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Discussion and Decision
1 Introduction

In Rel-16, it was agreed to specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast. This can include enhancements to SPS. In RAN1#94, it was agreed –

· For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.

· One DCI to schedule multiple TBs for SC-MCCH is not supported

· For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD

· For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS
In this contribution, we discuss issues related to scheduling of multiple transport blocks.
2 Scheduling of Multiple Transport Blocks
In NB-IoT, semi-persistent scheduling (SPS) is supported. This requires one activation and one deactivation DCI and is beneficial for when UE has periodic data transmission. However, it is inefficient for when UE only requires several transmissions before going back to sleep as it requires a UE to be awake for much longer than necessary. In addition, it may be more beneficial to schedule several downlink or uplink packets consecutively as the eNB may still have reliable channel state information. This can help improve the spectral efficiency of the system.
For SC-PTM, it is also beneficial to allow scheduling of multiple transport blocks. For UEs with lower capability, the maximum TBS for SC-PTM is 628 bits. However, the maximum size of each multicast UDP/IP packet can be 1500 bytes. At the physical layer, 18 transport blocks would be required to transmit this UDP/IP. Furthermore, in case of software/firmware upgrade, the total size can be very large (e.g. a few Mbytes), requiring many UDP/IP packets. As the multicast session is addressing the same group of UEs, each transport block will likely use the same MCS level, TBS, and repetition number based on the performance target desired by the eNB. Thus, there is no reason to transmit MPDCCH on every scheduling instance. Reducing the MPDCCH overhead can lead to significant saving in downlink resources.

An example of scheduling multiple transport blocks is shown in Figure 1. Here, one DCI is used to schedule four different transport blocks in the uplink. In this example, the UE can support only 1 HARQ process and therefore must wait for each HARQ completion prior to transmitting the next transport block. A similar figure can be drawn for the downlink. Note that, in this case the four transport blocks are transmitted consecutively with a gap in between, which is similar to legacy scheduling using consecutive uplink grants in time.
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Figure 1. Example of scheduling multiple transport blocks.
One potential way to improve performance of the transmission is to use interleaved or interlaced transmissions as shown. In this example, multiple segments (each segment may be a subframe or group of subframes) of each transport block are interlaced together. This provides additional time diversity and can improve link performance by 1-3 dB, depending on the target BLER and propagation channel. For stationary UEs, this can provide a large performance gain. Note that this method can provide additional improvement on top of other diversity techniques such as frequency hopping and transmit diversity. Enhancements such as multi-subframe channel estimation and symbol-level combining can still be support. However, for NB-IoT, at most 2 HARQ processes are supported and therefore interleaved transmission may bring only limited gain in this case. And increasing the number of HARQ processes to support this feature seems to be out of scope of the WID. Therefore, unlike for eMTC, interleaved transmissions of multiple transport blocks may not be worth it for NB-IoT.

Using the DCI to schedule the multiple transport blocks provides good flexibility as the DCI can be enhanced to include scheduling for 1 and 2 HARQ processes, to indicate the number of transport blocks being scheduled, to schedule multiple groups of transport blocks, to indicate a gap between transport blocks if beneficial, and to indicate interlaced transmission. In RAN1#94, it was agreed that, for unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS.
In eMTC, the working assumption was made that, for unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. For NB-IoT, the same approach should be taken as this is the legacy operation for handling multiple transport blocks in unicast.
Proposal 1: For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.

In this case, since only 2 HARQ processes are supported in NB-IoT, it follows that the maximum number of transport blocks that can be scheduled is 2. Although it is possible to increase the number of HARQ processes, in this case this may not be preferred as legacy UEs may not be able to be software upgraded to support this feature.
Proposal 2: For unicast, the maximum number of TBs that can be dynamically indicated in DCI is 2.

