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Introduction
A work item on enhanced IIoT and URLLC was approved in RAN#86, and the WID was further updated in RP-201310 (RAN#88, June 2020) [1]. One objective is about paging enhancements for idle/inactive-mode UEs:
2. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
In this contribution, we discuss these aspects and share our views.
UE-initiated COT for FBE
In Rel-16 NR-U, only gNB-initiated COT is supported for FBE, and UE-initiated COT has not been specified due to lack of time. This means that for any UL transmission, the gNB needs to perform LBT to acquire the channel at its FFP boundary, and share the COT with the UE. This may not be an issue for UL transmissions dynamically scheduled in the same FFP, but could make it more challenging for a UE to get channel access for UL transmission because both the gNB and the UE may need to perform LBT. In addition, for configured grant (CG) PUSCH, the UE may or may not have data to transmit. It creates additional overhead if the gNB always tries to get the channel for CG occasions. Therefore, it is beneficial to support UE-initiated COT for FBE.
To support UE-initiated COT for FBE, the two basic issues to address are: (1) the configuration of the LBT parameters; (2) rules for the UE to decide when to perform LBT for UE-initiated COT.
Configuration of LBT parameters
The channel access mechanism of frame-based equipment [2] is shown in Figure 1. For the UE to determine the starting point of a Fixed Frame Period (FFP), the UE needs to know two basic parameters: period and offset.
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[bookmark: _Ref47478522]Figure 1 Example of timing for frame-based equipment

For the period, a similar approach as the FFP for gNB in Rel-16 can be adopted. That is, a default FFP can be broadcast in SIB-1. In addition, each UE can be provided an FFP value with UE-specific RRC signaling. This allows different UEs to be configured with different FFP values, depending on the traffic characteristics and the configured transmissions.
For the offset, the boundary of UE’s FFP should not be aligned with the boundary of gNB’s FFP, because it should be avoided that gNB and UE does channel sensing at the same time and both decide to transmit. Therefore, the offset for UE’s FFP should be different from the offset for gNB’s FFP. In Rel-16, the offset for gNB’s FFP is pre-defined in the specification. For UE’s FFP offset, it is beneficial to allow UE-specific configuration, e.g. to spread out different UEs in a FFP. Therefore, UE-specific configuration should always be supported. On whether to support a default or common configuration, there can be different options:
· Option 1: the default offset for UE’s FFP is pre-defined in the specification, which should be different from gNB’s.
· Option 2: the default offset for UE’s FFP is broadcast, for example, in SIB-1.
· Option 3: No default offset is defined or signaled, and the offset is always configured to a UE via UE-specific RRC signaling.

Proposal 1-1: A default value for the period of UE’s FFP is included in SIB-1. The period of UE’s FFP can be configured to a UE via UE-specific RRC signaling.
Proposal 1-2: The offset of UE’s FFP can be configured to a UE via UE-specific RRC signaling. FFS whether/how to define/signal a default offset.

Conditions for a UE to perform LBT for UE-initiated COT
The most basic conditions for a UE to perform LBT for UE-initiated COT include:
· Parameters for UE’s FFP are configured, which means UE-initiated COT is enabled.
· The UE has not detected any DL signal before UL transmission in the overlapping DL FFP, which means the gNB has not acquired the channel.
· The UE has a transmission starting at the UE’s FFP boundary.
The next question is which channels should be allowed to use UE-initiated COT. The most critical channels to cover are the ones that have RRC configured resources but may or may not transmit, such as PRACH, CG PUSCH and SR. The dynamically scheduled channels can also be included such as DG-PUSCH and HARQ-ACK, in case these are scheduled from the previous FFP and not covered by gNB-initiated COT. It can be further discussed whether other channels/signals such as SRS and periodic CSI are also allowed.
Proposal 1-3: A UE is allowed to perform LBT for UE-initiated COT if:
· Parameters for UE’s FFP are configured.
· The UE has not detected any DL signal before UL transmission in the overlapping DL FFP.
· The UE has a transmission starting at the UE’s FFP boundary.
· FFS other conditions
Proposal 1-4: At least PRACH, CG/DG-PUSCH, SR and HARQ-ACK should be allowed to trigger UE-initiated COT. FFS other channels/signals.
It can be further considered to support the configuration of a priority level restriction for PUSCH, SR, HARQ-ACK for using UE-initiated COT. The priority level can be either channel access priority class (CAPC) for PUSCH, or physical layer priority introduced in Rel-16 URLLC for PUSCH, HARQ-ACK, and SR.
Proposal 1-5: Consider supporting the configuration of a priority level restriction for PUSCH, SR, HARQ-ACK for triggering UE-initiated COT.

