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Introduction
In RAN#88e, the WID of “Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR” was revised with following objectives [1]:
1. 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 
2. [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
3. 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 

4. 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]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 
In this contribution, we will focus on the second item to discuss uplink enhancements for URLLC in unlicensed controlled environments.
UE-initiated COT for FBE 
FBE (Frame Based Equipment) mode has been defined in Rel-16 NR-U [2]. Unlike LBE (Load Based Equipment) mode, the frame period is fixed by configuration. The fixed frame period (FFP) is restricted to values of {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms}. The starting positions of the FFPs within every two radio frames starts from an even radio frame and are given by i*P where i={0,1,.., 20/P-1} where P is the fixed frame period in ms. The idle period for a given SCS = ceil( Minimum idle period allowed by regulations / Ts) where 
· Minimum idle period allowed = max(5% of FFP, 100us)
· Ts is the symbol duration for the given SCS
· A PRACH resource is considered invalid if it overlaps with the IDLE period when FBE operation is indicated
FBE mode (semi-static channel access) indicator and FFP configuration are included in RMSI (SIB-1) and FFP can also be signaled for a UE with UE-specific RRC signaling for FBE sCell use case. UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. Therefore, in Rel.16 NR-U, only gNB can act as initiating device, and UE is only acting as responding device.
To initiate COT, the gNB will perform a one-shot LBT with 9 microsecond slot is measured within a 25 us interval as in 37.213. Within a gNB COT, gNB or UE can resume transmission with arbitrary gap with another one-shot LBT. If the transmission gap is within 16us, no LBT is needed.
Benefits of UE-initiated COT 
In Rel-16 FBE mode, the decision of only supporting gNB as initiating device was made to minimum the standardization effort and cover the most typical use cases. However, there are many benefits to have UE as initiating device for FBE. 
First of all, UE can use UE COT to transmit PRACH for initial access. During initial access, a UE is not yet configured how to monitor DL transmission to identify the gNB has the COT. Therefore, according to current spec, the UE can only use SI-RNTI based DCI (or other DCI with known RNTI) to identify if the gNB is having the COT. This restricts the chance that a UE can send PRACH, even when configured PRACH resource is available
Secondly, UE is allowed to transmit PUCCH/PUSCH at the earlier portion of a gNB FFP. Currently, UE has to confirm the gNB acquired the COT at the earlier part of FFP before the UE can transmit. As a result, the UE cannot transmit in the earlier part of gNB FFP because of gNB DL transmission time and UE processing time. This may restrict some URLLC use cases where we don’t have the freedom to schedule the UL transmission around this initial period.
Thirdly, it is helpful for gNB to save power and reduce interference. For UL transmission to happen, the gNB needs to actively transmit something in the DL at the beginning of FFP, even when the gNB has nothing to transmit. This is a waste of gNB power and generates extra interference for other DL transmissions from other gNBs. 
Lastly, UE-initiated COT can also handle the case the DL signal detection may have a reliability limitation or when gNB may fail the channel acquisition even under controlled environment. For DL channel detection, there is a miss detection probability even if a PDCCH is transmitted, especially when the aggregation level is not very large to save control overhead. The failure the detect the DL transmission at UE may cause the UE to miss some UL transmission opportunity. Additionally, in a controlled environment, in some cases, it is still not possible to make sure no WiFi device is around. For example, an employee may accidentally bring his/her WiFi enabled phone to the factory floor, where the phone will send WiFi Access Probes periodically to try to acquire a non-existing Access Point. The Access Probe transmissions are low duty cycle, but may still with certain probability, block the one-shot LBT at the beginning of the gNB FFP. If gNB failed one-shot LBT at the beginning of the FFP, by current spec, both gNB and UE will need to abandon transmission within the FFP and this will lead to a service gap which may fail the URLLC requirement. In both cases, allowing the UE to initiate a COT will provide additional chance for the FFP to be used, 
UE-initiated COT by RRC configuration
The natural way to support UE-initiated COT by adding an RRC configuration. The RRC configuration can be a part of a configured UL transmission (PUSCH, PUCCH, etc), or can be a per UE configuration applicable to all UL transmissions.
We may introduce enable COT acquisition as a property of an RRC UL transmission configuration. This RRC UL configuration can be periodic CSI reporting, SRS transmission, SR, CG-PUSCH and so on. UE will do LBT right before the first symbol of UL transmission and transmit if LBT passes, irrespective of whether UE is sharing gNB COT.
In some cases, it is not preferred to have all RRC configured UL transmission to support UE initiated COT. The RRC configured UL transmission may not be periodic as FFP structure requires. For instance, multiple CG-UL configuration are not forming a periodic pattern. In additions, The gNB needs to know when the UE initiated COT can start and plans on detecting the UL signal/channel. 
