[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #95	Tdoc R1- 1812121
Spokane, USA, November 12th – 16th, 2018

Agenda Item:	6.2.1.3
Source:	Ericsson
Title:	Scheduling of multiple DL/UL transport blocks in LTE-MTC
Document for:	Discussion and Decision

1	Introduction
In the Work Item (WI) for Rel-16 MTC enhancements for LTE, one of the objectives is scheduling enhancements [1]:
[image: ]
In RAN1 #94 the following agreement was made with respect to Scheduling of multiple DL/UL transport blocks:
Agreement
Specify scheduling of multiple transport blocks for both CE Mode A and B
Agreement
The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
Agreement
When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].
The number of blind decodes for MPDCCH is not increased as a result of scheduling multiple TBs
Conclusion
When multiple TBs are scheduled by one DCI, study interleaving amongst TBs from different HARQ process in cases of repetitions
· Companies are encouraged to submit evaluation results in the next RAN1 meeting

Agreement
One DCI to schedule multiple TBs for SC-MCCH is not supported
Working assumption
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
In RAN1#94bis, the following agreements were made:
Agreement
Confirm the working assumption that
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 

Agreement
[bookmark: _Hlk528830882]For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.

Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]

Working Assumption
[bookmark: _Hlk528831337]For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.

Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4 (working assumption)

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

Agreement
The UE should only monitor one DCI size in the UE specific search space

For further consideration:
Optimization of the DCI size and the impact of aspects including number of transport blocks, scheduling pattern (interleaving and scheduling gap), resource assignment, modulation and coding scheme, retransmissions.

Agreement
Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. FFS the maximum number of TBs can be scheduled by one DCI.

Agreement
For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI. If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback, i.e., no HARQ ACK/NACK feedback bundling or multiplexing. 
· RAN1 further compare the performance between HARQ ACK/NACK feedback bundling and multiplexing and down-select between the two options. 
For CE mode B, further study if there is a benefit for HARQ ACK/NACK feedback bundling or multiplexing on PUCCH. If there is a benefit identified, same configuration principle as CE mode A can be applied, i.e., this feature can be enabled or disabled by [RRC and/or DCI]. 

In this contribution, further discussions are provided on the topic.
[bookmark: _Ref178064866]2	Unicast
2.1	Maximum number of transport blocks
It was observed in [2] that he approach of segmenting data into smaller transport blocks that requires less repetitions, and relying more on HARQ retransmissions, suffers from a reduced duty cycle with moderate number of repetitions, due to the timing constraints in half-duplex operation. If multiple transport blocks can be scheduled with a single DCI, the throughput may thus be improved in poor coverage due to the increased number of subframes that can be used for PDSCH/PUSCH transmissions with one scheduling cycle
Although the throughput gain increases with increased number of scheduled transport blocks, also the size of the DCI is increased. As an example, with a maximum of 8 transport blocks 3 bits are required for addressing each individual TB but with a maximum of 4 transport blocks only 2 bits are required. Furthermore, the handling of HARQ retransmissions is impacted with increased number transport blocks, and it is not obvious that the highest number of transport blocks leads to the overall best system performance.
[bookmark: _Toc528930834]The maximum number of supported transport blocks has a significant impact on the size of the DCI and the handling of retransmissions. 
[bookmark: _Toc528930836]For CE mode A, the maximum number of scheduled transport blocks with one single DCI is not decided until further analysis of the impact on the DCI size and retransmissions is performed. Consider at least both 4 and 8 as the maximum number for transport blocks in the analysis.
[bookmark: _Toc528930837]CE mode B, confirm the Working Assumption that the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.
2.2	HARQ ACK/NAK feedback
The current agreement is that if the network does not enable feedback bundling or multiplexing, each TB has its own separately encoded HARQ ACK/NACK feedback, i.e., no HARQ ACK/NACK feedback bundling or multiplexing.
To limit the size of the DCI, it is proposed that the enablement of HARQ ACK/NACK feedback bundling or multiplexing on PUCCH is performed via RRC.
[bookmark: _Toc528930838]Enablement of HARQ ACK/NACK feedback bundling or multiplexing on PUCCH is performed via RRC.
2.2	Interleaving and scheduling gaps
The individual transport blocks can either be sent back to back in sequential order or in an interleaved fashion, potentially also with scheduling gaps [3].
A benefit from interleaving and scheduling gaps is time diversity gains but considering that diversity gains also can be accomplished via HARQ retransmissions, it is proposed that the repetitions of the transport blocks are sequentially transmitted.
[bookmark: _Toc528930839]Interleaving of multiple transport blocks or scheduling gaps are not supported when the transport blocks are scheduled by the same DCI.
2.3 	HARQ retransmissions
For HARQ retransmission, it is required that the same TB size must be used for the retransmission as the initial transmission, otherwise it is not possible for the UE to combine the retransmission with the initial transmission. However, the MCS and number of repetitions can be different. As discussed before, it is preferable to keep the DCI size minimum. Hence, if we would like to also support using one DCI to schedule multiple TBs, and one of the TBs is for retransmission of one HARQ process while the other TBs are used for initial transmission of the other HARQ process, there is a trade-off between flexibility and DCI overhead. If we allow full flexibility, then the DCI needs to potentially indicate different TB sizes, MCSs, and possibility numbers of repetitions. This would result in a significant increasing of the DCI size, which decrease the DCI reliability. 
[bookmark: _Toc528589188][bookmark: _Toc528930835]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.  
It is better to keep the DCI size minimum, as increasing the DCI size significantly decrease the decoding reliability, especially for UEs in bad coverage. It is better to keep as many common parameters as possible for the TBs scheduled by the same DCI. By examining Table 3 and Table 4, we notice that if the DCI is used for both initial and retransmission, the NDI field needs to be extended, and we can keep the other filed the same for all TBs. 
This certainly has a limitation that the initial transmission of a HARQ process is required to have the same setting as the retransmission of another HARQ process that is scheduled by the same DCI. Therefore, considering the trade-off between flexibility and DCI size overhead, it should be also possible to schedule only the retransmission by using a single DCI, which has the same size as the one that schedules more than one TBs.     
[bookmark: _Toc528589199][bookmark: _Toc528930840]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. 
2.5	DCI design
An overview of Rel-14/15 features with DCI impact is presented in Table 1 and Table 2. When designing the DCI, the possibility of configuring scheduling of multiple DL-UL transport blocks together with existing LTE-M features should be considered.
[bookmark: _Toc528930841]Further consider which Rel-14/15 features that should be possible to configure together with scheduling of multiple DL-UL transport blocks.