Configured grant enhancements
CG enhancements have been introduced separately in Rel-16 eURLLC and NR-U WIs.
The CG enhancements in NR-U mainly addressed the channel access issue, and the design targeted to increase the chance for UE to acquire the channel. To support the design, CG-UCI was introduced for CG to provide necessary uplink control information.
The main CG enhancement in eURLLC is the support of multiple CG configurations to support multiple traffic flows within a UE. In addition, PUSCH repetition Type B has been introduced, which applies to both CG and DG.
One objective of the Rel-17 eIIoT/URLLC WI is to harmonize the two designs to best support URLLC applications on unlicensed spectrum. It is well recognized that CG is very important for URLLC to achieve the low latency. For unlicensed spectrum, it is even more important because it avoids LBT to be performed twice, once at the gNB and once at the UE. Therefore, it is critical to optimize the design as much as possible.
When multiple CGs are configured, each CG is configured with its own resource allocation with separate periodicity and offset, depending on the applications. It is very likely that some CGs will overlap in time at some occasions (e.g. CG 1 and CG2 as shown in Figure 2). With the existing design, assuming each CG is configured to carry the expected payload for each flow, the UE would not be able to transmit the traffic from multiple flows using any one of the CGs.
One possible way to get around the issue is to configure an additional CG (CG3 as shown in Figure 2), which covers the overlapping occasions with a larger resource allocation to carry the traffic from both flows. Then in the overlapping occasions, the UE can choose to use CG3 instead of CG1 or CG2. However, this may require more resources to be configured/reserved for CGs, which is not resource efficient. In addition, as the number of CG configurations increase, the overlapping situation may become more complicated, and the configuration of additional CGs to handle the overlapping occasions also becomes more complicated. The additional CGs that can be configured may also be limited by the number of CGs a UE can support.
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[bookmark: _Ref47571638]Figure 2 The overlapping of multiple CG configurations
The framework of NR-U CG design provides a very good foundation to address such an issue. With CG-UCI being transmitted by the UE together with CG, the UE can have some freedom adapting the transmission parameters for the traffic flows, and then provide these parameters to the gNB as part of CG-UCI to avoid blind detection on data transmission at the gNB. The most straightforward example is MCS. For example, we have two CG configurations for an audio flow and a video flow, respectively, that overlaps at certain occasions. At these occasions, the UE can choose the CG with more resources (the one for video flow), and choose a slightly higher MCS level that can accommodate the traffic for both flows. With the higher MCS level, the UE can also adjust transmit power accordingly to ensure decoding performance. Some configurations can be provided by the gNB to control the range that a UE can adapt, e.g. the set of allowed MCS values.
The idea of allowing the UE to autonomously choose MCS for CG is not new, and it has been discussed before in both NR-U and URLLC. There were two main concerns:
· gNB complexity. The concern was that it may cause too much additional gNB complexity in decoding. However, as all the UE transmission parameters are carried in CG-UCI, there is no need for blind detection/decoding at the gNB. The gNB could further restrict the MCS values the UE can choose from.
· Reliability of UCI. This was raised as a strong concern in URLLC discussion. However, for unlicensed spectrum, CG-UCI is already present to address the LBT issue. As long as the payload size increase is not significant, the beta offset can be configured properly to ensure the UCI performance.
Supporting autonomous MCS adaptation at the UE is an efficient way to address the CG overlapping issue. It can additionally address the drawback of CG that gNB cannot adapt the MCS dynamically, by allowing the UE to adapt by itself based on the RF condition change. This further improves the efficiency. Other than MCS, other parameters may also be considered for adaptation such as the transmission duration. 
Proposal 2-1: Consider enhanced CG-UCI on unlicensed spectrum to allow the UE to autonomously adapt certain transmission parameters such as MCS.
Conclusion
In this contribution, we discussed the UE-initiated COT for FBE and potential configured grant enhancements for unlicensed spectrum, and proposed the following:
Proposal 1-1: A default value for the period of UE’s FFP is included in SIB-1. The period of UE’s FFP can be configured to a UE via UE-specific RRC signaling.
Proposal 1-2: The offset of UE’s FFP can be configured to a UE via UE-specific RRC signaling. FFS whether/how to define/signal a default offset.
Proposal 1-3: A UE is allowed to perform LBT for UE-initiated COT if:
· Parameters for UE’s FFP are configured.
· The UE has not detected any DL signal before UL transmission in the overlapping DL FFP.
· The UE has a transmission starting at the UE’s FFP boundary.
· FFS other conditions
Proposal 1-4: At least PRACH, CG/DG-PUSCH, SR and HARQ-ACK should be allowed to trigger UE-initiated COT. FFS other channels/signals.
Proposal 1-5: Consider supporting the configuration of a priority level restriction for PUSCH, SR, HARQ-ACK for triggering UE-initiated COT.

Proposal 2-1: Consider enhanced CG-UCI on unlicensed spectrum to allow the UE to autonomously adapt certain transmission parameters such as MCS.
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