Alternatively, a UE can be explicitly configured with an FFP and the timing offset of the FFP relative to gNB FFP, such that the UE can acquire COT with those parameters. UE can only acquire a COT if there is a UL transmission falls on the configured FFP at the configured offset. Otherwise, the UE should give up on the FFP. The gNB can configure all UEs to have the same FFP structure (aligned) or different FFP structure.
Proposal 1: Study the following two alternatives for UE FFP configuration
· Alt 1. UE is explicitly configured with a FFP period and offset, where the period can be the same or different from gNB FFP period, and the offset is with respect to gNB FFP offset
· Alt 2. COT initiating is introduced as a property of some RRC configured UL transmissions, including CG-PUSCH
· FFS: Which other RRC configured UL transmission can be configured to start a COT
One special but efficient case is that we can configure PRACH transmission for UE to initiate its COT. In current specification, a PRACH resource is considered invalid if it overlaps with the IDLE period of a fixed frame period (FFP) when FBE operation is indicated. For long FFP period such as 10ms, it is possible to transmit PRACH in idle period for performance improvement. 
Proposal 2: Study how to transmit PARCH in idle period in FBE when UE works as initiated-COT device.
UE-initiated COT by dynamic indicator
Besides RRC configuration of UE-initiated COT, UE-initiated COT can also be indicated by dynamic indicator. For example, an indicator can be introduced in UL-grant to inform the UE to use its own FFP for the PUSCH transmission, instead of relying on the gNB DL signal/channel detection for the transmission. This indicator is always in the DCI but only applicable if the DCI is in the previous FFP while the triggered UL transmission is in the next FFP. gNB guarantees that the UL transmission is in at regular locations (periodic) from each UE perspective, so the UE initiated FFP transmission still satisfy the FBE requirement. In other words, if the gNB keeps using this feature for a UE, it will need to make sure the resource allocated for the UE to initiate FFP is periodic. 
In addition, if the scheduled UL transmission is not within the beginning part of the gNB FFP, the UE can be further configured to still monitor gNB DL signaling to tell if the UL transmission is actually in gNB COT. In other words, the gNB COT has higher priority than UE COT. For the case that the UL transmission is within the beginning part of the gNB FFP, this certainly does not apply and the UE should just follow the indicator in the DCI.
There are two examples as follows.
[image: ]
Figure 2-3-1 The UL transmission time is later than the gNB FFP start points
The first example is the UL transmission time is later than the gNB FFP start points. gNB can still perform LBT and contend for the FFP if it intends to. UE can still monitor the gNB DL signal/channel as normal, but the triggered UL transmission will not condition on that detection, but instead uses its own one-shot LBT
· Case 1: gNB LBT passes, gNB will start its own FFP/COT. 
The latency is low for UL transmission triggered by the DCI in the main proposal. There is no impact on other UEs and it is following the agreements for NR-U in Rel-16. In addition, the same UE can be further scheduled in the gNB FFP as a responding device.
· Case 2: gNB LBT fails, gNB cannot start its own FFP/COT
However, the triggered UL transmission will happen, and the gNB can also share the COT from UE, at least to serve this UE.
The second example is the UL transmission time is aligned with gNB FFP start point. gNB does not do LBT right before the beginning of the next FFP and gives up the FFP as it cannot transmit the DL signal/channel to claim the FFP even if its LBT pass. Because UE is indicated to contend in the next FFP, UE can obtain the channel by LBT right before the beginning of the next FFP. There are more resource and low latency for transmission of UL data. 

[image: ]
Figure 2-3-2 The UL transmission time is aligned with gNB FFP start point
Proposal 3: gNB can send a dynamic indicator in a DCI for UE to initiate COT by LBT, while gNB maintains the FFP structure for UE by properly picking the granted UL transmission time.
UE-initiated COT sharing 
In this section, we will discuss the UE-initiated COT sharing. One basic idea is to allow UE to share its COT to gNB.
Based on the agreements, when COT sharing ED threshold is configured, UE will always use the configured ED threshold for LBT and the COT will always be shared to gNB. There are several drawbacks, the channel access probability of the UE is reduced since configure COT sharing ED threshold is more sensitive than the non-COT sharing ED threshold value calculated by the UE transmission power. In case that gNB does not have any DL data to send after the end of UL transmission, UE does not need to share its COT with gNB. Therefore, It should be good to allow a UE to decide which ED threshold should be used. For CG-UL, it is possible for UE to select an ED threshold other than the configured one for LBT and tell gNB via UCI. In fact, this is already supported as there is an entry in the COT sharing index table in CG-UCI indicating no sharing. However, there is no solution for DG-PUSCH (Dynamic Grant) on how to allow UE to select different ED threshold when COT sharing ED threshold is configured. We have two alternatives for this as follows.
