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Introduction 
In 3GPP TSG RAN Meeting #88 [1], a new WID related to enhancements to industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) was approved. The objectives included in this working item (WI) are as follows:
	· [bookmark: _Hlk47418307]Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 

· [bookmark: _Hlk26864288]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

· Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

· Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
· RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 



As part of the objectives related to the uplink enhancements for URLLC in Unlicensed Spectrum, which are highlighted in red in the list above, a few topics will be discussed in this document:
a. Framework to enable UE’s initiated channel occupancy time (COT) for semi-static channel access procedure;
b. Harmonization of the uplink (UL) configured-grant (CG) enhancements introduced in NR-U and URLLC during Rel.16.
UE’s Uplink Enhancements for URLLC in Unlicensed Spectrum 
Framework to Enable UE’s Initiated COT 
During Rel.16 NR-U, for the semi-static channel access procedure, it was agreed to enable only the gNB as an initiating device. Furthermore, the RRC parameter semiStaticChannelAccessConfig-r16 was introduced to configure the specific duration of the fixed frame period (FFP) denoted by  within which as mandated by the ETSI BRAN [2] an idle period equal to either 5% of  or 100 is observed, depending on which one is greater.
While this guarantees a robust and simple channel access framework, it may induce longer latencies in case of LBT failures at both gNB’s and UE’s side. In fact, given that FFP can be only acquired by a gNB, in case of LBT failures both the gNB and the associated UEs will not be able to transmit for at least a FFP duration, which depending on the configuration may be up to 10ms, that is unacceptable for low-latency applications. 
In this matter, to overcome this issue, in Rel.17 one of the objectives is to enable a UE to operate as an initiating device for the semi-static channel access procedure. However, while enabling this feature some particular attention shall be posed on minimizing i) the possible mutual blocking among UEs and gNB, and ii) the increase in terms of contention that this may bring.
When enabling the UE to operate as the initiating device, it may be important to misalign the instance of time of when the gNB and the UE perform LBT to acquire the FFP, while aligning the start of the UE’s FFP to the time domain resource allocated for that UE. This may be beneficial to allow both the UE and the gNB to establish whether the other device operating as an initiating device has been able to acquire a specific FFP, and whether it may be able to operate as a responding device within that specific FFP. Also this may also be further beneficial from the UE’s standpoint when this operates specifically as an initiating device, since it will be able to grab the channel soon after assessing that this is idle, so that other nearby devices contending the channel may be able to assess that this has been already occupied. In this matter, it may be useful to introduce the concept of offset, which indicates the timing difference between the start of the first FFP for a gNB and that of a UE. In this matter, RAN1 should also keep in mind that the ETSI BRAN [2] defines the FFP per device (or equipment) and imposes that this cannot be changed more than once every 200ms, as highlighted below: 
	4.2.7.3.1.4	Initiating Device Channel Access Mechanism
The Initiating Device (Frame Based Equipment) shall implement a Channel Access Mechanism that complies with the following requirements:
· The Fixed Frame Periods supported by the equipment shall be declared by the manufacturer. See clause 5.4.1, item q). This shall be within the range of 1 ms to 10 ms. Transmissions can start only at the beginning of a Fixed Frame Period. See figure 2 below. An equipment may change its Fixed Frame Period but it shall not do more than once every 200 ms.



Furthermore, in order to avoid a UE to block the gNB from acquiring the following FFP, any UL transmissions should be forbidden to occur and/or continue within the mandatory idle period within the gNB’s FFP, and at least a minimum idle period across either the UE’s and the gNB’s FFP of 25 right before the start of the following gNB’s FFP shall be observed. The aforementioned concepts are illustrated in Fig. 1.

[image: ]
Fig. 1 – Illustration of the concept of offset with observance of the idle period of the gNB across UE’s and gNB’s FFPs 

Proposal 1: The gNB’s and UE’s FFP can be misaligned through an offset time, which indicates the laps of time between the gNB’s FFP and the UE’s FFP. 
Proposal 2: Irrespective of the gNB’s and UE’s FFP length, a UE is not allowed to transmit at least within the last 25us of the idle period of the gNB’s FFP.

While in general a device can operate either as a responding or as an initiating or simultaneously as both, when it operates as an initiating device it must perform the LBT procedure and assess that the channel is idle, before it can determine that a FFP is valid and it can transmit in that FFP. However, if the UE operates as a responding device within a gNB’s initiated COT and scheduling is properly done, so that a gap smaller than 16us exist between a DL and an UL burst, then no LBT may be needed by the UE. With that said, while enabling UEs to operate as initiating devices allows to reduce the overall latency deriving from LBT failures, on the other hand this may lead unintentionally to rising the level of contention among devices, since both the gNB and UEs may contend simultaneously for the medium. Motivated by this and also given that the targeted scenario of URLLC operating in unlicensed spectrum is for controlled environments, where the LBT failures may be sparse, and the main reason why UE’s initiating COT is needed is to counterstrike the possible LBT failures, this feature may be enabled only conditionally to the gNB’s failing LBT. For instance, a UE may operate as an initiating device only if it assesses that for the current gNB’s FFP the LBT has failed. This would guarantee that the gNB and UEs may not contend the channel within a valid gNB’s FFP, and the UE may not need to necessarily perform mandatorily LBT before attempting to initiate a transmission. 

