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1 Introduction
In RAN#80, a new work item on MTC enhancements was approved (RP-181450) with the following objective:

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 this contribution, we present our initial views on how to achieve power/spectral efficiency gains by scheduling enhancements.

2 Use cases

The main advantage of scheduling multiple UL/DL transport blocks with a single or no DCI resides mainly on the reduced overhead of MPDCCH, releasing subframes to be used for data that would have otherwise been used for control.
In the following, we present the main use cases we propose to be studied during this work item.

Multiple DL TBs
A first use case for scheduling for reducing control overhead is scheduling of multiple TBs in DL, as shown in Figure 1. A single MPDCCH can schedule multiple TBs, reducing the control overhead of MPDCCH.
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Figure 1 Example of scheduling multiple TBs in DL

The main use case of scheduling multiple DL TBs is to empty the DL data buffer in the most efficient way (i.e., by minimizing the control overhead). For example, if the eNB has 6000 bits of data to be transmitted to the UE, it can schedule 6 consecutive TBs with 1000 bits each without the need to use multiple MPDCCH. 
Multiple UL TBs

Similar to the case of multiple DL TBSs, scheduling of multiple UL TBSs from a single MPDCCH reduces the MPDCCH overhead and can help increase uplink throughput. An example of this sort of operation in shown in Figure 2
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Figure 2 Example of scheduling multiple TBs in UL

The main use case for this technique is when the UE has a large number of bits in its buffer and is not able to transmit all of it in a single PUSCH. For example, if the UE reports a buffer status of 6000 bits, then the eNB can schedule 6 HARQ processes with a TBS of 1000 to convey all the information.
Multiple SC-PTM TBs

The main use case for SC-PTM is to provide software/firmware update to a group of UEs. In general, it should be possible for the eNB/network to know the size of the file to be downloaded, thus enabling a-priori scheduling of the data with reduced control information.

One of the possible solutions is to allow SIB and/or SC-MCCH may schedule directly the PDSCH corresponding to SC-MCCH/SC-MTCH. Another alternative is to follow a similar approach as the case of DL unicast scheduling, i.e., allow for MPDCCH scheduling multiple PDSCH. In Figure 3 we depict these two alternatives of operation. Note that, unlike unicast PDSCH, SC-PTM does not require PUCCH transmission for HARQ-ACK.
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Figure 3 Examples for optimized scheduling in SC-PTM
VoLTE
During the enhancements in Rel-14 for VoLTE, it was clear that one of the keys to achieve the largest possible coverage is to maximize the amount of time the UE is transmitting or receiving data (i.e., excluding half duplex gaps and/or MPDCCH). Despite the optimizations introduced in Rel-14, current operation still needs two MPDCCHs for UL/DL in a frame in which UL and DL voice packet are exchanged. This overhead can be reduced by allowing for MPDCCH that schedules at least a pair of one UL and one DL transport block.
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Figure 4 Example for optimized VoLTE scheduling
Table 1 summarizes the different use cases and necessary techniques to enable them.
Table 1 Summary of use cases

	
	Multiple DL TBS
	Multiple UL TBS
	SC-PTM
	VoLTE

	Target
	Increase DL throughput
	Increase UL throughput
	Increase DL throughput
	Increase coverage

	Technique
	MPDCCH ( Multiple PDSCH
	MPDCCH ( Multiple PUSCH
	SIB ( Multiple PDSCH or MPDCCH ( Multiple PDSCH
	MPDCCH(PDSCH+PUSCH

	Knowledge at eNB needed to enable this technique
	Size of DL data to be sent
	Buffer status report from UE
	Size of software/SC-PTM info to be downloaded.
	UL/DL TBS (or equivalently, codec/ROHC/etc).


Proposal 1: Define scheduling enhancements for the following cases:

- Multiple DL TBS from single MPDCCH.


- Multiple UL TBS from single MPDCCH.


- Multiple SC-PTM DL TBS from single MPDCCH/no MPDCCH.


- One DL + One UL TBS from single MPDCCH (targeting VoLTE).
3 Techniques to study
Interaction with HARQ bundling

For the case of “multiple DL TBs” the UE must send PUCCH with HARQ-ACK in the uplink after receiving the series of TBs. This operation resembles the HARQ-ACK bundling introduced in Rel-14, where a single PUCCH collects all the HARQ-ACKs for a set of TBs. Thus, when introducing the techniques related to scheduling of multiple TBs, we should also consider the connection of these techniques with HARQ-ACK bundling (or, in general, study how to convey HARQ-ACK information under this scheduling enhancement)
Proposal 2: Study interaction of “Multiple DL TBS from single MPDCCH” with HARQ bundling.
TB interlacing
In the previous examples (e.g. Figures 1-3), the transmission of TBs is depicted as “consecutive”, i.e., the transmission of TB_3 is after TB_2 was completed, and so on. This scheme, however, may not be optimal in terms of performance (e.g. due to lack of time diversity). In Figure 5 we show the difference between consecutive and interlaced PUSCH transmission.
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Figure 5 Consecutive (Alt1) vs interlaced (Alt2) PUSCH transmission.
One of the major cases in which the interlacing gain is clearer is when comparing VoLTE performance in full duplex CE mode (or legacy TTI bundling) and in CE mode half duplex. In Figure 6 we show the achievable SNR for PUSCH (for 1PRB, 2Rx eNB, ETU5 channel, BLER of 2%) under different cases. The details of each of the points can be found in the appendix, but in general each of the dots is represented by 4 numbers “(A),BR,CH,DTx” where:
· A is the reference to the row in the table in the appendix

