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At RAN #80 meeting, a new work item (WI) on Rel-16 MTC enhancements was approved [1]. One objective of the WI is the scheduling enhancement. In particular:
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 RAN1 #98 meeting, the following agreements were made regarding scheduling of multiple DL/UL transport blocks [2]:
	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.

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, we share our views on the remaining design details for scheduling of multiple DL/UL transport blocks in eMTC deployments, including the aspects on scheduling gaps, retransmissions, HARQ feedback and DCI design.

Views on Scheduling Gaps for Multi-TB Transmission
In the previous RAN1 meeting, the working assumptions to support scheduling gaps was confirmed. As pointed out in [3], the main motivation to support scheduling gaps for multiple TBs is a lower latency provided for other DL transmissions (e.g., DL transmissions to non-BL or BL/CE UEs with single-TB scheduling and/or UEs with small number of repetitions) ‘at the expense of a longer delay for the CE mode transmission’. Another potential reason, is a possibility for early termination in case of multi-TB PUSCH transmission coupled with interleaving [3] for HD-FDD UEs. Therefore, it is natural to use the gaps when the number of TB repetitions exceeds a certain threshold only. The value of the threshold, as well as overall enabling of scheduling gaps, is proposed to be a part of RRC configuration of multi-TB, and as such, separately configured for DL and UL. Whether there may be different thresholds for CE mode A and B is FFS. Also, the duration of scheduling gaps as well as gap periodicity is proposed to be configured via RRC, separately for DL and UL.
For the reference point of the scheduling gap periodicity (i.e., starting point of gap period), it is proposed to use the absolute time, e.g., SFN=0, sf=0 for the downlink and relative time for the uplink, e.g., start of PUSCH transmission, respectively.

Proposal 1:
· Introduce a repetition threshold (respectively for DL and UL) so that the scheduling gaps are used when the number of TB repetitions exceeds the threshold
· FFS: Separate thresholds for CE mode A and B.
· The scheduling gaps configured to occur periodically
· The scheduling gaps parameters, e.g., enabling flag, threshold value(s) on numbers of repetitions of PDSCH and PUSCH respectively, gap duration, gap periodicity, etc., are configured via RRC with separate signaling for DL and UL.
· For downlink scheduling gaps, absolute starting point of gap periodicity, e.g., SFN=0, sf=0 is used. 
· For uplink scheduling gaps, the starting point is relative to, e.g., start of PUSCH transmission.

[bookmark: _Ref791007]HARQ-ACK Bundling for CE Mode A
At RAN1#96bis meeting, it was agreed that HARQ-ACK feedback bundling on PUCCH can be enabled or disabled by [RRC and/or DCI] for CE mode A [4]. For that purpose, the HARQ-ACK bundling mechanism in Rel-14 feMTC can be partially reused to minimize the standardization effort. Following the Rel-14 design, the HARQ-ACK bundling can be enabled or disabled by RRC and switched on/off by DCI. However, in Rel-14 feMTC design, the HARQ-ACK bundling is supported only when there is no repetition for MPDCCH. For Rel-16, it’s proposed to support HARQ-ACK bundling for multiple repetitions of MPDCCH/PDSCH but restrict the bundling only for the TBs scheduled with the same single DCI.
The size of HARQ-ACK bundle is one of the remaining details. It is proposed to assume the bundle size is equal to the number of scheduled TBs, and is upper-bounded by max value of four TBs in the bundle. Thus, in case of the UE being scheduled to receive PDSCH for six TBs, the first four TBs and the following two TBs would correspond to the first and second HARQ-ACK bundles respectively. The maximum number of bundled TBs to should be limited in consideration of increasing probability of PDSCH retransmissions with increasing size of the bundle. A similar value as for Rel-14 feMTC (four TBs) would be a reasonable choice in view of typical target operating BLERs and retransmission probabilities for first transmission. This approach would be further beneficial because does not require from the eNB to signal the bundle size. 
Another aspect is the timing relationship between PDSCH and PUCCH in bundling cases. For this, it is proposed to have a fixed delay (e.g. k subframes, where k can be reused from the no-bundling cases) from the last subframe of multi-TB PDSCH to the first subframe of PUCCH carrying the first HARQ-ACK bundle. A second PUCCH resource can be determined with starting subframe that is the next BL/CE UL subframe immediately following the first PUCCH resource and any repetitions.
Another alternative could be to define a fixed delay (e.g. k subframes, where k can be reused from the no-bundling cases) from the last subframe of the first set of (up to four) TBs that have bundled HARQ-ACK scheduled by the multi-TB PDSCH DCI format to the first subframe of corresponding PUCCH resource to transmit the HARQ-ACK bundle. The PUCCH resources for the second bundle is determined with starting subframe that is the next BL/CE UL subframe immediately following the first PUCCH and any of its repetitions.
In this case the signalling of HARQ ACK delay in DCI is not needed.
For CE mode B, the transmission in general requires a large number of repetitions. For HARQ-ACK bundling, the failure in reception of one TB would result in retransmission of all TBs in the corresponding bundle, which would be quite inefficient in terms of resource utilization and UE power consumption. Therefore, it is preferred not to support HARQ-ACK bundling for CE mode B. 

