaved transmission if supported.  Besides the common parameter for all TBs, For the HARQ process indication, there are two potential options:
Option A:
· HARQ processes number used for the different TBs can be consecutive and HARQ process number for each TBs are derived from the HARQ process number specified in legacy DCI
· The number of scheduled TB is included in DCI 
Option B:
· Some predefined HARQ process combination scheduling pattern are specified in new DCI as shown in Table 1. The combination-scheduling pattern is suitable for HARQ feedback bundling enabling case, since TBs in same bundle should do the same new transmission or retransmission in one DCI scheduling.
Note: the above two options only increase one or two bits compared with legacy DCI format, which only adds some restriction of HARQ process scheduling. Therefore, the decrease of decoding reliability is negligible. 
In the last meeting, some scheduling issues and DCI optimization solutions are proposed. For the purpose indicating the number of TBs, option 2 of a new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs is proposed for both CE mode A and B. For example, new field of number of scheduled TB is included in DCI format or some predefined HARQ process combination patterns implicitly indicate the number of scheduled TBs.
For unicast, when the scheduling with a single DCI includes retransmission(s) in some of the allocated HARQ process(es), option 2 of contiguous allocation of a limited set of HARQ processes is straightforward to reduce the DCI size without losing much scheduling flexibility.  For example, DCI indicates the HARQ process number of first TB and further indicates the scheduled TB number, and the HARQ process number of first TB can be constraint to a HARQ process number set, e.g.,{0, 2, 4}. Otherwise, DCI indicates one of the predefined HARQ process combination patterns, and the HARQ process number is consecutive for the predefined combination pattern as shown in Table 1 for the maximal TB of 8 case.
[bookmark: _Ref521514743]Table 1: Initial evaluation of impacted fields in DCI format 6-1A
	DCI field
	Number of bits in legacy DCI format 6-1A
	Interpretation when multiple transport blocks enabled via RRC

	Flag for 6-0/6-1 differentiation
	1
	Same for all TBs

	Frequency-hopping flag
	1
	Same for all TBs

	Resource assignment
	5-9
	Same for all  TBs

	Number of PDSCH repetitions
	2
	Same for all TBs

	HARQ process number
	4 (FDD) 5(TDD)      
	Only some of HARQ process combination scheduling pattern supported, especially for TDD
Value 1-8      [P0][P1]…[P7]
Value 9-12    [P0,P1], [P2,P3]….[P6,P7]
Value 13-14  [P0,P1,P2,P3], [P4,P5,P6,P7]
Value 15       [P0,P1,P2,P3,P4,P5,P6,P7]

	MCS
	4
	Same for all TBs

	RV
	0 
	Default RV {0} or 1 bit to indicate RV for all TBs

	NDI
	8             
	One NDI bit for each HARQ process

	PMI confirmation (TM6-specific)
	1
	Same for all TBs

	Precoding information (TM6-specific)
	2 or 4
	Same for all TBs

	DM-RS scrambling / antenna ports (TM9-specific)
	2
	Same for all TBs

	Downlink assignment index (TDD-specific)
	2
	Same for all TBs

	PUCCH power control
	2
	Same for all TBs

	SRS request
	1
	Same for all TBs

	Ack/Nack offset
	2
	Same for all TBs

	Number of MPDCCH repetitions
	2
	Same for all TBs



Proposal 2: For scheduling multiple TB in unicast, the HARQ processes ID for the scheduled TB are consecutive.
Proposal 3: For the purpose indicating the number of TBs, option 2 of a new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs  is adopted for both CE mode A and B.
Proposal 4: For unicast, when the scheduling with a single DCI includes retransmission(s) in some of the allocated HARQ process(es), option 2 of contiguous allocation of a limited set of HARQ processes is straightforward to reduce the DCI size without losing much scheduling flexibility.
Proposal 5: For scheduling multiple TB in unicast, some predefined HARQ process combination scheduling patterns are supported, especially for TDD.
Proposal 6: For scheduling of initial and retransmission TBs in one DCI, RV is SAME for all TB, the RV is default value or indicated in DCI.

Cyclic repetition
Cyclic repetition is adopted in legacy CE Mode B for enabling symbol-level I/Q combining and frequency/timing offset tracking. So for scheduling multiple TBs with RV cyclic repetition, RV is changed every Nacc (=4) absolute subframes when mod (SF, Nacc) =0, and multiple TBs are transmitted in predefined order (e.g., TB0, TB1) for non-interleaving transmission as shown in Figure 1.
[image: ]
Figure 1 Cyclic repetition transmission illustration
Proposal 7: Cyclic repetition is supported for CE mode B and RV is changed every Nacc absolute subframes when mod (SF, Nacc) =0, and multiple TBs are transmitted in predefined order for non-interleaving transmission.

