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1 Introduction

With the number of deployed networks and the volume of connected devices undergoing a steady growth, to further improve the network operation and efficiency, the Rel-16 WI on additional MTC enhancements was approved in RAN#80. The WID objective [1] on scheduling enhancement is the following.
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.
This contribution provides initial discussion on multiple TBs (transport blocks) scheduling. 
2 Multiple TBs scheduling for unicast

To reduce control channel traffic load, especially in deep coverage area where eNB needs to perform a large number of MPDCCH repetition, one control information scheduling multiple TBs is an essential method to address this issue for slowly varying scenario. With the assumption of N TBs scheduled by one control information, this solution can save N-1 MPDCCH resources.
2.1 Transmission type
The transmission can be continuous or discontinuous as illustrated in Figures 1-1 and 1-2. Which transmission type is used might depend on the traffic type. For example, the downlink traffic is discontinuous while the traffic is continuous. For the continuous traffic type, as the MTC UE is insensitive to time delay, the transport block can be schedlued discontinuosly. For the continuous type, the timing between MPDCCH and PDSCH/PUSCH is very simple while the physical resource is occupied by one UE for long time. For the discontinuous type, the timing between MPDCCH and PDSCH/PUSCH is different for different transport blocks.

Proposal 1: Consider continuous and discontinuous traffic types for mutiple TBs scheduling.

[image: image17.png]TTi

delay First transmission

MPDCCHO

[ o

MPDCCH1

Second transmission





Figure 1-1 Continuous traffic type
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Figure 1-2 Discontinuous traffic type
2.2 Multiple TBs Retransmission
For MTC, asynchronous HARQ retransmission is supported. For multiple TBs scheduling, there are two potential solutions, i.e. scheduling each TB retransmission independently and scheduling multi-TBs retransmission simultaneously as depicted in Figures 2-1 and 2-2 respectively.
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Figure 2-1
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Figure 2-2
Scheduling each TB retransmission independently means one control information scheduling one TB. The control channel load shall increase compared to one control channel scheduling multiple TBs retransmission. With respect to scheduling multi-TBs retransmission simultaneously, the additional delay of TB transmitted ahead will be introduced.

Which retransmission type shall be adopted is also related to transmission type as discussed in Section 2.1. For discontinuous transmission, there is available time slot to scheduling TB retransmission. But for continuous transmission type, retransmission can only be scheduled after performing all the TBs’s first transmission.
Proposal 2: Retransmission of multiple TBs scheduling is for further study.
2.3 MPDCCH monitoring occasions
In the exiting specification, the starting subframe of MPDCCH UE-specific search space satisfying the condition 
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for UE-specific search space as shown in the following Figure 3.
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Figure 3
As one control information is used for scheduling multiple TBs, UE can skip monitoring next MPDCCH before receiving/transmitting all the transport blocks corresponding to the last MPDCCH. Meaning while, considering the life cycle of MTC UE, power saving is always the goal of enhancement. Thus MPDCCH monitoring occasions can be considered to be reduced to save eNB and UE power consumption.
Proposal 3: MPDCCH monitoring occasions can be considered to be reduced for multiple TBs scheduling. 
2.4 PUCCH resource determination
For the single transport block scheduling, the PUCCH resource is derived via MPDCCH location in system bandwidth. The derived PUCCH resources of different transport blocks can void collision because of orthogonal MPDCCH resource for different transport blocks. If the same solution is reused, the PUCCH resource of one UE’s one TB could collide with that of the others UE’s TB for multiple TBs scheduling.
For the ACK/NACK bundling mechanism, as one of the TBs in the bundle failed decoded will lead to all TBs retransmission which is hardly acceptable for TB with larger repetition number, the bundling mechanism is not recommended for multiple transport block scheduling.
For the SPS, multiple transport blocks also share the same MPDCCH resource. The solution is adopting predefined PUCCH resource with RRC and DCI combined signalling. Thus, the mechanism for SPS can be considered as a starting point for further study.
Proposal 4: PUCCH resource configuration of SPS can be considered as a starting point for multiple TBs scheduling. 
2.5 Multiple TBs timing
For single transport block scheduling, the delay between MPDCCH and DL transmission is 2 BL/CE subframes, and that is 4ms for the offset between DL transmission and ACK/NACK feedback for FDD. The delay between MPDCCH and UL transmission is 4 absolute subframes, and the HARQ retransmission is scheduled via MPDCCH. 
For multiple transport block scheduling, as discussed in Section 2.3, continuous and discontinuous transmission type might apply different timing relationship. Thus, the timing relationship should be for further studied, including timing relationship of MPDCCH and each DL transport block, each DL transport block and ACK/NACK feedback, MPDCCH and each UL transport block.