[bookmark: _Ref528832228]Table 1: Rel-14 features with DCI impact
	ce-HARQ-AckBundling
Indicates whether the UE supports HARQ-ACK bundling in half duplex FDD in CE mode A, as specified in TS 36.212 [22] and TS 36.213 [23].

	ce-PDSCH-PUSCH-Enhancement
Indicates whether the UE supports new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A as specified in TS 36.212 [22] and TS 36.213 [23].

	ce-PDSCH-PUSCH-MaxBandwidth
Indicates the maximum supported PDSCH/PUSCH channel bandwidth in CE mode A and B, as specified in TS 36.212 [22] and TS 36.213 [23]. Value bw5 corresponds to 5 MHz and value bw20 corresponds to 20 MHz. If the field is absent the maximum PDSCH/PUSCH channel bandwidth in CE mode A and B is 1.4 MHz. If the setting of this parameter is 20 MHz, the max supported PUSCH channel bandwidth in CE mode A is 5 MHz. The maximum PUSCH channel bandwidth in CE mode B is 1.4 MHz regardless of the setting of this parameter. Parameter: transmission bandwidth configuration, see TS 36.101 [42, table 5.6-1].

	ce-PDSCH-TenProcesses
Indicates whether the UE supports 10 DL HARQ processes in FDD in CE mode A.

	ce-PUSCH-NB-MaxTBS
Indicates whether the UE supports 2984 bits max UL TBS in 1.4 MHz in CE mode A operation, as specified in TS 36.212 [22] and TS 36.213 [23].

	ce-SchedulingEnhancement
Indicates whether the UE supports dynamic HARQ-ACK delay for HD-FDD in CE mode A as specified in TS 36.212 [22] and TS 36.213 [23].



[bookmark: _Ref528832230]Table 2: Rel-15 features with DCI impact
	ce-PDSCH-64QAM
Indicates whether the UE supports 64QAM for non-repeated unicast PDSCH in CE mode A.

	ce-PDSCH-FlexibleStartPRB-CE-ModeA, ce-PDSCH-FlexibleStartPRB-CE-ModeB,
ce-PUSCH-FlexibleStartPRB-CE-ModeA, ce-PUSCH-FlexibleStartPRB-CE-ModeB
This field indicates whether UE supports flexible starting PRB for PDSCH/PUSCH when operating in coverage enhancement mode A/B, as specified in TS 36.211 [21] and TS 36.213 [22].

	ce-PUSCH-SubPRB-Allocation
Indicates whether the UE supports sub-PRB resource allocation for PUSCH in CE mode A or B, as specified in TS 36.211 [21], TS 36.212 [22] and TS 36.213 [23].

	ce-UL-HARQ-ACK-Feedback
This field indicates whether UE supports uplink HARQ ACK feedback when operating in coverage enhancement, as specified in TS36.213 [22].



