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1 Introduction
This document is a revision of R1-2007069 and is intended to facilitate view exchange and discussions for the following assigned email discussin by Mr. Chairman:
[102-e-NR-IIOT_URLLC_enh-03] Email discussiona/approval – Sorour (Ericsson)

· By 8/21 – high priority

· By 8/27 – medium

Companies are encouraged to share their views on the discussion points highlighted below.

2 Support of UE-initiated COT for FBE
This section summarizes companies view with respect to the following objective in the WID:

	· Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:

· Specify support for UE-initiated COT for FBE with minimum specification effort




It is commonly understood that the support of UE-initated COT in principle is similar to already specified gNB-initated COT.

In order to have a clear understanding of the required specifcaion efforts and keep it at minimum as stated in the corresponding WID objective, it is important to identify the commonalities and differences between UE-initated COT and gNB initated COT with respect to configurations/signalings/UE and gNB behaviours. This would help to have a better understanding on the extra specification efforts needed to enable UE-initated COT in addition to gNB initated COT. 
To achieve this goal, it is important to have an overview on companies’ understanding with respect to regulations and NR operations towards the following fundamental queations.
Based on this overview, we can identify the differences in fundamental assumptions. Since the references are regulations and NR operations, it would hopefully be possible to resolve the differencea to reach to a proper common understanding that can serve as the baseline assumption allowed by regulations and NR specifciations.
With the baseline assumption in place, the follow-up discussions to explore different dimentions on the design choices in order to make sound decisions would hopefully be constructive and efficent. 

Based on companies views in the submitted contributions, it seems that discussion around the following two questions can be helpful to serve the purpose discussed above.

The first question is as follows:

· Q-A: Can one COT-inititator block another COT-initiator in NR based system?

· Understanding 1: Yes. Some companies percieve that enabling UE-initated COT cause contention between different UEs or between UE and gNB in a sense that a UE intending initiating a COT would be in a position to block the gNB or other UEs in the system to access the channel. 
· Understanding 2: No. Some other companies consider that UE-initating COT only improves channel access for the UE and gNB via COT sharing without competing with gNB or other UEs. If UE is intended to initate a COT, it can not decide by itself to transmit in occasisons other than those being scheduled or configured by gNB. The sensing, if needed, is performed immediately before the configured/scheduled transimisison opportunity by gNB. All transmissions (both DL and UL) are remained to be controlled by gNB.
These two different understandings would lead into two different design directions. A design based on underlying Understanding 1 would have solutions to minimize the blocking impact, while those solutions not only would be unnecceesary but also restrictive for a design based on Understanding 2.
Therefore, it is important to reach to a common understanding on this fundamental question based on what regulations and NR operation permits.

The second question is as follows:

· Q-B: What is the understanding on the interaction between idle periods corresponding to different COT-initiators from the regulatory perspective? 
· Understanding 1: The initiator of a COT with a corresponding FFP is not allowed to transmit in any of the FFP’s idle interval. A responder that shares a COT within an FFP with a COT-initiator is not allowed to transmit in the idle period of the FFP where its COT being shared.
· Understanding 2: The initiator of a COT with a corresponding FFP is not allowed to transmit in any of the FFP’s idle interval. A responder that shares a COT within an FFP with a COT-initiator is not allowed to transmit in any of the FFP’s idle period of the Cot-initiator.
Figure 1 and Figure 2 illustrate examples to show the difference between these two understanding. Based on companies’ views expressed in contributions, views are devided between these two approaches. Hence, it is important to identify first which understanding is inline with regulations and can be the proper starting point. If the common understanding merges on Understanding 1, it can be discussed further whether decision should be to allow operation as in Understanding 1 or impose additional restrciiton to operate as in Understrading 2.  To make this decision, it is important to consider both signalling aspects and system performance to make a sound decision.
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Figure 1: Illustrative example for Understanding 1 and 2 for Q1 without any transmissions
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Figure 2: Illustrative example for Understanding 1 and 2 for Q1 with transmissions
Discussion point A: 
	· Q-A: Can one COT-inititator block another COT-initiator in NR based system?