[image: ]
Fig. 2 – Illustration of the UE’s initiating device conditional to the gNB’s failure to acquire a specific FFP 

Proposal 3: A UE may operate as an initiating device within a gNB’s FFP only in case that FFP is not valid. A valid FFP is a FFP for which the initiating device has succeeded to perform the LBT procedure and has accessed that the channel is idle within the latest idle period.

Harmonization of the UL CG Enhancements

Together with enabling UE’s initiating COT, an additional objective of this WI lies into harmonizing the enhancements made in Rel.16 for CG design between URLLC and NR-U. At this stage the scope of this objective is not very clear and delineated, and it is left up to interpretation to assert its boundaries. Therefore, it may be beneficial if RAN1 would firstly align and clarify the scope of this objective, before discussing in details any possible enhancements/harmonisations.


From our point of view, the scope of the harmonisation of the Rel.16 enhancements for the CG design between URLLC and NR-U should focus on two aspects:
· RAN1 should focus on those enhancements made during Rel.16 for URLLC specifically on the CG design which are not directly applicable and may require some fine enhancements in order to allow proper operation in the unlicensed spectrum, which is subject to the LBT procedure. In this context no new additional feature or functionality should be introduced, besides what already exists in Rel.16. Some examples of this may be for instance the followings:
· Enhance/harmonize back-to-back repetitions for Type B PUSCH transmission introduced for URLLC in Rel.16 to allow multiple CG PUSCH transmissions: in Rel.16 URLLC PUSCH repetition type B has been introduced, where back-to-back repetitions of a given PUSCH are allowed through multiple CG configurations. However, in NR-U in order to have a better utilization of the medium, and allow full use of a COT, multiple PUSCH transmissions are allowed within a periodicity of a single configuration with the aim to prevent any gap larger than 25us within an UL burst, which would mandate the UE to reperform the LBT procedure. Under the same motivation, PUSCH repetition type B could be enhanced in order to accommodate a similar enhancement as that made in NR-U. 
· In Rel.16 URLLC, compact DCIs X_2 have been introduced, which are more suitable for scheduling and traffic subjects to tight latency and reliability requirements. While the scope of this objective specifically targets the CG design, compact DCIs should be at least supported for type 2 activation and release of CG configurations as in Rel.16.
· RAN1 should focus on identifying the features and enhancements introduced in Rel.16 for NR-U that may not be applicable or feasible to URLLC given that this is targeted to operate in a controlled environment and also given its tight latency and reliability requirements. An example of this may be the following:
a. CG-DFI has been introduced in NR-U with the main aim to provide DL feedback information to a UE mainly to update its own contention window size (CWS) when type 1 channel access procedure is used. However, for URLLC operating in unlicensed spectrum, semi-persistent channel access may be exclusively used, where only type 2A channel access procedure is supported, and which does not require any form of CWS adjustment. In this matter, RAN1 should discuss whether this enhancement should now be applicable to URLLC when this operated in unlicensed band.  

Proposal 4: Before discussing any topic in details, RAN1 should first align and clarify the technical scope for the objective related to harmonizing the Rel-16 enhancements for CG design among URLLC and NR-U.
Proposal 5: The objective related to harmonizing the Rel-16 enhancements for CG design among URLLC and NR-U should focus exclusively on:
· Enhancements made during Rel.16 for URLLC specifically on the CG design which are not directly applicable and may require some fine enhancements in order to allow proper operation in the unlicensed spectrum. In this matter, no new additional feature or functionality should be introduced.
· Enhancements introduced in Rel.16 for NR-U that are not be applicable or feasible to URLLC given that this is targeted to operate in a controlled environment and also given its tight latency and reliability requirements.
[bookmark: _GoBack]
Conclusion
In this contribution, we discussed several aspects related to the UL enhancements for URLLC operating in unlicensed spectrum, and made the following proposals:
Proposal 1: The gNB’s and UE’s FFP can be misaligned through an offset time, which indicates the laps of time between the gNB’s FFP and the UE’s FFP. 
Proposal 2: Irrespective of the gNB’s and UE’s FFP length, a UE is not allowed to transmit at least within the last 25us of the idle period of the gNB’s FFP.
Proposal 3: A UE may operate as an initiating device within a gNB’s FFP only in case that FFP is not valid. A valid FFP is a FFP for which the initiating device has succeeded to perform the LBT procedure and accesses that the channel is idle within the latest idle period.
Proposal 4: Before discussing any topic in details, RAN1 should first align and clarify the technical scope the objective related to harmonizing the Rel-16 enhancements for CG design among URLLC and NR-U.
Proposal 5: The objective related to harmonizing the Rel-16 enhancements for CG design among URLLC and NR-U should focus exclusively on:
· Enhancements made during Rel.16 for URLLC specifically on the CG design which are not directly applicable and may require some fine enhancements in order to allow proper operation in the unlicensed spectrum. In this matter, no new additional feature or functionality should be introduced.
· Enhancements introduced in Rel.16 for NR-U that are not be applicable or feasible to URLLC given that this is targeted to operate in a controlled environment and also given its tight latency and reliability requirements.
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