· Select ED threshold based on TX priority
The ED threshold control is associated with priority of DG-PUSCH, either hard coded, or configurable. gNB may set both high and low priority traffic to use higher ED threshold for certain UE to allow the UE to transmit UL easily if the PUSCH of the UE is more important than the DL. On the other hand, gNB may set both high and low priority traffic to use lower ED threshold for certain UE if the PUSCH of the UE is less important than the DL sharing opportunity. Another option is that high priority traffic uses higher ED threshold and low priority use lower ED threshold. In this case, high priority traffic prioritize higher chance for channel access, and lower priority traffic prioritize UL to DL COT sharing
· Select ED threshold based on CG/DG
Traffic priority aside, there is a use case that the gNB needs separate control for the ED threshold for CG and DG. For example, the gNB may want the CG to share COT, but does not require DG to share COT
Proposal4: UE can share its initiated COT to gNB.
Proposal5: Study ED thresholds selection when UE share its COT to gNB.
Besides UE to gNB COT sharing, it is also interested to allow UE to share its COT to the other UEs through gNB. For LBE mode in Rel.16 NR-U, when UE initiated a COT and share back to the gNB, gNB is not allowed to share the COT with other UEs. However, the agreement is applicable to LBE only. It is preferable to allow the COT to be shared for other UEs, but it is not likely for the two cases. The first one is that if controlled environment is assumed, WiFi should not complain. The other is that other UEs transmit data even they detect some signal/channel from the gNB. By Rel.16 NR-U FBE UE behavior, the UEs cannot tell this is gNB initiated COT (though the signal/channel detected is not at the beginning of the gNB FFP), so naturally the UEs can share. More likely, we will follow LBE case, and do not allow COT to be shared with other UEs for data transmission. For DL transmission, this can be enforced by gNB scheduler. For UL transmission, the other UEs need to be able to tell the COT is not initiated by the gNB. There are two options as follows.
· Option 1: After detecting the signal/channel, UE needs to carry information that the gNB is not the owner of the FFP, so other UEs should not transmit. We can add a bit in DCI 2_0 to differentiate the transmission is in a gNB initiated COT or in a shared COT from a UE.
· Option 2: Define the behavior that if the signal/channel detection is at the beginning of the COT (or more generally a set of time locations within the FFP), this is gNB COT, and if the signal/channel detected is not at the beginning of the COT (or more specifically at another set of time locations within the FFP), this is a shared COT.
Proposal 6: Study the scheme that UE can share its COT to the other UEs through gNB.
Harmonizing CG-UL in NR-U and URLLC in Rel-16 
In Rel-16, enhancements CG-UL have been done for both NR-U and URLLC. In NR-U side, two parameters are added for TDRA (Time Domain Resource Allocation), on top of Rel-15 CG-UL (both Type 1 and Type 2). A number of allocated slots was introduced and the first slot is started from the Rel.15 slot offset in Rel.15 slot period. In addition, A number of consecutive PUSCH in a slot is also introduced and the length of all PUSCHs is the same. The time domain resource assignment in configured grant repeats over the multiple slots within the CG-allocated slots. The same symbol allocation and mapping type is used for the first PUSCH in every slot of the allocated CG-slots. The SLIV indicates the information about the first PUSCH in a slot, then repeat with same length. For CG-UCI, CG-UCI is included in every CG-PUSCH transmission. CG-UCI should at least include the information such as HARQ ID, NDI, RV and COT sharing information.
[image: ]
Figure 3-1 Enhancement CG-UL in Rel-16 NR-U
[bookmark: _Hlk23927392]On URLLC side in Rel-16, two types of PUSCH repetitions are defined for both applicable to DG and CG. 
· PUSCH repetition Type A (basically same as Rel-15 PUSCH)
There is no optimization over Rel-15 PUSCH unless number of repetitions may be indicated dynamically. Besides, if number of repetition K>1, the same SLIV is applied across K consecutive slots, like Rel-15. 
· PUSCH repetition Type B (most of optimizations over Rel-15 PUSCH) 
Some new features were introduced including repetitions within/across slots, crossing the slot boundary, dynamically indication of number of repetitions, inter-nominal PUSCH frequency hopping, new U/D symbol interaction, new SLIV and so on. In addition, K nominal repetitions with nominal length L for each, are sent back-to back starting from symbol S, where S and L are given by SLIV.


Figure 3-2 Enhancement CG-UL in Rel-16 URLLC
How to harmonize the design is essentially how to support type A and type B PUSCH repetition introduced in Rel.16 URLLC in NR-U CG-PUSCH. Now that we have
· RRC configuration of # of slots for CG-PUSCH (from NR-U)
· RRC configuration of # of PUSCH in a slot (from NR-U)
· Type A or Type B repetition (from URLLC)
· Dynamic indicate (CG type 2) or RRC configured (CG type 1) SLIV and # of repetitions (from URLLC)
· For CG type 1: RRC parameter timeDomainAllocation value m provides a row index m+1 pointing to the determined time domain resource allocation table
· For CG type 2: The TDRA field in the activation DCI indicates a row index pointing to the corresponding time domain resource allocation table.