Interleaving transmission
When repetitions are used in PUSCH/PDSCH, interleaving transmission among TBs can introduce time diversity. If interleaving transmission among TBs from different HARQ process is adopted, some of the interleaving issues should be further studied, e.g. interleaving pattern, interleaving period, TB transmission order of multiple TBs, etc.
For CE mode A, TBs from different HARQ processes are interleaved transmission with a predefined TB order (e.g., TB0, TB1, …, TB3) without cyclic repetition. Frequency hopping mechanism, RV update, scrambling sequence initialization are the similar as legacy ones. When the interleaving is enabled, the frequency hopping is utilized every frequency hopping interval Ych absolute subframes. Interleaving is performed every valid subframe at least for full PRB. Subframes adopt the same RV is Ntb valid subframes and scrambling sequence is initialized every Ntb valid subframes as shown in Figure 2. Here Ntb is the scheduled TBs number.
[image: ]
Figure 2 Interleaving transmission illustration for CE mode A
Proposal 8: For CE mode A, frequency hopping is utilized every frequency hopping interval Ych absolute subframes , interleaving is performed every valid subframe, and subframes adopt the same RV is Ntb valid subframes and scrambling sequence is initialized every Ntb valid subframes at least for full PRB.
For CE mode B, TBs from different HARQ process are interleaved transmission with cyclic repetition. With RV cyclic repetition, interleaving is performed every Nacc (=4) absolute subframe when mod (SF, Nacc)=0. The RV is changed every Ntb * Nacc absolute subframes when mod (SF, Ntb* Nacc) =0, and each TB spans Nacc(=4) absolute subframe within each Ntb * Nacc absolute subframe circle as shown in Figure 3. Frequency hopping is utilized every frequency hopping interval Ych absolute subframes and scrambling sequence is initialized every Ntb* Nacc absolute subframes.
[image: ]
Figure 3 Interleaving transmission illustration for CE mode B
Proposal 9: For CE mode B, interleaving is performed every Nacc absolute subframe. RV is changed every Ntb* Nacc absolute subframes when mod (SF, Ntb* Nacc) =0, and each TB spans Nacc absolute subframe within each Ntb* Nacc absolute subframe circle.
In order to make the TBs transmission fully interleaved, TB transmission order within Ntb* Nacc absolute subframe circle should be carefully designed. For example, the following case is assumed not a good TB transmission order design. If TB1 and TB2 follow the predefined order {TB1, TB2} and are transmitted every Nacc (= 5, TDD) absolute subframes in turn with same RV, TB 1 is transmitted 8 repetitions while TB 2 is only transmitted 2 repetitions in the first 20 subframes. Finally, TB1 has completed the transmission while TB2 has not. That is because valid/invalid subframe bitmap length and cyclic repetition length Nacc (=5, TDD)/frequency hopping interval Ych (e.g., =10, TDD) are always aligned. 
[image: ]
Figure 4 Interleaving transmission illustration for CE mode B
Proposal 10: For CE mode B, TB transmission order within each Ntb* Nacc absolute subframe circle should be carefully designed.

