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1. Introduction
The basic functions of URLLC are specified in NR Rel-15, including the features to achieve the target of 1ms Uu latency and 1e-5 reliability. In NR Rel-16, PHY/higher layer enhancements aim for 1 ms Uu latency and 1e-6 reliability and the features include inter/intra-UE service prioritization. In NR Rel-17, HARQ-ACK enhancements (including SPS HARQ-ACK deferral, transmission of the cancelled HARQ-ACK, Type-1 HARQ-ACK codebook based on sub-slot and PUCCH carrier switching for HARQ-ACK feedback), CSI enhancement, URLLC for unlicensed, intra-UE service multiplexing with different priorities and propagation delay compensation are being specified. 
However, some further enhancements need to be considered based on the practical requirements from current network deployment. 
For example, FR2 can be used to support heavy traffic and more connections. However, how to further enhance URLLC for FR2 to address the issues that are more sensitive to higher frequency range is not clear. 
Moreover, for the future smart factory, the service of automatic control and machine vision would be used widely, it is likely that the DL heavy and UL heavy service are mixed in a unified wireless solution by complementary TDD frame structures. The transmission with flexible cross-frequency on complementary TDD can further improve the latency and reduce the resource usage.
Therefore, the following potential objectives should be considered in NR Rel-18 URLLC.
	Potential objectives
· Further enhancement on FR2/FR1 CA/DC should focus on ensuring FR2 PDSCH/PUSCH/PDCCH/PUCCH reliability e.g., by interactive transmission between FR1 and FR2.
· Complementary TDD with flexible cross-frequency transmission should be justified in the new Rel-18 IIoT URLLC WI, including:
· Flexible HARQ operation over multiple carriers (cross carriers HARQ)
· PUCCH repetition over multiple carriers
· DG PUSCH/PDSCH repetition over multiple carriers
· CG/SPS configuration over multiple carriers
· Leftovers from Rel-17 
· for example, the SPS HARQ-ACK skipping and codebook size reduction, left over cases for intra-UE multiplexing, CSI feedback enhancements.
· RRM Measurement enhancements to reduce latency due to measurement gap.
· URLLC profile definition in 3GPP to identify essential features and enable reduced complexity URLLC devices for IIoT application.




2. Discussion 
2.1 Further enhancements on FR2 (FR2/FR1 CA/DC)
[bookmark: _GoBack]The limited spectrum availability in FR1 for support of industrial 4.0 use cases affects the deployment of various IIoT/URLLC applications, especially the ones requiring very large packet size and deterministic delay (e.g., gateway type UE connecting multiple sensors / actuators using aggregated TSN streams, AR / VR use cases, etc.). The larger bandwidth in FR2 can help to transmit larger packet sizes and offload traffic from FR1. However, due to the clutter and movement of robots / AGVs inside the factory, the reliability of transmission is potentially negatively affected. Hence, the enhancements to facilitate FR1 and FR2 CA inter-operation to enable robust communication links would be beneficial.  For example, if the transmission is identified to be unstable in FR2, the transmission can be automatically switched to FR1. Or, because of UE under FR1 has better coverage and link stability, some important control information, e.g., CSI information, can be automatically and timely transmitted through FR1 channel to help recover the FR2 link when the FR2 link fails. The key point of this enhancement is how to automatically ensure the latency and reliability requirements of IIoT/URLLC when sudden errors occur, e.g., the FR2 link fails.
Proposal 1: Further enhancement on FR2/FR1 CA/DC should focus on ensuring FR2 PDSCH/PUSCH/PDCCH/PUCCH reliability e.g., by interactive transmission between FR1 and FR2.

