3GPP TSG RAN WG1 Meeting #103-e	R1-2007551
eMeeting, October 26th – November 13th, 2020
Agenda Item:	8.3.2
Source:	FUTUREWEI
Title:	UE initiated COT for FFP
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During RANP #88e, the enhanced IIoT and URLLC WID [1] was revised to explicitly state the uplink enhancements for URLLC in unlicensed controlled environments. The following is in scope for this topic:
1. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
0.  Specify support for UE-initiated COT for FBE with minimum specification effort
0.  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 enhancements required to enable efficient support of URLLC in unlicensed spectrum.
Agreements
During RAN1 #102-e meeting [1], the group agreed on the high-level aspects of UE initiated COT for semi-static channel access. 
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 initiates 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 initiates 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

In order to initiate a COT, the UE must execute a CCA and then transmit a burst at the beginning of FFP.  
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:
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:
· 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
Discussion
These agreements offer a very flexible framework for design, however the details left for FFS need to be specified. We note several possible issues and propose possible solutions.
Semi-static channel occupancy
[bookmark: _Hlk54104055]For the channel access for semi-static channel occupancy, as defined in [2], a gNB provides UE(s) with higher layer parameters ChannelAccessMode-r16 ='semistatic' by SIB1 or dedicated configuration higher layer parameter provided in SemiStaticChannelAccessConfig, which indicates the channel access parameters such as the periodicity of the semi-static channel access mode. In frame-based operation (FBE) mode in the unlicensed spectrum, the device may transmit every Fixed Frame Period (FFP) for the maximum channel Proposals
occupancy time (MCOT). The MCOT may be up to 95% of the FFP [3].  The FFP, MCOT durations and the idle period in each FFP are parameters characterize the gNB semi-static operation.
The associated parameters necessary for UE to initiate a COT in semi-static operation mode need to be provided to the UE by the gNB. The parameters may specify opportunities for the UE initialization of COT, such as periodicity FFP, resources, MCOT and a time offset when UE may start such operation. The parameters of the gNB and UE initiated COT for semi-static operation may differ. For a UE to correctly operate either in a gNB initiated COT or in its own initiated COT it needs to have and to select their corresponding channel access set of parameters.
Proposal 1: The gNB should provide the UE with the configurations of gNB and UE COT opportunities for semi-static channel access. The configurations can be different.
The UE initiated COT in semi-static channel access may be necessary for specific IIoT applications, therefore UE should be able to request the gNB’s permission to initiate COTs, that is UE may send gNB a request prior to start UE initiated COT. The request may contain the set of parameters necessary for UE semi-static channel access.
Proposal 2: The UE shall be able to request gNB to allow UE to initiate COTs in semi-static channel access. Such requests may contain UE semi-static access desired parameters.