Proposal 2:
· For HARQ-ACK bundling in CE mode A:
· Following Rel-14 feMTC HARQ-ACK bundling design, the HARQ-ACK bundling can be enabled or disabled by RRC and switched on/off by DCI.
· Support HARQ-ACK bundling for multiple repetitions of MPDCCH/PDSCH but restrict the bundling only to the TBs scheduled with the same single DCI.
· The bundle size is equal to the number of scheduled TBs signaled in multi-TB DCI but upper-bounded by four TBs in the bundle.
· In case of scheduling with more than four TBs, a first HARQ-ACK bundle corresponds to the first set of four TBs, and a second HARQ-ACK bundle corresponds to the remaining (up to four) TBs.
· There is a fixed delay of k subframes from the last subframe of multi-TB PDSCH to the 1st subframe of PUCCH with HARQ feedback
· The value of k=4 is reused from the no-bundling case
· The rest HARQ-ACK bundling design is reused from Rel-14 feMTC.
·  For CE mode B, HARQ-ACK bundling is not supported. 

[bookmark: _Ref787211][bookmark: _Ref16247490]DCI Considerations
Once UE is configured with scheduling of multiple DL/UL TBs for data transmission, it monitors the corresponding DCI in the USS. Scheduling of multiple DL/UL TBs requires additional transmission parameters, and thus a new DCI format with a larger size seems to be needed.

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.

It was agreed in RAN1#94 that ‘the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI’. Therefore, it’s proposed to include the number of scheduled TBs in the DCI. In addition, it was confirmed at the last RAN1 meeting that the scheduling of initial transmission for some TBs and retransmissions for other TBs by a single DCI is supported. To enable HARQ operation for multiple scheduled TBs the following parameters should be signaled:
· HARQ process ID (PID);
· New Data Indicator (NDI);
· Initial Redundancy Version (RV).
However, independent encoding of these parameters per each scheduled TB would require significant amount of bits. Therefore, some optimizations to keep the DCI size as small as possible are proposed below.
Let  denotes the maximal number of TBs (initial or retransmitted) which can be scheduled simultaneously using the same single DCI, and ,  denotes the actual number of scheduled TBs. For each scheduled TB, there is a unique HARQ process allocated which can be in one of 8 states defined by total 3 bits (1 NDI plus 2 RV bits). The number of states  corresponding to maximal  scheduled HARQ processes can be calculated as follows:
,	(1)
where  is the maximal number of available HARQ processes (e.g., 8 or 10 for FDD and 16 for TDD),  is the number of -combinations from  HARQ processes. The joint coding of these  states requires  bits, thus, resulting in  additional bits increase in the DCI size where  is given as follows:
[bookmark: NumAddBitsGeneral].	(2)
In (2), it is taken into account that  additional bits together with repurposed  HARQ PID bits, 2 RV and 1 NDI bits are used for the joint encoding. For  totally available HARQ process, there are  bits additionally required to schedule up to  TBs with full scheduling flexibility (as can be seen in Figure 1, blue curve). This increase is significant, however, even for  TBs the increase is large ( bits) [5].
[image: ] 
[bookmark: _Ref16671530]Figure 1. Number of additional required bits for different max number of scheduled TBs .