2.2 Complementary TDD with flexible cross carrier transmission
Considering the future smart factories, many kinds of services would be carried by wireless communication. The real-time (RT) and isochronous real-time (IRT) applications are often for the automatic control services, and another widely-deployed service is machine vision, e.g., an UL-dominant service with a large UL traffic but small DL traffic. Also, the eMBB-like DL-dominant services also exist in the smart factories, including the software update for devices and task re-arranging for a group of cooperative devices. That is, several kinds of services with different characteristics, for example, DL heavy or UL heavy, would be simultaneously delivered wirelessly in the future smart factories, and hence a design of future factory network should be able to support these mixed services through a unified wireless solution. The factory automation cannot be supported well under some given scenarios as described in following sections, e.g. on unpaired spectrum. Therefore, some further enhancements can be considered in Rel-18, at least for the typical IIoT use case with promising market opportunity, e.g. smart factories. 
In the following, we would discuss possible technology enhancements for these service requirements. 
2.2.1 Flexible HARQ operation over multiple carriers (cross carrier HARQ)
In current specification, if a PDSCH is fed back with NACK, the PDSCH retransmission will be on the same carrier and use the same HARQ process. There are some disadvantages on this method. For example, in the case of TDD configuration with more UL slots, the earliest retransmission of the PDSCH will be delayed because there is no valid available DL slot. In this way, the retransmission of the PDSCH will deteriorate the latency of URLLC service.
Therefore, a potential enhancement is shown in Figure 1a, which supports PDSCH cross-carrier retransmission, especially in the case of complementary TDD configurations, for example, two TDD carriers have complementary DL and UL configurations. The PDSCH can be retransmitted in CC 1, which is much earlier than the available occasion in CC 0 for PDSCH retransmission. In this way, PDSCH cross-carrier retransmission can effectively reduce the latency of PDSCH retransmission and can be widely used in smart factories.
Similar enhancements should also be applied to PUSCH retransmission based on similar reasons mentioned above. An example of PUSCH cross-carrier retransmission is shown in Figure 1b.
[image: ]
Figure 1a An example to support PDSCH cross-carrier retransmission
[image: ]
Figure 1b An example to support PUSCH cross-carrier retransmission

2.2.2 PUCCH repetition over multiple carriers
In current specification, if PUCCH repetition is configured, all PUCCH repetition transmissions are in the same carrier. In unlicensed carrier, the PUCCH repetition has to be delayed if it collides with DL symbol. In Rel-17 for PUCCH carrier switching, the PUCCH can be transmitted in PCell or SCell with dynamic or semi-static change. Thus for PUCCH repetitions transmission, the target carriers for PUCCH repetition transmission can be variable based on the availability of UL PUCCH resource on the carriers. An example is shown in the Figure 2 below, assuming PUCCH repetition number is 4, where the PUCCH repetition 1 and PUCCH repetition 2 are in slots of CC0 (PCell), the PUCCH repetition 3 and PUCCH repetition 4 are in slots of CC1 (SCell). This enhancement can improve the latency of PUCCH repetition in order to better meet the requirement of URLLC service.
[image: ]
Figure 2 An example to support PUCCH repetition across multiple carriers
2.2.3 DG PUSCH/PDSCH repetition over multiple carriers
In current specification, if a DG PDSCH is configured with PDSCH repetition, all repetitions of the DG PDSCH can only be transmitted on the same carrier. There are also some disadvantages on this method. For example, in the case of TDD configuration with more UL slots, some DG PDSCH repetitions will be delayed because there is no valid available DL slot. In this way, the DG PDSCH repetition cannot satisfy the latency requirement of URLLC service.
Therefore, a potential enhancement is shown in Figure 3a, which supports DG PDSCH repetition across multiple carriers, especially in the case of complementary TDD configurations, for example, two TDD carriers have complementary DL and UL configurations. It can be seen that the PDSCH repetition can be finished much earlier to ensure the latency if PDSCH repetition over multiple carrier is supported. In this way, supporting DG PDSCH repetition cross multiple carriers can effectively reduce the latency of DG PDSCH repetition and can be widely used in smart factories.
Similar enhancements should also be applied to DG PUSCH repetition based on similar reasons mentioned above. An example for supporting DG PUSCH repetition cross multiple carriers is shown in Figure 3b.
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Figure 3a An example to support DG PDSCH repetition across multiple carriers
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Figure 3b An example to support DG PUSCH repetition across multiple carriers
2.2.4 CG/SPS configuration over multiple carriers
In current specification, to support a service with a period of 2 slots under TDD configuration, a possible way is to configure multiple SPS configurations on different TDD carriers to overcome the lack of effective DL slots in one carrier. An example is shown in Figure 4a. This method has some disadvantages. For example, in Figure 4a, some SPS1 PDSCH occasions in CC1, including the first and third SPS1 PDSCH occasions, may not be used due to the SPS PDSCH occasion collision between two carriers, but the UE still needs to maintain and monitor these SPS1 PDSCH occasions. This will lead to potential waste of resources, and some unnecessary SPS configurations and the UE complexity.
Therefore, a potential enhancement is shown in Figure 4b, which supports that one SPS configuration can be configured across multiple carriers, especially in the case of complementary TDD configurations, for example, two TDD carriers have complementary DL and UL configurations. In this way, this enhancement can overcome the above shortcomings and can be widely applied to smart factories.
Similar enhancements should also be applied to the CG PUSCH in order to avoid waste of CG PUSCH resources and the meaningless detection on the occasions at network side. An example of a CG PUSCH configuration configured across multiple carriers is shown in Figure 4c.
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Figure 4a An example is that 2 SPS configuration are configured to support a service with a period of 2 slots
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Figure 4b An example is that an SPS configuration across multiple carriers is configured to support a service with a period of 2 slots
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Figure 4c An example is that a CG PUSCH configuration across multiple carriers is configured to support a service with a period of 2 slots
To sum up, we would like to further clarify the key topics suitable for URLLC on latency reduction, i.e., flexible cross carrier transmission for TDD, including the following aspects:
· Flexible HARQ retransmission over multiple carriers (cross carrier HARQ)
· PUCCH repetition over multiple carriers
· DG PUSCH/PDSCH repetition over multiple carriers
· one CG/SPS configuration over multiple carriers
In Rel-17, transmission switching from one CC to another CC is under specified in PHY Layer only for PUCCH, but data channels are more important and should benefit from the carrier/cell switching. It is necessary to enhance the overall URLLC performance. The principle and motivation are similar with PUCCH carrier switching in Rel-17 scope. Just the carrier/cell switching is applied to the HARQ operation, the PUCCH repetitions, DG PUSCH/PDSCH repetition and CG/SPS transmission. Moreover, if cross carrier CG/SPS is allowed, the number of multiple CG/SPS configurations could be reduced and resource utilization efficiency can be improved.
This feature can be supported to make a new Rel-18 work item and can easily be justified as the core function of the new WI. 
Proposal 2: Complementary TDD with flexible cross carrier transmission should be justified in the new Rel-18 IIoT URLLC WI, including:
· Flexible HARQ operation over multiple carriers (cross carrier HARQ)
· PUCCH repetition over multiple carriers
· DG PUSCH/PDSCH repetition over multiple carriers
· CG/SPS configuration over multiple carriers