Proposal 5: The following timing relationship should be studied.
· MPDCCH and each DL transport block 

· each DL transport block and ACK/NACK feedback

· MPDCCH and each UL transport block
3 Multiple TBs scheduling for SC-PTM
3.1 Procedure of current SC-PTM transmission for BL/CE UE
Figure 4 gives the general procedure of SC-PTM for BL/CE UE.
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Figure 4 procedure of SC-PTM for BL/CE UE
In Release 14, the LTE SC-PTM was enhanced adaptively for BL/CE UE. SIB 20 provides the scheduling information required to acquire the MPDCCH related to SC-MCCH and to derive the SC-MCCH transmission information, including repetition period, modification period, duration and starting subframe location. UE will decode blindly MPDCCH with DCI format 6-2 identified by SC-RNTI in Type1A common search space to acquire the configuration of PDSCH corresponding SC-MCCH as specified in Table 1 [2]. After the UE successfully decodes the MPDCCH, it will detect the associated PDSCH scrambled by SC-RNTI to acquire SC-MCCH. 

Table 1: MPDCCH and PDSCH configured by SC-RNTI
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to MPDCCH

	6-2
	Type1A-common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)


After acquiring the scheduling information of MPDCCH corresponding SC-MTCH in SC-MCCH, UE will detect another MPDCCH of DCI format 6-1A or format 6-1B (CRC scrambled by G-RNTI) in the Type 2 2A common search space as specified in Table 2 [2] which used to schedule PDSCH carrying SC-MTCH. After UE successfully decoding the MPDCCH, it will detect the associated PDSCH to acquire SC-MTCH. The SC-MTCH conveys the MBMS traffic for multiple UEs.
Table 2: MPDCCH and PDSCH configured by G-RNTI
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to MPDCCH

	6-1A or 6-1B
	Type2A-common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)


For LTE SC-PTM transmission, the eNB can notify the SC-MCCH update indication. The PDCCH addressed by SC-N-RNTI was transmitted in the subframe where SC-MCCH is transmitted as defined in Table 3 [2]. After UE receiving the notification PDCCH, the UE starts acquiring SC-MCCH from the same subframe where the notification was received. To reducing the monitoring search space to save power consumption and save physical resource allocation notification PDCCH, the notification of SC-MCCH update is achieved via 1 bit in MPDCCH DCI formation 6-2 corresponding SC-MCCH. What’s more, the notification of SC-MTCH was supported via 2 bit in MPDCCH DCI6-1A/B where the LSB in the 2-bit bitmap is set to '1', indicating the change of the on-going MBMS service in next modification period and the MSB in the 2-bit bitmap, is set to '1', indicating the start of new MBMS service(s) in next modification period. 
Table 3: PDCCH configured by SC-N-RNTI
	DCI format
	Search Space

	DCI format 1C
	Common


3.2 Multiple TBs scheduling
The maximum TBS of PDSCH carrying SC-MCCH is limited to be 208bits via limit TBS index value 
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 for DCI Format 6-2 as specified in Table 4 [2]. The SC-MCCH payload is in the range of 145bits to 18560bits where the maximum payload is derived from the SC-MCCH scheduling 128 SC-MTCH simultaneously. Thus, the SC-MCCH may be divided into many TBs and multiple MPDDCH shall be transmitted corresponding to each divided TB. As each transmission of SC-MCCH with multiple TBs will be scheduled before the next repetition period defined by sc-mcch-RepetitionPeriod, it is most likely that the multiple TBs will be transmitted continuously while the SC-MCCH is very large. From the view of transmission type, dynamic scheduling based on MPDCCH is preferable compared to SPS. 
Table 4: Transport Block Size (TBS) table for DCI format 1C and DCI Format 6-2
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	TBS
	40
	56
	72
	120
	136
	144
	176
	208
	224
	256
	280
	296
	328
	336
	392
	488
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	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	TBS
	552
	600
	632
	696
	776
	840
	904
	1000
	1064
	1128
	1224
	1288
	1384
	1480
	1608
	1736


The maximum TBS of PDSCH carrying SC-MCCH is limited to be 1000bits and 4008 bits for 1.4MHz capable UE and 5MHz capable UE respectively. The SC-MTCH shall be divided into multiple TBs based on different MBMS traffic. The SC-PTM mechanism are designed mainly for MTC device software update, public safety, critical communications and rollout of firmware which are transmitted continuously in short duration. If the traffic occurs infrequently, eNB could configure the UE to changes its state to DRX to save power. Therefore, SPS with period scheduling is not suitable for SC-PTM. Dynamic scheduling based on MPDCCH is preferable for SC-PTM.
Observation 1: SPS with period scheduling is not suitable for SC-PTM.
4 Multiple TB scheduling via SPS

To reduce PDCCH overhead, LTE introduce SPS to support periodical VoIP traffic originally. UE receive/transmit data periodically on configured resource within DCI. The activation/deactivation is to support talk spurt and to avoid the fragmentation of the resource.