Determination of the COT 
In semi-static access mode when a gNB initiated COT and a UE initiated COT overlap in time, their FFP periods and idle (quiet) periods may not be aligned as in Figure 1. The devices need to respect the transmission period and idle period associated with their COT, in other words gNB and UE may use different semi-static parameters for their own COT. At the same time gNB and UE may share the same COT (as specified in TS 37.213). The concept of sharing COT needs to be revised and clearly defined. If UE transmits during the UE initiated COT and gNB transmits during the gNB initiated COT and these two COTs overlap in time, as in the Figure 1, are the COTs shared?  Consequently, to clarify these situations, we consider that two devices share a COT when they use the same semi-static set of parameters for their transmissions. That is their FFP are synchronized, with the same periodicity and same COT.
Proposal 3: Two devices share a COT during semi-static channel access if they use the same set of semi-static channel access parameters (FFP duration and idle duration) for their transmissions and their FFP are synchronized.
When a UE transmits during possible overlapping COTs, the gNB should unequivocally identify to which COT the UE’s transmissions belong. Do they belong to a UE initiated COT or to the gNB initiated COT?
One possible way for gNB to make such determination is for gNB to decode the UE transmission burst that starts at the beginning of a UE FFP opportunity and interprets it as a UE COT initialization. However, a simple UE transmission cannot unequivocally determine if UE initiated its own COT or UE is just sharing gNB’s COT. Moreover, gNB may miss the UE burst that initiates the COT. To solve this dilemma the UE may explicitly signal to gNB that it initiated its own COT. Such signaling may help gNB to determine that the immediate UE’s transmission belongs to the UE initiated COT but does not clearly indicate the COT ownership for further UE transmissions during the overlapping COTs. 
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Figure 1, gNB and UE overlapping COTs
To address these issues, we have the following proposal:
Proposal 4: The UE transmissions in semi-static channel access shall belong to the same (a single) COT until that COT ends unless instructed by gNB otherwise.  
Proposal 4 requires that when UE initiates a COT to keep transmitting in the same COT, that is the UE cannot switch back and forth between its own initiated COT and gNB initiated COT. The gNB may instruct the UE to change to a different COT if necessary.  For instance, UE may decide to initiate its own COT, during which gNB instructs the UE to switch to the gNB initiated COT and share together gNB’s COT. This implies that gNB is able to change the UE’s channel access parameters via DCI or RRC configuration. 
Proposal 5: The gNB should support dynamic change of UE’s initiated COT in semi-static channel access.   
The resources for UE COT initiation can be, for instance, provided by CG Type 2, that is configured by RRC and activated by PDCCH scrambled with CS-RNTI before utilization.  This way the gNB may control directly if the UE can or cannot initiate a COT in the next FFP.    
Proposal 6: The UE may be provided with the necessary resources for UE initiated COT in semi-static channel access via CG Type 2.
A challenging scenario may rise when a gNB serves many UEs that independently can initiate COTs. Such situations are quite likely for IoT applications. In this case, the UE initiated COTs control may become quite complex, especially because gNB cannot predict which and when the UEs (IIoT devices) may initiate a COT, and multiple UE initiated COTs may overlap in time. A possible solution to handle a large number of UE devices is to divide them in groups and the (re)configuration to be group-based via group common controls. 
Proposal 7: The UE shall support dynamic group (re)configuration of the UE semi-static channel access parameters set.
There is a possibility that gNB and UE alternate their COTs as in Figure 2, gNB and UE will occupy the entire channel for a larger duty cycle than allowed by the regulators (>95%). In other words, while gNB and UE may each respect their idle periods overall they occupy the channel for 100% of the time (more than 95%). We will refer to this situation as channel capturing.
The situation can be avoided when the UE and gNB share the same COT. When they share the same COT, gNB and UE respect the idle time for the corresponding COT thus avoid capturing the channel. 
[image: ]
Figure 2, Example of non-overlapping COTs that capture the channel (duty cycle >95%)

Proposal 8: The semi-static channel access configurations shall avoid capturing the channel.
The legacy UEs cannot initiate a COT for semi-static channel access while the new UEs can. Therefore, the UE should inform the gNB that it can initiate a COT.  
Proposal 9: The UE shall support capabilities signaling to inform gNB that it can initiate COTs for semi-static channel access. 
 
Conclusions
[bookmark: _Hlk54097784]Proposal 1: The gNB should provide the UE with the configurations of gNB and UE COT opportunities for semi-static channel access. The configurations can be different.
Proposal 2: The UE shall be able to request gNB to allow UE to initiate COTs in semi-static channel access. Such requests may contain UE semi-static access desired parameters.
[bookmark: _GoBack]Proposal 3: Two devices share a COT during semi-static channel access if they use the same set of semi-static channel access parameters (FFP duration and idle duration) for their transmissions and their FFP are synchronized.
Proposal 4: The UE transmissions in semi-static channel access shall belong to the same (a single) COT until that COT ends unless instructed by gNB otherwise.  
Proposal 5: The gNB should support dynamic change of UE’s initiated COT in semi-static channel access.      
Proposal 6: The UE may be provided with the necessary resources for UE initiated COT in semi-static channel access via CG Type 2.
Proposal 7: The UE shall support dynamic group (re)configuration of the UE semi-static channel access parameters set.
Proposal 8: The semi-static channel access configurations shall avoid capturing the channel.
Proposal 9: The UE shall support capabilities signaling to inform gNB that it can initiate COTs for semi-static channel access. 
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