2.3 Rel-17 leftover for IIoT/URLLC
Due to the limitation of TU assigned for Rel-17 IIoT/URLLC WI, some topics are agreed to discussion but unfortunately be dropped from Rel-17 scope, for example, the SPS HARQ-ACK skipping and codebook size reduction, left over cases for intra-UE multiplexing, CSI feedback enhancements. These leftover issues are deserved to be discussed in the new Rel-18 IIoT URLLC WI.

Proposal 3: Leftover issues should to be justified in the new Rel-18 IIoT URLLC WI, for example, the SPS HARQ-ACK skipping and codebook size reduction, left over cases for intra-UE multiplexing, CSI feedback enhancements.

2.4 RRM measurement enhancement to reduce latency during the measurement gap
In current specification, the measurement gap should be configured for inter-frequency measurement and intra-frequency measurement if needed. During the measurement gap, the UE cannot perform any data exchange with all the serving cells if per-UE gap is configured or the UE cannot perform data exchange with all the serving cells in the frequency range if per-FR gap is configured. The measurement gap configuration is shown in the Table 1 below
Table 1 Measurement gap configuration
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



Taking the measurement gap with 6ms length and 40ms period as an example, it means the UE cannot perform data exchange with serving cells for at least 6ms every 40ms. If the URLLC data is arrived just before or within the measurement gap, it cannot be delivered in time. So the latency of URLLC service cannot be satisfied since its requirement is pretty high. This will impact the URLLC service severely. In Figure 1, the simulation result is provided to show the impact from the measurement gap based on the simulation assumption shown in the appendix and measurement gap pattern 1. It can be seen that the measurement gap can degrade the performance by 24% in the case of the 10 UEs per cell. Therefore, some enhancements are needed to reduce the impact by measurement gap. 
[image: ]
Figure 5 the simulation results w/o measurement gap
Since RRM measurement is a kind of UE behavior, the UE has the knowledge of the priority of the URLLC data transmission and RRM measurement in the gap by itself. If the UE determines that URLLC data is more important, then it can perform data transmission rather than RRM measurement in the measurement gap. In addition, according to the discussion in power saving WI, the RRM measurement can be relaxed if the conditions are met. It means the UE does not need to perform RRM measurement in every measurement gap. Therefore, transmission and reception may be possible in the measurement gap to alleviate the impact of measurement gap, depending on the UE judgment and the specified conditions.
Proposal 4: RRM measurement enhancements are necessary to alleviate the impact of measurement gap to URLLC service in Rel-18.

