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Discussion and Decision
1 Introduction

In eMTC, UEs in poor radio conditions can only transmit a limited amount of data in each transmission. For example, in the downlink, for I_TBS=0 and using 6 PRBs, the TBS is only 152 bits. However, IoT data packet can be relatively big (e.g. 100 or 200 bytes) considering TCP/IP and other higher-layer overhead. Therefore, each data packet must be transmitted using several transmissions, and each transmission requires a scheduling grant. Using the previous example, a 100-byte data packet requires 6 packet transmissions.

This consumes a lot of control channel resource and increases latency for data packet transmission (due to the need to wait for the next control channel search space). For instance, control channel overhead can consumer up to 1/4 resource as the data channel since each DCI contains ~30-40 bits and requires target BLER of 1% (compared to 10% for data channel).
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 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 NPDCCH 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.
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 1: Scheduling of multiple transport blocks is via DCI or via higher-layer configuration.
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.
Proposal 2: For UE in connected mode, this feature is configured and enabled via RRC signalling.

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 IoT 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 3: For UE in idle mode, this feature is configured and enabled via SI.
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 4: For SC-PTM, the feature is configured and enabled via SC-PTM configuration message. This feature is supported only for SC-MTCH.
3 Conclusions

In this contribution, we consider scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast and make the following proposals –
Proposal 1: Scheduling of multiple transport blocks is via DCI or via higher-layer configuration.
Proposal 2: For UE in connected mode, this feature is configured and enabled via RRC signalling.

Proposal 3: For UE in idle mode, this feature is configured and enabled via SI.
Proposal 4: For SC-PTM, the feature is configured and enabled via SC-PTM configuration message. This feature is supported only for SC-MTCH.
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