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Introduction
Physical layer work for a new WID “enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR” started in RAN1 #102-e meeting, where some high-level principles for supporting unlicensed band URLLC were discussed. As a result, the following agreements were made [1]:
Agreements:
· For semi-static channel access mode,
· If sensing is needed, it is performed immediately before the configured/scheduled transmission opportunity.
· For operation with semi-static channel access, the Rel-16 random starting offsets for UL configured grants with Full BW allocation when UE initiates a COT, is not supported.
Agreements:
· For semi-static channel access mode,
· When gNB operates as an initiating device 
· The gNB is not allowed to transmit during the idle period of any FFP associated with the gNB in which the gNB initates a COT
· When a UE operates as an initiating device 
· The UE is not allowed to transmit during the idle period of any FFP associated with the UE in which the UE initates a COT
· When a UE shares a COT initiated by the gNB during an FFP associated with the gNB
· The UE is not allowed to transmit during the idle period of that FFP in which the UE shares the COT initiated by the gNB
· When the gNB shares a COT initiated by a UE during an FFP associated with the UE
· The gNB is not allowed to transmit during the idle period of that the FFP in which the gNB shares the COT initiated by the UE
· FFS whether/how to support additional restrictions to the idle period
Agreements:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode
Agreements:
· A UE initiates a COT in an FFP associated with the UE, if the UE transmits a UL transmission burst starting at the beginning of the FFP and ending at any symbol before the FFP’s idle period after a successful CCA of 9us immediately before the UL transmission burst.
Agreements:
· Conditions on the channel access procedures with respect to sensing duration and transmission gap for UE-initiated COT with UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles.
Agreements:
· UE-to- gNB COT sharing in semi-static channel access mode is supported.
· The gNB determines a COT in an FFP associated to a UE, that is initiated by the UE, if the gNB detects a UL transmission from the UE starting from the beginning of the FFP and ending before the idle period of the FFP.
· FFS details
· When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP.
· FFS whether/how UE to gNB COT sharing when the gap is >16us
[bookmark: _Hlk49462189]Agreements:
For semi-static channel access mode, 
o    Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 
o    FFS: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 
Agreements:
· For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters
Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.
Conclusion:
Further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U. Table 1 in R1-2005376 can be used as a starting point for the corresponding discussion and decision.

In this contribution, we discuss potential enhancements on unlicensed operation for FBE to support URLLC/IIoT, regarding channel access mechanisms and harmonizing UL CG PUSCH mechanisms.

Channel access enhancements for FBE
Decision on UE’s COT initiation
A fundamental question raised in the last meeting in introducing UE-initiated COT for FBE is whether or not UE can decide by itself to initiate a COT at a UE FFP. In our view, the answer should depend on situation. When there is a risk of transmission collision or competition (e.g., between gNB and UE, among UEs), UE’s COT initiation should be dynamically controlled by gNB. For example, gNB can explicitly indicate via DCI whether UE is allowed to initiate a COT for a next UE FFP. On the contrary, in case where the contention can be avoided in a semi-static manner, such controllability from gNB would not be required. Both the two operations with and without gNB indication are necessary. UE can be configured to apply one of the two operations depending on situation. It may also be possible that a part of UE FFPs that are under gNB’s dynamic control can be configured to UE. The COT initiation for the remaining FFPs can be determined by the UE.
Proposal 1: For FBE, the followings are supported.
· Whether or not UE initiates a COT in a UE FFP is determined by gNB’s indication/configuration
· Whether or not UE initiates a COT in a UE FFP is decided by UE itself.

Overlap between COTs initiated by different nodes
Another fundamental issue is whether or not a channel occupancy (by a node) blocks another channel occupancy (by another node) in FBE. It has the same meaning as whether or not one node is allowed to initiate a COT during another COT initiated by another node.
For inter-UE case, it seems clear that the COT initiation of a UE during another COT initiated by another UE needs to be allowed. As depicted in Fig. 1, UEs can have different UE FFP configurations for various purposes. If different UE COTs block each other, the 2nd UE in the figure cannot initiate a COT during the 1st UE’s COT even when the channel is available. This would decrease the benefit of the UE-specific UE FFP configuration, or careful configuration to avoid potential COT blocking across UEs should be accompanied, both of which are undesirable.
Proposal 2: For FBE, a UE can initiate a COT within another COT initiated by another UE.


Fig. 1. Overlap between two UE COTs in FBE
For gNB-UE case, it seems that the two approaches, i.e., Approach 1 in Fig. 2(a) and Approach 2 in Fig. 2(b) do not have big difference, given that the COT sharing is already supported in both gNB-to-UE and UE-to-gNB directions. In case where UE’s COT initiation is decided by UE itself, one potential difference would be that in Approach 1, UE needs to know whether or not gNB is occupying the channel during the channel sensing for COT initiation. In LBE, other node’s channel occupancy is known based on the sensing result, but it is not the case in FBE since the channel can be idle for a long time even within a COT. Therefore, with Approach 1, UE needs to be explicitly indicated if gNB released a COT. While in Approach 2, such indication is not needed because UE can perform the COT initiation relying on the sensing result irrespective of whether the channel is ‘nominally’ occupied or not by another node. In that sense, Approach 2 is slight preferred.
Proposal 3: For FBE, a UE can initiate a COT within a gNB-initiated COT, and gNB can initiate a COT within a UE-initiated COT (as in Fig. 2(b)).