To further reduce the required number of additional bits in scheduling DCI, let’s adopt an approach described in [6], which includes the number of PDSCH/PUSCH repetitions  ( is the number of bits to encode repetition values) in the joint encoding procedure with the following assumptions on RVs:
Table 1. Number of RVs depending on the number of PDSCH repetitions
	DCI field jointly encoded with Repetition Number
	Repetition Number = 1
	Repetition Number = 2
	Repetition Number >= 4

	RV Index
	4 possible values
	2 possible values
	Not Signalled



As also explained in [6], the number of states  in this case is modified as follows:
.	(3)
The number of additional bits  is the following:
.	(4)
Thus for  and , the additional number of bits is  and, respectively, which is still high (see Figure 1, green curve).
It is also possible to reduce 1 bit from the required number of additional DCI bits. In particular, the frequency hopping (FH) indication (exactly 1 bit) can be included into the DCI joint encoding procedure. In this case, the FH is signaled only when the number of PDSCH/PUSCH repetitions is greater than one. This modifies the number of additional bits  as follows:
[bookmark: NumAddBitsFH].	(5)
From (5) and Figure 1 (red curve) it can be seen that for  only  additional bits are required for scheduling DCI while  and additional bits are required for  and , respectively.

Observation 1:
· Joint encoding of HARQ PID, NDI, RV, #of PDSCH/PUSCH repetitions and #of scheduled TBs, FH flag allows  additional DCI bits for maximum number of scheduled TBs .

Further reduction of the number of additional bits assumes grouping of HARQ processes available for scheduling and restricting  for mixed initial transmission and retransmission scheduling. In particular, it’s proposed to split all HARQ processes into groups with consecutive HARQ PIDs where the size of the HARQ group is equal to . Examples of HARQ process grouping are provided in Figure 2. The eNB still has flexibility to schedule any combination of HARQ processes within a group. Also, HARQ process group indication is assumed in DCI.



	(a)  HARQ processes	(b)  HARQ processes



(c)  HARQ processes
[bookmark: _Ref16672714]Figure 2. Examples of HARQ process grouping

In this approach, the number of additional bits  is given as follows:
[bookmark: NumAddBitsHARQProcGrouping],	(6)
where substituting  gives  for . In (6), it’s also taken into account the number of bits required for HARQ process group indication: .
Finally, in accordance with the agreement that the maximal number of TBs scheduled by the same single DCI is 8, it’s proposed to increase the number of additional bits to make it  and include into the jointly encoded states the case of  but only for initial transmission, i.e., when initial RV 0 is always assumed. For example, in case of , the scheduling of all initial  TBs will require  states (initial RV 0 is always assumed in this case) which still can be accounted with  additional DCI bits.

Observation 2:
· The number of additional DCI bits  allows mixed scheduling of up to  TBs and  for initial transmission with grouped HARQ PIDs.

Based on the discussion above, the following proposal can be made:

Proposal 4:
· Jointly encode HARQ process ID, NDI, RV, FH, the number of scheduled TBs and the number of PDSCH/PUSCH repetitions.
· Apply the following restrictions onto the RV:
· 4 RVs in case of the number of PDSCH repetitions is 1;
· 2 RVs in case of the number of PDSCH repetitions is 2;
· RV is not signalled in case of the number of PDSCH repetitions is greater than 4.
· Restrict the maximal number of scheduled TBs to N=4 for the case of mixed scheduling of initial transmissions and retransmissions.
· Apply grouping of HARQ processes with consecutive HARQ PIDs.
· Include in the jointly encoded states the case of n=8 scheduled TBs with contiguous HARQ PID allocation but only for initial transmission assuming starting RV 0.