· Options for answers to Q-A

· Yes, as Understanding 1

· No, as Understanding 2

· Others (Please describe)


	Company
	Options for answers to Q-A


	Comments

	
	
	

	
	
	

	
	
	

	
	
	


Discussion point B: 
	· Q-B: What is the understanding on the interaction between idle periods corresponding to different COT-initiators from the regulatory perspective? 

· Options for answers to Q-B

· Yes, as Understanding 1

· No, as Understanding 2

· Others (Please describe)



	Company
	Options for answers to Q-B


	Comments

	
	
	

	
	
	

	
	
	

	
	
	


2.1 Issue#1-1: UE-initiated COT FFP parameters
In Rel-16, the FFP configuration for gNB initated COT consists of a periodicity where the corresponding offset with respect to a radio frame is implicitly specified. To support UE-initated COT in Rel-17, UE requires knowledge of the corresponding FFP. Companies expressed views whether UE-initated FFP parameters should be obtained from gNB-initated FFP or independently.
An overview of companies’ view is listed below in two alternatives.

· Summary of proposals: Periodicity and offset of FFP parameters for UE-initated COT

· Alt1: Periodicity and offset of FFP parameters for UE-initated COT can be different from the corresponding FFP parameters for gNB-initiated COT.

· Apple, Beijing Xiaomi, [Charter (FFS on offset)], Ericsson, Intel, InterDigital, LG, MediaTek, Nokia&NSB, Panasonic, QC, Samsung, Sony, Spreadtrum, vivo, WILUS
· Alt 2: Periodicity of FFP parameters for UE-initated is assumed the same as corresponding periodicity in FFP parameters for gNB initiated COT. Offset of FFP parameters for UE-initated COT can be different from the corresponding offset in FFP parameters for gNB initiated COT.

· CATT, ETRI, Huawei, HiSilicon, OPPO

The corresponding proposals are listed in Section 5.1 for refererence.
Discussion point Issue#1-1: 
	· Q1-1: What is your view on Periodicity and offset of FFP parameters for UE-initated COT? Comments on relation to your view on Q-A/Q-B is welcome.

· Options for answers to Q1-1

· Alt 1

· Alt 2

· Others



	Company
	Options for answers to Q1-1


	Comments

	
	
	

	
	
	

	
	
	

	
	
	


2.2 Issue#1-2: Configuration of UE-initiated COT FFP parameters
In Rel-16, the FFP periodicity of gNB initiated COT is provided to the UE by SIB1 or dedicated RRC signalling.

To support UE-initated COT in Rel-17, a UE requires knowledge of the corresponding FFP. Companies expressed views on how a UE obtains information for UE-initated FFP parameters. The views can be summarized in three alternatives as listed below:

· Summary of proposals: Configuration of Periodicity and offset of FFP parameters for UE-initated COT

· Alt1: Periodicity and Offset of FFP parameters for UE-initated COT can be provided to the UE by SIB-1 or dedicated RRC signalling. 

· Apple (FFS on offset before dedicated RRC), Beijing Xiaomi, [Charter (FFS on offset)], Ericsson, Nokia&NSB, QC, Samsung, Spreadtrum (dedicated RRC), WILUS
· Alt 2: Offset of FFP parameters for UE-initated COT can be provided to the UE by dedicated RRC signalling. 
· ETRI, Huawei, HiSilicon, OPPO
· Alt 3: FFS whether the UE FFP duration is explicitly configured, or implicitly determined based on other configurations such as RACH configuration, UL CG configuration, etc. 
· Nokia&NSB
The corresponding proposals are listed in Section 5.2 for refererence.
Discussion point Issue#1-2: 
	· Q1-2: What is your view on Configuration of Periodicity and offset of FFP parameters for UE-initated COT? Comments on relation to your view on Q-A/Q-B is welcome.
· Options for answers to Q1-2