In addition, in Rel-16 it has been agreed to specify support for uplink transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance. In this case, it would be beneficial to support also transmission of multiple transport blocks using this mode of operation. Therefore, it should be possible to also configure this feature via higher-layer configuration. Note that high-layer configuration includes both RRC configuration as well as via SI (for idle mode grant-free transmission).
Proposal 3: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
Naturally, the DCI must be modified accordingly to support this. To provide the most flexibility, one approach could be to add several new fields into the DCI. For example, a field could be added to indicate the number of transport blocks to be scheduled. Note that all transport blocks scheduled by this DCI will use the same MCS and TBS. To reduce the number of bits, a single bit or reserved state can be used to indicate whether the UE will calculate the number of transport blocks derived from last reported BSR and the TBS field indicated by DCI.
In addition, due to potential limitation in the number of HARQ processes, the DCI can indicate a group of N blocks to be transmitted, where N is limited by the number of HARQ processes. For instance, if the DCI is scheduling 16 transport blocks, this could be broken up with 8 groups of 2 transport blocks each (for UE supporting 2 HARQ processes). This can support continuous transmission (1 transport after another) or stop-and-wait (wait for N Tx to complete before starting another).
For UE with large number of repetitions, a gap may also be inserted between successive transport blocks within group of N transport blocks. This can allow time-multiplexing of other data into the gap (to avoid blocking).
As indicated in [1], it was agreed to specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast. As with other Rel-16 features, it is expected that this will be an optional feature that may or may not be supported by Rel-16 UE. Furthermore, it should be UE specific. Therefore, for unicast, this feature should be configured and enabled via RRC signaling per UE.
As noted in [2], supporting an IDLE mode method of grant free transmissions would reduce the number of RRC contexts that the network would need to support and minimize the amount of signaling (in ideal conditions) to successfully make grant free transmissions. Whilst there are potential benefits of a connected mode grant free transmission mode, given that we do not expect rapid in the resource needs of grant free transmissions due to low mobility of MTC devices in general, we see idle mode grant free transmission mode as the priority. Therefore, for UE in idle mode, this feature is configured and enabled via SI.
Proposal 4: For scheduling of multiple transport blocks in preconfigured resources, this feature is configured and enabled via SI for UE in idle mode and via RRC signalling for UE in connected mode.
For SC-PTM, the feature should be enabled via SC-PTM configuration message. It would be up to the eNB to determine, based on subscription and other configurations, whether the UE can support this feature prior to enabling it for SC-PTM transmission. In addition, it should only be SC-MTCH transmission.

Proposal 5: For SC-PTM, the feature is supported for SC-MTCH. It is configured and enabled via SC-PTM configuration message.
3 HARQ
For SC-PTM, ACK/NACK is not supported and therefore there is no need to consider it further. In the case of unicast transmission, the UE will transmit N transport blocks (sequentially or interlaced, and with or without gap), then wait for HARQ completion before transmitting another group of N transport blocks, until all scheduled transport blocks are transmitted. An example is shown in Figure 2 for 2 HARQ processes where the transmissions are consecutive in time.
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Figure 2. Example of multiple transport blocks with 2 HARQ processes.

Figure 3 shows transmission for 2 HARQ processes where the transmissions are separated by a gap. The gap may be used for UE processing time or to allow other transmissions to be multiplexed in between.
[image: image3.emf]HARQ 0

NPDCCH

DL

UL

HARQ 

Completion

HARQ 1 HARQ 0 HARQ 1 ACK

Tx 

Gap

Tx 

Gap


Figure 3. Example of multiple transport blocks with 2 HARQ processes and a gap in between.
In this case, two types of acknowledgements can be considered – bundled or multiplexed. With respect to HARQ feedback, bundled (i.e. 1-bit) ACK/NACK can be the default mode. With bundled ACK/NACK, the UE or eNB acknowledges the consecutively received transport blocks and considers all transmitted transport blocks until they are received successfully. The timing of the ACK/NACK can be based on the transmission of the last HARQ process in the bundle.

Proposal 6: Bundled ACK/NACK can be used to acknowledge two transport blocks for UE capable of 2 HARQ processes. The timing of the ACK/NACK can be based on the transmission of the last packet in the bundle.
To improve performance, 2-bit ACK/NACK in case of 2 HARQ processes can be considered. In this case, each ACK/NACK is associated with one HARQ process ID. UE or eNB acknowledges and/or terminates (if it is ongoing) the corresponding transmission for the received ACK.
Proposal 7: Consider 2-bit ACK/NACK to acknowledge two transport blocks for UE capable of 2 HARQ processes.

4 Conclusions

In this contribution, we consider scheduling multiple DL/UL transport blocks and make the following proposals –
Proposal 1: For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.

Proposal 2: For unicast, the maximum number of TBs that can be dynamically indicated in DCI is 2.

Proposal 3: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
Proposal 4: For scheduling of multiple transport blocks in preconfigured resources, this feature is configured and enabled via SI for UE in idle mode and via RRC signalling for UE in connected mode.
Proposal 5: For SC-PTM, the feature is supported for SC-MTCH. It is configured and enabled via SC-PTM configuration message.
Proposal 6: Bundled ACK/NACK can be used to acknowledge two transport blocks for UE capable of 2 HARQ processes. The timing of the ACK/NACK can be based on the transmission of the last packet in the bundle.
Proposal 7: Consider 2-bit ACK/NACK to acknowledge two transport blocks for UE capable of 2 HARQ processes.
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