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1 Introduction
This document captures URLLC specific features on physical layer into TS 38.300, including downlink pre-emption transmission, uplink transmission by configured grants, new CQI and MCS tables at least for transmission with 10^-5 target BLER, low latency CSI and multiple PDCCH monitoring occasions within one slot. 
Text proposal:
TS 38.300
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< Unchanged parts are omitted >
16
Verticals Support

16.1 URLLC

16.1.1
Overview

The support of Ultra-Reliable and Low Latency Communications (URLLC) services is facilitated by the introduction of the mechanisms described in the following subclauses. Please note however that those mechanisms need not be limited to the provision of URLLC services.

16.1.2
LCP Restrictions

With LCP restrictions in MAC, RRC can restrict the mapping of a logical channel to a subset of the configured cells, numerologies, PUSCH transmission durations and control whether a logical channel can utilise the resources allocated by a Type 1 Configured Grant (see subclause 10.3). With such restrictions, it then becomes possible to reserve, for instance, the numerology with the largest subcarrier spacing and/or shortest PUSCH transmission duration for URLLC services.

16.1.3
Packet Duplication

When duplication is configured for a radio bearer by RRC, a secondary RLC entity and a secondary logical channel are added to the radio bearer to handle the duplicated PDCP PDUs. Duplication at PDCP therefore consists in submitting the same PDCP PDUs twice: once to the primary RLC entity and a second time to the secondary RLC entity. With two independent transmission paths, packet duplication therefore increases reliability and reduces latency and is especially beneficial for URLLC services.

NOTE:
PDCP control PDUs are not duplicated and always submitted to the primary RLC entity.

When duplication is activated, the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same carrier. The two different logical channels can either belong to the same MAC entity (CA) or to different ones (DC). In the former case, logical channel mapping restrictions are used in MAC to ensure that the logical channel carrying the original PDCP PDUs and logical channel carrying the corresponding duplicates are not sent on the same carrier.

When an RLC entity acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the other RLC entity to discard it; and when the secondary RLC entity reaches the maximum number of retransmissions for a PDCP PDU, the UE informs the gNB but does not trigger RLF. 

When configuring duplication for a DRB, RRC also sets the initial state (either activated or deactivated). After the configuration, the state can then be dynamically controlled by means of a MAC control element and in DC, the UE applies the MAC CE commands regardless of their origin (MCG or SCG). When duplication is deactivated for a DRB, the secondary RLC entity is not re-established, the HARQ buffers are not flushed but the corresponding logical channel mapping restrictions – if any – are lifted, and the transmitting PDCP entity should indicate to the secondary RLC entity to discard all duplicated PDCP PDUs.

When duplication is configured for an SRB the state is always active and cannot be dynamically controlled.

When activating duplication for a DRB, NG-RAN should ensure that at least one serving cell is activated for each logical channel of the DRB; and when the deactivation of SCells leaves no serving cells activated for a logical channel of the DRB, NG-RAN should ensure that duplication is also deactivated.

16.1.4
Downlink pre-emption indication
Downlink pre-emption is supported, wherein the assigned downlink resource is pre-empted by another downlink transmission (e.g., from URLLC). In this case, one option is that an indication carried in the DCI format 2_1 is dynamically signaled to the UE to tell the time and frequency region within its assigned resource is pre-empted, to increase the likelihood of successful demodulation and decoding of the transport block(s) transmitted within the assigned resource. In addition, one bit named by CBGFI in the DCI for retransmission can be used to flush the HARQ buffer that contain the pre-empting information. 
16.1.5
Uplink transmission by configured grants
To achieve fast uplink transmission compared to the scheduling request based procedure, the uplink transmission by configured grants with either type 1 or type 2 is supported. Type 1 uplink transmission relies only the RRC configured parameters, while type 2 uplink transmission relies on both RRC configured parameters and DCI (de)activation. In addition, K-slot repetition can be configured for the type 1 and type 2 uplink transmission to achieve the high reliability.  
16.1.6
New CQI and MCS tables
One new CQI table targeting block error rate 1e-5 is introduced based on the original CQI table up to 64QAM but with the vale 0.0586 for the lowest spectral efficiency. 
Two new MCS tables are introduced based on the original MCS tables up to 64QAM, one of which is used for PDSCH and PUSCH with CP-OFDM, and the other of which is used for PUSCH with transform precoding. The new MCS tables can be configured by RRC. A new-RNTI is introduced to dynamically indicate the new MCS table. 
16.1.7
Low latency CSI
In order to improve the efficiency for URLLC resource utilization by obtaining more accurate and in-time CSI, low latency CSI can be triggered and reported. The low latency CSI is triggered without a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied and the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports in a single resource without CRI report and where CodebookType is set to ‘TypeI-SinglePanel’ or where reportQuantity is set to ‘cri-RI-CQI’. 
16.1.8
Multiple PDCCH monitoring occasions within one slot
Multiple PDCCH monitoring occasions within one slot is supported to achieve finer time domain scheduling granularity considering low latency requirement of URLLC. Specifically, a PDCCH monitoring pattern within a slot can be configured, indicating first symbol(s) of the control resource set within a slot for PDCCH monitoring, by higher layer parameter monitoringSymbolsWithinSlot. 
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