· Alt 1

· Alt 2

· Alt 3

· Others



	Company
	Options for answers to Q1-2


	Comments

	
	
	

	
	
	

	
	
	

	
	
	


2.3 Issue#1-3: UL channels for initiating a COT
With respect to uplink channels that can be used to initiate a COT by UE, compaies views can be summarized as follows:

· Summary of proposals: UL channels for initiating a COT
· Alt 1: Transmission of configured UL channels is supported to initiate a COT
· Beijing Xiaomi, InterDigital, WILUS
· Alt 2: Transmission of any UL channels is supported to initiate a COT
· Apple (FFS SRs, P-CSI), Ericsson, Huawei, HiSilicon (scheduled and periodic), [Nokia&NSB], QC, [MTK (Except PRACH)]
· Alt 3: Transmission of control or data UL channels with high priority is supported to initiate a COT

· Lenovo, Motorola

The corresponding proposals are listed in Section 5.3 for refererence.

Discussion point Issue#1-3: 
	· Q1-2: What is your view on UL channels for initiating a COT? Comments on relation to your view on Q-A/Q-B is welcome.
· Options for answers to Q1-3

· Alt 1

· Alt 2

· Alt 3

· Others



	Company
	Options for answers to Q1-3


	Comments

	
	
	

	
	
	

	
	
	

	
	
	


2.4 Issue#1-4: UE-initiated COT sharing with gNB 
In Rel-16, a COT initiated by the gNB can be shared by the UEs in the system. Based on the companies input, it seems there is a common uncerstanding that a COT initiated by a UE can be shared with gNB. 
· Summary of proposals: UE-to-gNB COT sharing
· UE-to-gNB COT sharing in semi-static channel access mode is supported.
· Beijing Xiaomi, Charter, Ericsson, Huawei, HiSilicon, InterDigital, Nokia&NBS, QC, Sony, ZTE, 
The related proposals are available in Section 5.4 for reference.

Discussion point Issue#1-4: 
	· Q1-2: Do you support UE-to-gNB COT sharing?

· Options for answers to Q1-4

· Yes

· No

· Others



	Company
	Options for answers to Q1-4


	Comments

	
	
	

	
	
	


2.5 Issue#1-5: UE/gNb behaviour with UE-initiated COT
In order to specify the corresponding UE/gNB behaviours, compaies proposed solutions on how the idle periods and FFPs should be addressed, how COT information and/or related LBT parameters should be indicated to the UE (implicitly or explicitly). It is important to note that the corresponding behaviour in general is similar to those of gNB initated COT.
· Summary of proposals: Interaction between FFPs and Idle periods

· The UE should be enabled to stop its CO such that it ends before the CCA of a following UE’s frame in the same channel, if any. 
· HW
· Restricting the UE from transmitting within the idle period of its frame applies to its UL transmissions within the coexisting gNB CO in the same channel.
· HW
· 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. 

· Intel
· 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. 

· Intel
· Further discuss whether UE initiated COT for FBE based on gNB planning and UL transmission during the idle period are supported.
· CATT, Sharp, vivo
· Summary of proposals: Channel access rules

· With respect to channel access procedures, UE/gNB behaviors for gNB initiated COT can be used as the baseline for the UE/gNB behaviors in case of UE initiated COT by exchanging the UE and gNB roles in the procedures.