In Release 13 MTC, SPS is designed adaptively for MTC CEModeA with supporting VoLTE. And SPS is not supported for CEModeB with several concerns [3], including, 

1. Unclear use case of SPS for CE Mode B MTC UE. For downlink, frequent periodic traffic is not expected. For uplink, if the traffic occur infrequently, it could be that the UE changes its state to RRC_IDLE or long DRX to save power. 
2. Large repetition number. Since a large number of repetitions are expected for CEmodeB, periodic traffic with very long inter-arrival times seems somewhat of a corner case that might be optimizing for this case.
From the point of traffic type, MTC support different traffic types, i.e. normal data transmission with little repetition number, VoIP and period traffic with very long period (like ammeter and water meter) and so on. For VoIP, SPS is a typical solution to reduce the DCI overhead. For normal data transmission and period traffic with very long period, dynamic scheduling multiple transport blocks provides full flexibility while reducing the DCI overhead. If multiple transport block scheduling via SPS for normal data transmission and period traffic with very long period is considered, the issue of mismatching between use case and solution as discussed that for CEModeB in R13 still exists.
Observation 2: The traffic in CEModeB mismatches SPS mechanism.
As for the network gain achieved by reducing control channel overhead, it depends on the number of transport blocks scheduled by one control channel. If the number is not large, the gain brought by SPS can be offset by the activation and deactivation MPDCCH as shown in Table 5 while the dynamic scheduling do not need additional activation/deactivation MPDCCH.

Observation 3: The gain of SPS might be offset by the deactivation MPDCCH for small TBs scheduling.

As there is no feedback mechanism of deactivation MPDCCH, UE might miss it without any feedback. To avoid UE performing empty UL transmission persistently because of miss detection of deactivation MPDCCH, implicit release of SPS and UL grant is supported. UE shall perform number of empty transmissions as indicated via RRC signalling if the deactivation signalling is missed. For deep coverage enhancement scenario, each UL transimission will persist large repetition number. It is unacceptable for MTC UE if UE miss detection deactivation siganlling.
Observation 4: Performing number of empty transmissions is unacceptable for MTC UE if missing detection deactivation siganlling. 
Table 5 Important characteristics of dynamic scheduling and SPS

	
	Dynamic
	Semi-persistent

	Scrambling
	C-RNTI
	SPS C-RNTI

	Physical resource
	DCI configured
	DCI for activation

	Traffic type
	Scheduled based
	Periodical

	activation 
	N/A
	MPDCCH identified by SPS C-RNTI

	deactivation
	N/A
	MPDCCH identified by SPS C-RNTI/ implicit release for UL

	PUCCH resource
	Derived via MPDCCH location
	Derived via RRC+DCI

	DL Retransmission
	C-RNTI MPDCCH
	Asynchronization with SPS C-RNTI PDCCH

	UL Retransmission
	C-RNTI MPDCCH
	Synchronization with SPS resource or SPS C-RNTI PDCCH


Based on the observations 1~4, and from the view of consistence for unicast and SC-PTM, dynamic scheduling multiple transport blocks via MPDCCH is expected.
Proposal 6: Support dynamic scheduling multiple transport blocks via MPDCCH for unicast and SC-PTM.
5 Conclusions
In this contribution, some aspects of multiple TBs scheduling are discussed, and the following proposals are given:
Observation 1: SPS with period scheduling is not suitable for SC-PTM.

Observation 2: The traffic in CEModeB mismatches SPS mechanism.
Observation 3: The gain of SPS might be offset by the deactivation MPDCCH for small TBs scheduling.

Observation 4: Performing number of empty transmissions with large repetition number is unacceptable for MTC UE if missing detection deactivation siganlling.
Proposal 1: Consider continuous and discontinuous traffic types for mutiple TBs scheduling.
Proposal 2: Retransmission of multiple TBs scheduling is for further study.
Proposal 3: MPDCCH monitoring occasions can be considered to be reduced for multiple TBs scheduling. 
Proposal 4: PUCCH resource configuration of SPS can be as starting point for multiple TBs scheduling.
Proposal 5: The following timing relationship should be studied.

· MPDCCH and each DL transport block 

· each DL transport block and ACK/NACK feedback

· MPDCCH and each UL transport block
Proposal 6: Support dynamic scheduling multiple transport blocks via MPDCCH for unicast and SC-PTM.
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