HARQ ACK/NACK feedback
For the single transport block, the PUCCH resource is derived via MPDCCH location in system bandwidth. For multiple transport blocks, PUCCH resource for ACK/NACK of multiple TBs can reuse the legacy method as well. E.g., the PUCCH resource for the first TB is firstly determined following the legacy method and PUCCH resources for the remaining TBs are derived from the already determined PUCCH resource for the first TB even with PUCCH repetition, e.g., the same PUCCH resources of contiguous available subframes.  PUCCH resources collision can be avoided by eNB scheduling. 
Proposal 11: HARQ ACK/NACK resource can be implicitly derived from MPDCCH location even for scheduling multiple TBs.
Proposal 12: HARQ ACK/NACK resource for the first TB is firstly determined following the legacy method and HARQ ACK/NACK resource for the remaining TBs are derived from the already determined PUCCH resource for the first TB even with PUCCH repetition, e.g., the same PUCCH resources of contiguous available subframes.
For full FDD case, the ACK/NACK timing for a particular TB is derived from later timing of the end of the particular TB transmission plus a minimal timing offset (e.g.,4ms) and timing of end of previous TB ACK/NACK transmission for full duplex FDD (FSS for half-duplex FDD, TDD) as shown in Figure 5. If interleaving ACK/NACK transmission for different TBs is supported, the ACK/NACK timing should further study.
[image: ]
Figure 5 HARQ ACK/NACK feedback illustration for full FDD
For half-duplex FDD case, the contiguous ACK/NACK timing for scheduled TB starts from the end of all TB transmission plus a minimal timing offset (e.g., 4ms), which is similar as ACK/NACK timing of NBIoT.
Proposal 13: For full FDD case, ACK/NACK timing for a particular TB is derived from later timing of the end of the particular TB transmission plus a minimal timing offset (e.g.,4ms) and timing of end of previous TB ACK/NACK transmission.
Proposal 14: For half-duplex FDD case, the contiguous ACK/NACK timing for scheduled TB starts from the end of all TB transmission plus a minimal timing offset (e.g., 4ms).
In the last RAN1 meeting, some companies pointed out that HARQ ACK/NACK bundling is beneficial in terms of resource saving. However, for the ACK/NACK bundling mechanism, if one of the TBs in the bundle fails decoding, all the TBs will be retransmitted regardless whether other TBs are correctly decoded or not. Even for the semi-persist channel in most of IoT scenarios, it is not an efficient way especially for TBs with larger repetition number. Therefore, the maximal HARQ ACK/NACK bundle size should be restricted to [4]. If configured,  and the scheduled TB number is larger than [4], the first ceil(N_TB/2) TB is feedback in the first HARQ ACK/NACK bundle, and the last floor(N_TB/2) is feedback in the second HARQ ACK/NACK bundle,  the division of HARQ ACK/NACK bundle is automatically achieved. 
Proposal 15: For unicast multi-TB scheduling with HARQ-ACK bundling, the maximal bundle size is 4.

Conclusions
In this contribution, considerations of multiple transport block transmission with DCI are provided. The following proposals are given.
Proposal 1: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {2, 4, 8} in a UE specific manner.
Proposal 2: For scheduling multiple TB in unicast, the HARQ processes ID for the scheduled TB are consecutive.
Proposal 3: For the purpose indicating the number of TBs, option 2 of a new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs  is adopted for both CE mode A and B.
Proposal 4: For unicast, when the scheduling with a single DCI includes retransmission(s) in some of the allocated HARQ process(es), option 2 of contiguous allocation of a limited set of HARQ processes is straightforward to reduce the DCI size without losing much scheduling flexibility.
Proposal 5: For scheduling multiple TB in unicast, some predefined HARQ process combination scheduling patterns are supported, especially for TDD
Proposal 6: For Scheduling of initial and retransmission TBs in one DCI, RV is SAME for all TB, the RV is default value or indicated in DCI.
Proposal 7: Cyclic repetition is supported for CE mode B and RV is changed every Nacc absolute subframes when mod (SF, Nacc) =0, and multiple TBs are transmitted in predefined order for non-interleaving transmission.
Proposal 8: For CE mode A, frequency hopping is utilized every frequency hopping interval Ych absolute subframes , interleaving is performed every valid subframe, and subframes adopt the same RV is Ntb valid subframes and scrambling sequence is initialized every Ntb valid subframes at least for full PRB.
Proposal 9: For CE mode B, interleaving is performed every Nacc absolute subframe. RV is changed every Ntb* Nacc absolute subframes when mod (SF, Ntb* Nacc) =0, and each TB spans Nacc absolute subframe within each Ntb* Nacc absolute subframe circle.
Proposal 10: For CE mode B, TB transmission order within each Ntb* Nacc absolute subframe circle should be carefully designed.
Proposal 11: HARQ ACK/NACK resource can be implicitly derived from MPDCCH location even for scheduling multiple TBs.
Proposal 12: HARQ ACK/NACK resource for the first TB is firstly determined following the legacy method and HARQ ACK/NACK resource for the remaining TBs are derived from the already determined PUCCH resource for the first TB even with PUCCH repetition, e.g., the same PUCCH resources of contiguous available subframes.
Proposal 13: For full FDD case, ACK/NACK timing for a particular TB is derived from later timing of the end of the particular TB transmission plus a minimal timing offset (e.g.,4ms) and timing of end of previous TB ACK/NACK transmission
Proposal 14: For half-duplex FDD case, the contiguous ACK/NACK timing for scheduled TB starts from the end of all TB transmission plus a minimal timing offset (e.g., 4ms).
Proposal 15: For unicast multi-TB scheduling with HARQ-ACK bundling, the maximal bundle size is 4.
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