· E///, Apple, IntDig, Samsung, MTK (Alt-1) 
· For FBE operation, for UE-initiated COT, before the UL transmission, the UE should (MTK): 

· Alt-2: Carry an LBT at both the frame boundaries and immediately before the transmission.  
· Summary of proposals: Explicit indication to UE to initate a COT
· Dynamic indication of whether to allow UE-initiated COT for the next FFP
· QC, E///, LG (FFS UE-Common DCI)  
· Summary of proposals: Implicit indication to UE to initate a COT

· If a UL transmission starting time is aligned with the beginning of the FFP provided UE-initiated COT, a UE upon a successful CCA of 9 us, can transmit.
· E///, Apple

· Summary of proposals: Indication of COT
· A UE can send an indication that it has initiated a COT in an FFP
· IntDig, Sharp.
· Summary of proposals: PRACH in FBE mode
· Clarify required specifications to enable PRACH transmission of idle UE in FBE mode. 
· QC, Sharp

The related proposals are available in Section 5.5 for reference.
Discussion point Issue#1-5: 
	· Q1-5: What is your view on the issues below (as in Proposal summary)? Comments on relation to your view on Q-A/Q-B is welcome.

· Interaction between FFPs and Idle periods

· Channel access rules

· Explicit indication to UE to initate a COT

· Implicit indication to UE to initate a COT

· Indication of COT

· PRACH in FBE mode

· Options for answers to Q1-5

· Describe your preference and reasoning 

	Company
	Options for answers to Q1-5

	Comments

	
	
	

	
	
	


2.6 Issue#1-6: Other FBE related enhancements
Companies have provided inputs for various enhancements of UE-initated COT operations where the list of corresponding proposals are provided in Section 5.6 for reference. 
It is recommended to consider these proposals for discussions, once the basic functionality of UE-initated COT is supported.
3 Harmonizing Rel-16 enhancements for UL configured-grant
This section summarizes companies view with respect to the following objective in the WID:

	· Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:

· Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum




Before presenting an overview of the corresponding proposals, one of the companies (Intel) proposed the following due to potentila lack of clarity of the corresponding objective:

· 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.

· 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.

With respect to this objective in the WID, companies considered the following high level options for URLLC operations in controlled environement in unlicensed bands:

· Summary of proposals: Harmonizing Rel-16 CG for URLLC unlicensed
· Option 1: Operation based on only URLLC CG features
· Ericsson, vivo

· Option 2: Operation based on either URLLC CG features or NR-U CG fearures (NW configurability between two independent operational modes)
· CATT, Ericsson, Huawei, HiSilicon, Intel, DCM, Nokia&NSB, OPPO, Samsung, Sony, Spreadtrum. vivo
· Option 3: Operation based on combined URLLC and NR-U CG features
· Apple, InterDigital, LG, OPPO, Panasonic, Sharp, TCI, ZTE
Discussion point Issue#2-1: 
	· Q2-1: Which option is your preference for the purpose of harmonizing Rel-16 CG for URLLC unlicensed (as in Proposal summary above)? 

· Options for answers to Q2-1

· Option 1

· Option 2

· Option 2

· Other

· Describe your preference and reasoning

	Company
	Options for answers to Q2-1


	Comments

	
	
	

	
	
	


In order to persue any of these options, it is important to ensure that both Rel-16 NR-U CG features and Rel-16 URLLC features are supported in unlicensed band independelty. An overview of the CG features developed/enhanced in Rel-16 can help to identify issues for such a task. For this purpose, Table 1 provides a list of the UL CG features for Rel-16 NR-U and Rel-16 URLLC that can be easily compared with (R1-2005376) . It can be observed that NR-U CG design aims to improve robustness to combat LBT failures while URLLC CG design aims to reduce latency and ensuring high reliability. Most importantly, due to at least always-configured RRC parameters (e.g. cgRetransmissionTimer), URLLC CG fearures can not be independently configured in unlicesneed band,
Therefore, it is recommended to focus frst on the following:

· Ensure URLLC CG Rel-16 features are supported in unlicensed independently of NR-U CG.

After this step, one can discuss which of the three altenatives above is preferred and how can be achieved.