2.5 URLLC profile to identify essential features for UEs  
Regarding the overall motivation, as it can be seen in the related discussion in RAN#92-e, there is significant operator interest on such activity, and also from many vendors, it is acknowledged that there is a lack of clarity on which features effectively contribute to reliability and latency, and it is difficult for a non-3GPP person to dig into the specifications and understand the implications of supporting a certain feature in the specifications.
The URLLC profile definition in 3GPP should be further studied to enable reduced complexity URLLC devices for IIoT applications requiring stringent reliability and not so stringent latency thereby identifying essential features for URLLC UEs to increase the adoption rate of 5G devices for critical communications. 
This work can start in RAN1 and RAN2, because many main URLLC features are defined in RAN1 and RAN2. It is easy to carry out the work in RAN1 and RAN2. For example, the work is related to URLLC UE capabilities for processing PDSCH and PUSCH, MCS table configuration and collision/multiplexing with high and low priority, etc.
Proposal 5:  URLLC profile definition in 3GPP to identify essential features and enable reduced complexity URLLC devices for IIoT application.

2.6 PDCP duplication enhancement based on network coding
The PDCP duplication is identified and specified as one of features of URLLC in previous specifications. The PDCP duplication enhancement can also be part of URLLC enhancement in Rel-18. The legacy PDCP duplication has been specified in the scenario of dual-connection. The selectivity diversity instead of combining diversity can be supported by the legacy PDCP duplication, which leads to insufficient usage of redundancy information and insufficient reliability performance. However, PDCP duplication enhancement based on network coding can derive combining diversity gain and improve reliability significantly. 
In our understanding, there is a key scenario with high-reliability low-latency broad-band communication. Due to the requirement of low latency of some traffics such as URLLC traffic, the ARQ functionality in RLC layer needs to be closed or limited, which leads to insufficient reliability. According to 5QI tables, there are many URLLC traffics with high reliability, e.g., PER from 10-3 to 10-8. As a result, a possible way to improve the reliability is network/packet coding in PDCP layer or RLC layer or a sub-layer between PDCP layer and RLC layer to replace ARQ functionality in RLC layer and reduce the maximum number of retransmission of HARQ in MAC/PHY layer.
Packet-wise network coding based PDCP duplication can provide better reliability performance than legacy techniques for URLLC traffic, especially in the case of multi-path network, broadcasting network, and mesh network [2]. 
Proposal 6:  Network coding based PDCP duplication enhancement should be considered for Rel-18 IIoT URLLC WI.
3. Conclusions 
In this contribution, we have the following proposals.
Proposal 1: Further enhancement on FR2/FR1 CA/DC should focus on ensuring FR2 PDSCH/PUSCH/PDCCH/PUCCH reliability e.g., by interactive transmission between FR1 and FR2.
Proposal 2: Complementary TDD with flexible cross carrier transmission should be justified in the new Rel-18 IIoT URLLC WI, including:
· Flexible HARQ operation over multiple carriers (cross carriers HARQ)
· PUCCH repetition over multiple carriers
· DG PUSCH/PDSCH repetition over multiple carriers
· CG/SPS configuration over multiple carriers
Proposal 3:  Leftover issues should to be justified in the new Rel-18 IIoT URLLC WI, for example, the SPS HARQ-ACK skipping and codebook size reduction, left over cases for intra-UE multiplexing, CSI feedback enhancements.
Proposal 4: RRM measurement enhancements are necessary to alleviate the impact of measurement gap to URLLC service in Rel-18.
Proposal 5:  URLLC profile definition in 3GPP to identify essential features and enable reduced complexity URLLC devices for IIoT application.
Proposal 6:  Network coding based PDCP duplication enhancement should be considered for Rel-18 IIoT URLLC WI.
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