· B is the number of repetitions in each sub-transmission (e.g., R=4 in Alt1 in Figure 5, R=2 in Alt2 in Figure 5)
· C is the number of HARQ processes. (e.g., for Alt1 in Figure 5 we need 2 HARQ processes; for Alt2, we need 4 HARQ processes).
· D is the total number of transmissions (of the set of B repetitions). For Alt1 it is 1, for Alt2 it is 2.
In general, we see that increasing the number of HARQ processes also increases the delay experienced by a packet, but this allows to achieve a higher time diversity – and thus a better performance. A typical configuration for VoLTE in eMTC is illustrated as (5)32R,2H,1Tx, where a single transmission of 32 repetitions is performed – due to half duplex constraint. We can see that an increase of 3dB can be achieved by moving to an alternative scheme where two TBs are interlaced (thus four VoLTE packets) under configuration (9)8R,2H,5Tx. If we further increase the delay of the communication, configuration (11)8R,5H,5Tx achieves a 5dB gain with respect to (5)32R,2H,1Tx at the expense of largely increasing the delay (e.g., around 3.6 times higher). These three schemes are compared in Figure 7
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Figure 6 Achievable SNR vs delay for different cases of (#repetitions, #HARQ processes, #transmissions)
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Figure 7 Comparison of schemes 5, 9 and 11.

Although the example above was targeting VoLTE use cases, in general this is applicable to any transport block that we want to send over the air. For applications that are not delay-sensitive, it is shown that relaxing the delay and allowing for HARQ interlacing greatly enhances the performance. Thus, we propose to study interlacing techniques for the aforementioned use cases.
Observation 1: Interlacing multiple delay-tolerant transport blocks (in DL or UL) with multiple HARQ processes provides substantial SNR gain due to time diversity.
Proposal 3: Study the interlacing of TBs to achieve time diversity.
Aspects of MPDCCH/DCI design

For the introduction of the four use cases mentioned above, it is expected that changes to DCI are needed. These changes, however, should not increase the UE complexity in terms of MPDCCH blind decodes, given that MPDCCH decoding is one of the key factors that drives the complexity envelope of the UE. 
Proposal 4: The introduction of scheduling enhancements shall not increase the UE complexity in terms of MPDCCH blind decodes.

One of the main advantages introduced by the use cases mentioned in Section 1 is that the MPDCCH overhead is reduced. Introducing many new DCI fields requires a larger DCI size, which, would increase the number of repetitions needed to reliably decode the control channel. Therefore, it is desirable to study what parameters can be common across multiple TBs to minimize the DCI size. 
Proposal 5: Study what parameters can be common across multiple TBs to minimize the DCI size.

For the case of VoLTE, the transport block sizes are fixed depending on the codec/ROHC/etc, so the eNB should be able to configure a set of possible values (e.g. voice frame, SID, 2xvoice frame, etc) via RRC signaling, and the DCI could just point to one of these cases, and schedule the corresponding set of UL/DL TBS. In this way, the overhead of DCI is reduced, which enables compact scheduling.
Proposal 6: For the case of VoLTE, the TBS candidates (or candidate sets of UL/DL TBSs) can be configured by RRC, and the DCI only includes a pointer to one of the candidates.
4 Summary

In this contribution we presented our initial views on scheduling of multiple UL-DL transport blocks. The following observations and proposals are made:
Proposal 1: Define scheduling enhancements for the following cases:


- Multiple DL TBS from single MPDCCH.


- Multiple UL TBS from single MPDCCH.


- Multiple SC-PTM DL TBS from single MPDCCH/no MPDCCH.


- One DL + One UL TBS from single MPDCCH (targeting VoLTE).

Proposal 2: Study interaction of “Multiple DL TBS from single MPDCCH” with HARQ bundling.

Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides substantial gain due to time diversity.

Proposal 3: Study the interlacing of TBs to achieve time diversity.

Proposal 4: The introduction of scheduling enhancements shall not increase the UE complexity in terms of MPDCCH blind decodes.

Proposal 5: Study what parameters can be common across multiple TBs to minimize the DCI size.
Proposal 6: For the case of VoLTE, the TBS candidates (or candidate sets of UL/DL TBSs) can be configured by RRC, and the DCI only includes a pointer to one of the candidates.
Appendix: Details of results in Figure 6
Table 2 Detailed results from Figure 5

	Index
	TBS
	Number of Repetitions
	Number of HARQ Processes
	Number of Transmissions
	Delay (ms)
	SNR (@ 2% BLER/1PRB)
	MCL (dB)

	1
	208
	16
	2
	1
	16
	-2
	141.4

	2
	208
	4
	2
	5
	36
	-4
	143.4

	3
	208
	4
	4
	5
	68
	-5.3
	144.7

	4
	208
	4
	5
	5
	84
	-6.1
	145.5

	5
	408
	32
	2
	1
	32
	-3.05
	142.45

	6
	408
	4
	2
	10
	76
	-6.1
	145.5

	7
	408
	4
	4
	10
	148
	-8
	147.4

	8
	408
	4
	5
	10
	184
	-8.3
	147.7

	9
	408
	8
	2
	5
	72
	-6.1
	145.5

	9
	408
	8
	4
	5
	136
	-8
	147.4

	10
	408
	8
	5
	5
	168
	-8.35
	147.75

	11
	408
	4
	4
	8
	116
	-6.8
	146.2
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