Discussion point Issue#2-2: 
	· Q2-2: Do you agree that the 1st step should be to ensure URLLC CG Rel-16 features are supported in unlicensed independently of NR-U CG?
· Options for answers to Q2-1

· Yes

· No

· Other

· Describe your preference and reasoning

	Company
	Options for answers to Q2-2


	Comments

	
	
	

	
	
	


Table 1: Configured grant (CG) features supported in Rel.16 NR-U and Rel.16 URLLC (R1-2005376)
	CG features
	Rel.16 URLLC
	Rel.16 NR-U

	Multiple CG configurations
	Supported 
	Supported 

	HARQ process number/ ID determination
	Associated with the configured/indicated first TO, calculated based on the equation defined in TS 38.321
	Decide and reported by the UE in CG-UCI

	Management of HARQ process number/ ID among multiple CG configurations
	Not shared between different CG configurations in the same BWP
	Can be shared between different CG configurations in the same BWP

	RV determination 
	One of the three RV sequence can be configured and associated with TO

{0,0,0,0}; {0,3,0,3}; {0,2,3,1}
	Decide and reported by the UE in CG-UCI

	Flexible initial transmission occasion (TO) 
	If the CG is configured with Configuredgrantconfig-StartingfromRV0 set to 'off', the initial transmission only starts at the first TO of the K repetitions; otherwise, the initial transmission TO depends on the configured RV sequence and K repetitions. 
	Multiple consecutive potential TOs are configured by cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16, can start initial transmission at any TOs depending on the LBT results.

	Repetition scheme(s)
	PUSCH repetition Type A and PUSCH repetition Type B
	Similar as PUSCH repetition Type B without supporting segmentation. (no support of cross-slot resource allocation, and if collide with invalid symbol(s), drop the repetition)

	CG-Downlink feedback information (DFI)
	No support. If Re-scheduling UL grant is not received, UE assumes ACK.
	Support, If CG-DFI is not received, UE assumes NACK. 

	CG Re-transmission timer
	No support
	Support and always configured

	CG Re-transmission scheme
	Only support Re-transmission scheduled by UL grant
	Support automatic re-Transmission on the same or different CG configuration decided by UE, and support re-Transmission scheduled by UL grant


In the following, some of the proposals are presented in more details with respect to solutions to achieve Option 2:
· Summary of proposals: Option 2 for harmonizing Rel-16 CG for URLLC unlicensed
· Configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 and Type 2 are configured on unlicensed spectrum. (E///)
· DFI flag in DCI 0_1 is not present if the higher layer parameter (cg-RetransmissionTimer) is not configured. (E///)
· The UE is expected to send CG-UCI in every PUSCH only when the higher layer parameter (cg-RetransmissionTimer) is configured (E///)
· For harmonizing UL CG enhancements in Rel-16, if the higher-layer parameter cg-RetransmissionTimer-r16 is provided in ConfiguredGrantConfig, NR-U CG enhancements shall be adopted, otherwise, URLLC CG enhancements shall be used instead. (HW)
· Further study whether and how to decouple the configuration of cg-RetransmissionTimer and other HARQ procedures for CG-PUSCH, e.g. flexible HARQ Process ID and RV selection by UE.

Discussion point Issue#2-3: 
	· Q2-3: If Option 2 was your preference, what is your solution to achieve that? Do you find any of the proposals above reasonable to achieve that goal? If not, what would be your solution?
· Options for answers to Q2-3

· Describe your preference and reasoning

	Company
	Options for answers to Q2-3


	Comments

	
	
	

	
	
	


In the following, some of the proposals are presented in more details with respect to solutions to achieve Option 3 by combining the features from NR-U and URLLC CG:

· Summary of proposals: Option 3 for harmonizing Rel-16 CG for URLLC unlicensed
· For URLLC in controlled environment, a UE selects the HARQ Process ID by implementation from a configured pool of processes for an initial transmission on a CG, as in NR-U. (IntDig)