Fig. 2. Overlap between gNB COT and UE COT in FBE
If a UL transmission (as a part of a UE COT) blocks gNB from initiating a COT, gNB may lose its controllability which is generally undesirable. Hence, even for Approach 2, the blocking of gNB COT initiation needs to be avoided. To do so, gNB may carefully schedule dynamic/configured UL not to occupy the starting position of a gNB FFP. Or, gNB may not allow UE to initiate a COT if the COT is expected to prevent a gNB’s COT initiation. Another way is to shorten the UE’s COT for it to end earlier than the starting position of the next gNB FFP as in Fig. 2(a). The shortened COT duration can be configured/indicated by gNB.
In contrast, the blocking of UE COT initiation by a DL transmission can be controlled by gNB. Thus, gNB COT shortening, e.g., via CO duration indication, seems not needed in Approach 2. While if Approach 1 is considered, gNB’s early COT termination can be informed to UE, e.g., via DCI 2_0, to allow UE COT initiation.
Proposal 4: For FBE, UE’s COT can be shortened, i.e., the ending position of UE’s COT can be configured/indicated by gNB.

UE FFP configuration
Dedicated RRC signalling was agreed for configuration of FFP parameters for UE-initiated COT. However, the FFP parameters for different UEs are not mandated to be differently configured all the time. For example, when the number of UEs in a cell is small, cell-specific FFP configuration would be sufficient since multiple UEs may initiate a COT and start UL transmission at the same time without collision by using different interlaces. For that case, cell-specific signaling would be sufficient.
Proposal 5: For FBE, FFP parameters for UE-initiated COT can be provided by SIB-1.

CP extension for CG-PUSCH
In Rel-16 NR-U, CP extension can be configured for CG-PUSCH to allow PUSCH overloading. Different UEs can apply different CP extensions for their CG-PUSCH transmissions starting from the same symbol. Then, even if multiple UEs try to access the channel, the collision can be avoided by the LBT mechanism. The benefit should be available for both LBE and FBE. For FBE, a potential issue is whether/how to handle the CP extension when CG-PUSCH is allocated to the starting position of a UE COT, i.e., when UE initiates a COT using a CG-PUSCH (as shown in Fig. 3). A simple solution on this is to just ignore the CP extension for that CG-PUSCH.
Proposal 6: Discuss how to handle the CP extension when the CP extension is configured to CG-PUSCH allocated to the starting position of a UE FFP.


Fig. 3. CP extension for CG-PUSCH in FBE

Processing time for COT sharing
For UE to share a gNB COT and transmit UL, the UE is required to successfully detect a DL burst in the same gNB COT. The DL detection requires a certain processing time. If not specified, different UEs may have different capability or implementation on the speed of processing the DL detection. Since in Rel-16 NR-U there is no definition on the processing time, gNB may not exactly know when a UE can first transmit UL in a shared COT. The issue is illustrated in Fig. 4.


Fig. 4. Processing time for UE’s DL detection
[bookmark: _GoBack]In Fig. 4, UE A may be capable to decode the DL signal in a shared COT before the starting position of the CG-PUSCH. Thus, UE A can transmit the CG-PUSCHs. However, UE B may not be able to decode the DL signal until the starting position of the CG-PUSCH resource. Thus, UE B may not transmit the CG-PUSCHs. UE B may drop the whole CG-PUSCH transmission including possible repetitions, which may severely degrade the UL delay performance for that TB (and also for piggybacked UCI). In Rel-16 NR-U, the delay due to UL dropping may not be critical because the target scenario is eMBB and UE B can wait for the retransmission scheduling. However, such relaxation is not allowed in high-end URLLC applications. Furthermore, the gNB needs to perform blind detection for UL reception because it does not know whether the UL is actually transmitted or not, in particular when the UL is allocated in the front of the gNB COT.
[bookmark: _Hlk54345449]Therefore, in Rel-17 unlicensed URLLC, in order to avoid the UL transmission uncertainty or invalid UL scheduling, it is necessary to define the processing time for UE’s DL detection (that is, for validation of UL transmission in a shared COT). Although this issue is not directly related to UE-initiated COT, it is considered essential because it highly impacts the UL reliability performance for unlicensed URLLC. More details can be found in our companion tdoc [2].
Observation 1: The UL reliability performance of unlicensed URLLC can be severely degraded if UE’s processing time for DL detection for COT sharing is unknown to gNB.
Proposal 7: For FBE, define processing time for UE’s DL detection.

[bookmark: _Hlk54345796]The same issue is identified in the UE-to-gNB COT sharing. Similarly, gNB needs processing time for UL detection to share a UE-initiated COT. The gNB cannot transmit any DL in the UE-initiated COT until the UL detection is completed. Therefore, during gNB’s UL detection, UE can skip DL reception, i.e., UE can perform micro-sleep in that period to reduce power consumption. To support such operation, UE should be allowed to know the gNB’s processing time for UL detection (or equivalently the DL skipping time).
Proposal 8: For FBE, consider defining processing time for gNB’s UL detection for UE power saving purpose.