Table 3 and Table 4 presents an overview of the DCI fields in format 6-1A and format 6-0A, respectively, and an initial evaluation of which fields that are affected by scheduling multiple transport blocks in one common DCI. The fields that mainly are affected by the allocation of several transport blocks can be divided into three groups:
· HARQ process number and the new data indicator (NDI) related to the HARQ processes
· Resource assignment (scheduling interaction between different UEs)
· MCS, repetition numbers, and redundancy version (only affecting a single UE)
For these fields, a combination of dynamic indication and semi-static configuration may be considered to limit the impact on the size of the DCI while at the same time obtaining sufficient scheduling enhancements. 
[bookmark: _Ref521514743]Table 3: 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 value for all TBs

	Frequency-hopping flag
	1
	Same value for all TBs

	Resource assignment
	5-9
	Same value for all [initial transmissions] TBs

	Number of PDSCH repetitions
	2
	Same value for all [initial transmissions] TBs

	HARQ process number
	3 (FDD) or 4 (TDD) 
	Needs modification via a combination of dynamic and semi-static configuration. 

	MCS
	4
	Same value for all [initial transmissions] TBs

	RV
	2
	Same value for all [initial transmissions] TBs

	NDI
	1
	Modified. One NDI bit for each HARQ process

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

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

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

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

	PUCCH power control
	2
	Same value for all TBs

	SRS request
	1
	Same value for all TBs

	Ack/Nack offset
	2
	Same value for all TBs

	Number of MPDCCH repetitions
	2
	Same value for all TBs




[bookmark: _Ref521514792]Table 4: Initial evaluation of impacted fields in DCI format 6-0A
	DCI field
	Number of bits in legacy DCI format 6-0A
	Interpretation when multiple transport blocks enabled via RRC

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

	Frequency-hopping flag
	1
	Same value for all TBs

	Resource assignment
	5 to 9
	Same value for all [initial transmissions] TBs

	MCS
	4
	Same value for all [initial transmissions] TBs

	Repetition number
	2
	Same value for all [initial transmissions] TBs

	HARQ process number
	3
	Needs modification via a combination of dynamic and semi-static configuration.

	NDI
	1
	Modified. One NDI bit for each HARQ process

	RV
	2
	Same value for all [initial transmissions] TBs

	TPC command
	2
	Same value for all TBs

	Downlink Assignment Index (TDD-specific)
	2
	Same value for all TBs

	UL index (TDD-specific)
	2
	

	CSI request
	1
	Same value for all TBs

	SRS request
	1
	Same value for all TBs

	DCI subframe repetition number
	2
	Same value for all TBs



3	Multicast
For SC-PTM, in RAN1#94bis it is agreed that “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.” Therefore, the next step in RAN1 is to decide how many TBs can be scheduled at the same time for SC-MTCH. 
Certainly, there is a trade-off between the number of SC-MTCH TBs can be scheduled simultaneously, and the MPDCCH overhead. Considering the facts that the current SC-MTCH DCI is much smaller than the unicast DCI, we should be able to introduce more bits in the DCI to indicate the number of scheduled SC-MTCH segments. Moreover, considering the scheduling flexibility, to schedule a single segment should be supported. 
[bookmark: _Toc528589200][bookmark: _Toc528930842]Introducing 2 more bits in the DCI to indicate the number of scheduled SC-MTCH segments as 1, 2, 4, 8. 
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The maximum number of supported transport blocks has a significant impact on the size of the DCI and the handling of retransmissions.
Observation 2	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.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For CE mode A, the maximum number of scheduled transport blocks with one single DCI is not decided until further analysis of the impact on the DCI size and retransmissions is performed. Consider at least both 4 and 8 as the maximum number for transport blocks in the analysis.
Proposal 2	CE mode B, confirm the Working Assumption that the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.
Proposal 3	Enablement of HARQ ACK/NACK feedback bundling or multiplexing on PUCCH is performed via RRC.
Proposal 4	Interleaving of multiple transport blocks or scheduling gaps are not supported when the transport blocks are scheduled by the same DCI.
Proposal 5	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 6	Further consider which Rel-14/15 features that should be possible to configure together with scheduling of multiple DL-UL transport blocks.
Proposal 7	Introducing 2 more bits in the DCI to indicate the number of scheduled SC-MTCH segments as 1, 2, 4, 8.
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Scheduling enhancement:      Specify scheduling multiple DL/UL transport blocks  with or without DCI  for  SC - PTM and  unicast   [RAN1,  RAN2]   o   Enhancement of SPS can be discussed.  