· A UE can prioritize transmissions over retransmissions on CG resources. The conditions to do so are FFS. (IntDig)

· PHY prioritization of HARQ-ACKs introduced in Rel-16 is supported also with NR-U CG. Interaction of CG-UCI and HARQ-ACK codebooks of different priorities is FFS. (NOK)

· If the same CG operation as licensed band is supported in unlicensed band, it would be useful that at least functions relate to autonomous retransmission on CG and COT sharing are separately enabled/disabled by the configuration. (QC)

· For multiple active configured grant configurations, whether/how to support simultaneous preparations of multiple CG-PUSCHs in different RB sets needs to be discussed (QC)

· Support joint DFI indication for multiple CG configurations (Sharp)

· CG-UCI is always transmitted even when the CG PUSCH is being transmitted over a licensed carrier (TCL)
· For URLLC over unlicensed band, the retransmission mechanism of CG-PUSCH in NR-U can be reused (ZTE)

· Support PUSCH repetition Type B for URLLC operation in unlicensed band (ETRI, LG, NOK, QC, Samsung, Song, ZTE)

Corresponding proposals are provided in Section 5.7 for reference. 
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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. 

R1-2006316
LG Electronics
Discussion on unlicensed band URLLC IIOT
Proposal #2: Consider configuration of unaligned FFP timing between the FFP stating with gNB-initiated COT and the FFP starting with UE-initiated COT.

R1-2006247
Nokia, Nokia Shanghai Bell
On UL Enhancements for IIoT URLLC in Unlicensed Controlled Environment
Proposal 6: At least the duration of the UE FFP can be different from the duration of the gNB FFP. FFS whether the UE FFP duration is explicitly configured, or implicitly determined based on other configurations such as RACH configuration, UL CG configuration, etc. 

R1-2005571
Sony
Enhancements for unlicensed band URLLC IIoT
Proposal 1: Support configurations of different Fixed Frame Period between UE-initiated COT and gNB-initiated COT.

R1-2005376
vivo
Enhancements for unlicensed band URLLC IIoT
Proposal 2: It is beneficial to support asynchronized FFPs since it provides more transmission chances for gNB and UE

Proposal 3: Different FFP length can be considered for gNB and UE.

5.2 Issue#1-2 related proposals

R1-2006516
Apple
URLLC uplink enhancements for unlicensed spectrum
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.

R1-2005736
Beijing Xiaomi Software Tech
UL transmission for URLLC on unlicensed band
Proposal 1: FFP parameters/UL channels should be configured/indicated by gNB for a UE initiated COT for FBE.

Proposal 2: FFP parameters for UE initiated COT should be flexibly configured by gNB, and both UE dedicated configured or cell common configured should be considered.

R1-2005515
Ericsson
Enhancements for IIoT URLLC on Unlicensed Band
Proposal 2 FFP for UE initiated COT can be provided to the UE by SIB or dedicated RRC configuration.

R1-2006247
Nokia, Nokia Shanghai Bell
On UL Enhancements for IIoT URLLC in Unlicensed Controlled Environment
Proposal 7: Support flexible determination of the start the UE FFP by the UE based on gNB configuration.

Proposal 9: A UE should be able to determine exclusively from information in the scheduling DCI, whether a scheduled PUSCH transmission should be transmitted according to shared gNB COT or UE-initiated COT. 

R1-2006801
Qualcomm Incorporated
Uplink enhancements for URLLC in unlicensed controlled environments
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

R1-2006141
Samsung
Enhancements for unlicensed band URLLC IIoT
Proposal 1: gNB can configure FFP parameters for UE-initiated COT by RMSI or UE-specific RRC signaling.  

R1-2006277
Spreadtrum Communications
Discussion on enhancements for unlicensed band URLLC IIoT
Proposal 1: Regarding the period of UE-initiated COT (Tx_UE), it can be separately configured by higher layer singling

Proposal 2: The starting positions are given by the FFP.