We need to come up with a design taking into consideration of all these parameters and features. On the other hand, the NR-U features of UE determining when the first transmission can start (depends on LBT) is kept, and UE will include RVID in CG-UCI
Based on the discussion above, we can harmonize the designs as follows.
· Type A PUSCH repetition for NR-U CG-PUSCH
We can start from the current NR-U CG-PUSCH resource definition
· Reuse SLIV for the first PUSCH in the first slot
· Reuse # of PUSCH in a slot in NR-U fashion (continuous L after the initial SLIV in the slot)
· Reuse # of slot in NR-U fashion (the continuous slot the CG-PUSCH resource will be defined in)
· The above defines the resource available for CG-PUSCH
· These are exactly the same as in Rel.16 NR-U
[bookmark: _Hlk47707566]For Type A PUSCH repetition, UE repeats the TBs in K consecutive slots where K is the # of repetitions. However, for NR-U CG, the UE repeats the TBs in repK consecutive transmission occasions. So the problem is how to determine the number of repetitions for each TB for Type A PUSCH repetition for NR-U CG. A simple way is to reinterpret the # of repetitions in consecutive slots as the # of repetitions in consecutive transmission occasions. If the # of repetitions is provided by activation DCI for Type-2 CG or configured by RRC for Type-1 CG, the UE repeats the TBs in # of repetitions consecutive transmission occasions; Otherwise, the UE repeats the TBs in repK consecutive transmission occasions. gNB handles the gap between transmissions by selecting proper parameters, such as SLIV. But in general, there can be gaps between repetitions or different TBs, and the UE will need to do separate LBT for the transmission of each burst.
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Figure 3-3 Harmonization for Type A PUSCH repetition
Proposal 7: NR-U CG-PUSCH shall support type A PUSCH repetition introduced in Rel.16 URLLC by reinterpreting the # of repetitions in consecutive slots as the # of repetitions in consecutive transmission occasions.
· Type B PUSCH repetition for NR-U CG-PUSCH
More complicated than Type A case, given Type B repetitions are back to back with segmentations over slot boundaries excluding other DL symbols and invalid symbols. Our design goal is to keep the back to back repetition feature and segmentation feature. 
We can reuse the parameter of number of consecutive slots which is allocated within a configured grant period and configured in Rel-16 NR-U by RRC. The first SLIV for the first CG-PUSCH is configured by RRC for Type-1 CG or indicated by activation DCI for Type-2 CG, and the the remaining PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous allocations without any gaps up to # of slots. The # of PUSCH in slot is not used (for type B). If the # of repetitions is provided by activation DCI for Type-2 CG or configured by RRC for Type-1 CG, the UE repeats the TBs in # of repetitions consecutive transmission occasions; Otherwise, the UE repeats the TBs in repK consecutive transmission occasions.
[image: ]
Figure 3-4 Harmonization for Type A PUSCH repetition
Proposal 8: NR-U CG-PUSCH shall support type B PUSCH repetition introduced in Rel.16 URLLC with the proposal in this contribution.  
 Conclusions
In this contribution, we discuss the uplink enhancements for URLLC in unlicensed controlled environments. We have the following proposals:
Proposal 1: Study the following two alternatives for UE FFP configuration
· Alt 1. UE is explicitly configured with a FFP period and offset, where the period can be the same or different from gNB FFP period, and the offset is with respect to gNB FFP offset
· Alt 2. COT initiating is introduced as a property of some RRC configured UL transmissions, including CG-PUSCH
· FFS: Which other RRC configured UL transmission can be configured to start a COT.
Proposal 2: Study how to transmit PARCH in idle period in FBE when UE works as initiated-COT device.
Proposal 3: gNB can send a dynamic indicator in a DCI for UE to initiate COT by LBT, while gNB maintains the FFP structure for UE by properly picking the granted UL transmission time.
Proposal4: UE can share its initiated COT to gNB.
Proposal 5: Study ED thresholds selection when UE share its COT to gNB.
Proposal 6: Study the scheme that UE can share its COT to the other UEs through gNB.
Proposal 7: NR-U CG-PUSCH shall support type A PUSCH repetition introduced in Rel.16 URLLC by reinterpreting the # of repetitions in consecutive slots as the # of repetitions in consecutive transmission occasions.
Proposal 8: NR-U CG-PUSCH shall support type B PUSCH repetition introduced in Rel.16 URLLC with the proposal in this contribution.
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