It’s acknowledged that the proposed solution lacks scheduling flexibility in terms of allocated HARQ PIDs and the number of TBs, e.g., due to HARQ PID grouping, max number of 4 TBs for mixed scheduling, and 8 TBs only for initial transmission. Therefore, it’s proposed to consider RRC signaling (separately for DL and UL) to configure the max number of scheduled TBs between two values {2, 8} and the DCI interpretations and/or size may vary with the maximum number of scheduled TBs. According to Observation 1, for max number of 2 TBs scheduled, it is possible to provide a very compact DCI design (only 3 additional bits) with the similar scheduling flexibility as in case of single TB scheduling except for starting RV and FH for different number of TB repetitions which is acceptable. When the max number of 8 TBs is configured via RRC, the UE monitors for the proposed DCI design with  additional bits according to Observation 2.

Proposal 5:
· Consider RRC signalling to configure the max number of TBs scheduled with a single DCI by a value from the set {2, 8}.
· [bookmark: _GoBack]The signaling is separately provided for DL and UL

LTE eMTC Features Configurable Together with Multi-TB Transmission
Among the Rel-14 and Rel-15 features listed in agreements from RAN1 #96bis [4], it seems that the support of Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A is not needed. Instead, as discussed in Section 3 for single DCI scheduling multiple TBs it’s proposed to always assume a fixed delay between the last PDSCH subframe and the 1st PUCCH subframe. All other features from the list can be configured and/or used in combination with scheduling of multiple TBs. The last feature, i.e., Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B, should be applicable to all processes scheduled by a single DCI.

Proposal 6:
· Do not support Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A together with scheduling of multiple TBs.

Conclusion
In this contribution, we discuss the design for the support of scheduling of multiple UL/DL TBs for eMTC. Based on the discussions, we make the following observations and proposals:
Proposal 1:
· Introduce a repetition threshold (respectively for DL and UL) so that the scheduling gaps are used when the number of TB repetitions exceeds the threshold
· FFS: Separate thresholds for CE mode A and B.
· The scheduling gaps configured to occur periodically
· The scheduling gaps parameters, e.g., enabling flag, threshold value(s) on numbers of repetitions of PDSCH and PUSCH respectively, gap duration, gap periodicity, etc., are configured via RRC with separate signaling for DL and UL.
· For downlink scheduling gaps, absolute starting point of gap periodicity, e.g., SFN=0, sf=0 is used. 
· For uplink scheduling gaps, the starting point is relative to, e.g., start of PUSCH transmission.

Proposal 2:
· For HARQ-ACK bundling in CE mode A:
· Following Rel-14 feMTC HARQ-ACK bundling design, the HARQ-ACK bundling can be enabled or disabled by RRC and switched on/off by DCI.
· Support HARQ-ACK bundling for multiple repetitions of MPDCCH/PDSCH but restrict the bundling only to the TBs scheduled with the same single DCI.
· The bundle size is equal to the number of scheduled TBs signaled in multi-TB DCI but upper-bounded by four TBs in the bundle.
· In case of scheduling with more than four TBs, a first HARQ-ACK bundle corresponds to the first set of four TBs, and a second HARQ-ACK bundle corresponds to the remaining (up to four) TBs.
· There is a fixed delay of k subframes from the last subframe of multi-TB PDSCH to the 1st subframe of PUCCH with HARQ feedback
· The value of k=4 is reused from the no-bundling case
· The rest HARQ-ACK bundling design is reused from Rel-14 feMTC.
·  For CE mode B, HARQ-ACK bundling is not supported. 

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:
· Jointly encode HARQ process ID, NDI, RV, FH, the number of scheduled TBs and the number of PDSCH/PUSCH repetitions.
· Apply the following restrictions onto the RV:
· 4 RVs in case of the number of PDSCH repetitions is 1;
· 2 RVs in case of the number of PDSCH repetitions is 2;
· RV is not signalled in case of the number of PDSCH repetitions is greater than 4.
· Restrict the maximal number of scheduled TBs to N=4 for the case of mixed scheduling of initial transmissions and retransmissions.
· Apply grouping of HARQ processes with consecutive HARQ PIDs.
· Include in the jointly encoded states the case of n=8 scheduled TBs with contiguous HARQ PID allocation but only for initial transmission assuming starting RV 0.

Proposal 5:
· Consider RRC signalling to configure the max number of TBs scheduled with a single DCI by a value from the set {2, 8}.

Proposal 6:
· Do not support Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A together with scheduling of multiple TBs.
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