Fig. 5. Processing time for gNB’s UL detection

Wideband operation (i.e., multiple RB sets in a BWP)
Rel-16 NR-U supports wideband operation. A NR-U carrier may consist of multiple RB sets. gNB and UE perform the LBT per RB set and transmit DL/UL using either a part or all of the RB sets. This feature would be commonly applicable for both LBE and FBE. Hence, we think it is important to clarify whether or not the multiple RB set case is included in WI scope before making further progress. The WID does not mention the wideband case, but it does not necessarily mean that the wideband operation is not a design consideration point. For example, the following conclusions can be drawn:
· Alt. 1: Consider the aspects of wideband operation in this WI. Clarify what is the Rel-16 baseline for the wideband operation for FBE.
· Alt. 2: Do not consider the wideband operation in this WI. Focus on single RB set case.
Proposal 9: Conclude whether or not to consider wideband operation (i.e., multiple RB sets in a BWP) in this WI.

Harmonizing Rel-16 enhancements for UL configured-grant
Rel-16 NR supports two mechanisms for enhanced CG-PUSCH transmission. One is CG-PUSCH for Rel-16 URLLC. Its main characteristic is PUSCH repetition type B, i.e., mini-slot level repetition and resource segmentation by invalid symbols and slot boundaries. The other is CG-PUSCH for Rel-16 NR-U, which introduces multi-TB scheduling within one CG period. It also supports CG-DFI and CG-UCI transmissions including UE autonomous HPID, RV, and NDI determination.
In our view, PUSCH repetition type B is essential to meet the URLLC reliability requirement, but NR-U features such as multi-TB scheduling, CG-UCI, and CG-DFI do not contribute much to serve the URLLC traffic. In addition, it is noted that the consecutive multi-TB transmission is also allowed by CG feature of Rel-16 URLLC by using multiple CG configurations. Therefore, we think that the CG features for Rel-16 URLLC should be the baseline for Rel-17 CG-PUSCH.
As a starting point, in the last meeting, it was agreed that in Rel-17 FBE, configuration of cg-RetransmissionTimer is not mandated for CG-PUSCH. It seems a natural approach that if cg-RetransmissionTimer is configured, Rel-16 NR-U features can be applied with potential enhancements. While if cg-RetransmissionTimer is not configured, Rel-16 URLLC features can be applied with potential enhancements. The enhancements can mainly target the latter case, i.e., when cg-RetransmissionTimer is not configured.
Observation 2: The enhancements on CG-PUSCH should mainly target the case where cg-RetransmissionTimer is not configured under this WI.

For PUSCH repetition type B, a nominal PUSCH repetition may include symbol(s) overlapping with the idle period, i.e., idle symbol(s), that belongs to gNB FFP. In that case, the nominal PUSCH repetition can be segmented into one or more actual PUSCH(s) by the idle symbol(s). That is, the idle symbol(s) can be regarded as invalid symbol for PUSCH repetition type B.
Proposal 10: For FBE, when cg-RetransmissionTimer is not configured, a symbol overlapping with idle period of a gNB FFP is regarded as invalid symbol for PUSCH mapping type B.

Conclusion
In this contribution, we discuss potential enhancements for unlicensed band URLLC operation, from which the following observations and proposals are drawn:
Proposal 1: For FBE, the followings are supported.
· Whether or not UE initiates a COT in a UE FFP is determined by gNB’s indication/configuration
· Whether or not UE initiates a COT in a UE FFP is decided by UE itself.
Proposal 2: For FBE, a UE can initiate a COT within another COT initiated by another UE.
Proposal 3: For FBE, a UE can initiate a COT within a gNB-initiated COT, and gNB can initiate a COT within a UE-initiated COT (as in Fig. 2(b)).
Proposal 4: For FBE, UE’s COT can be shortened, i.e., the ending position of UE’s COT can be configured/indicated by gNB.
Proposal 5: For FBE, FFP parameters for UE-initiated COT can be provided by SIB-1.
Proposal 6: Discuss how to handle the CP extension when the CP extension is configured to CG-PUSCH allocated to the starting position of a UE FFP.
Observation 1: The UL reliability performance of unlicensed URLLC can be severely degraded if UE’s processing time for DL detection for COT sharing is unknown to gNB.
Proposal 7: For FBE, define processing time for UE’s DL detection.
Proposal 8: For FBE, consider defining processing time for gNB’s UL detection for UE power saving purpose.
Proposal 9: Conclude whether or not to consider wideband operation (i.e., multiple RB sets in a BWP) in this WI.
Observation 2: The enhancements on CG-PUSCH should mainly target the case where cg-RetransmissionTimer is not configured under this WI.
Proposal 10: For FBE, when cg-RetransmissionTimer is not configured, a symbol overlapping with idle period of a gNB FFP is regarded as invalid symbol for PUSCH mapping type B.
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