Proposal 3: Configure the un-overlapped COTs that are initiated by gNB and UE.

R1-2006888
WILUS Inc.
Discussion on enhancement for unlicensed URLLC IIoT
Proposal 1: For Rel-17, regarding the signaling for FBE operation when a UE operates an initiating device, it should be supported that a gNB provides UE(s) with high layer signaling by SIB1 or dedicated configuration as like that of signaling a gNB-initiated COT in Rel-16 NR-U.

index.

5.3 Issue#1-3 related proposals

R1-2006516
Apple
URLLC uplink enhancements for unlicensed spectrum
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.

R1-2005736
Beijing Xiaomi Software Tech
UL transmission for URLLC on unlicensed band
Proposal 3: Configuring periodical UL channels, such as CG-PUSCH, at the beginning of FFP, will facilitate UE to initiate a COT successfully.

R1-2006072
InterDigital, Inc.
Enhancements for unlicensed band URLLC IIoT
Proposal 1: UEs can initiate COTs in FBE to use configured UL resources (CG, PRACH, PUCCH).

R1-2005931
Lenovo, Motorola Mobility
Enhancements for unlicensed band URLLC IIoT
Proposal 1: For supporting URLLC in unlicensed band, only UEs with high priority data/control can be allowed to initiate a COT for FBE.

R1-2005635
MediaTek Inc.
On the enhancements for unlicensed band URLLC IIoT
Proposal 1: For FBE operation, UE-initiated COT is used for connected mode only. RACH transmission to use a gNB initiated COT in FBE.

R1-2006247
Nokia, Nokia Shanghai Bell
On UL Enhancements for IIoT URLLC in Unlicensed Controlled Environment
Proposal 8: No restrictions to UE FFP configuration based on gNB FFP configuration are introduced other than what is already specified in TS 37.213 regarding UL transmissions within the idle period of the gNB FFP.

R1-2006801
Qualcomm Incorporated
Uplink enhancements for URLLC in unlicensed controlled environments
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

R1-2006888
WILUS Inc.
Discussion on enhancement for unlicensed URLLC IIoT
Proposal 2: It should be further discussed whether or not it can be allowed to support UE-initiated COT using scheduled channels and signals under the channel access mode for FBE operation.

Proposal 3: It should be further discussed on collision issue of UL transmission within a channel occupancy of initiated COTs by multiple UEs.

5.4 Issue#1-4 related proposals

R1-2005736
Beijing Xiaomi Software Tech
UL transmission for URLLC on unlicensed band
Proposal 5: gNB initiated COT sharing can be exploited to enable transmission of UL channels outside UE initiated COTs.

R1-2006651
Charter Communications
Considerations for unlicensed IIoT
Proposal 2: A UE-initiated CO in semi-static channel access can be shared with the gNB.

R1-2005515
Ericsson
Enhancements for IIoT URLLC on Unlicensed Band
Proposal 3 With respect to channel access procedures, UE/gNB behaviors for gNB initiated COT can be used as the baseline for the UE/gNB behaviors in case of UE initiated COT by exchanging the UE and gNB roles in the procedures.

R1-2006801
Qualcomm Incorporated
Uplink enhancements for URLLC in unlicensed controlled environments
Proposal4: UE can share its initiated COT to gNB.

R1-2005571
Sony
Enhancements for unlicensed band URLLC IIoT
Proposal 2: UE-to-gNB COT sharing in FBE should be supported.

R1-2005433
ZTE
Discussion on unlicensed band URLLC IIoT
Proposal 1: gNB and UE can perform some transmission during the current channel occupancy time by sharing COT when the channel sensed to be busy.

Proposal 2: For gNB sharing the UE-initiated COT, the case when the gap between the DL and DL transmission bursts is more than 16us should be considered.

5.5 Issue#1-5 related proposals

R1-2006516
Apple
URLLC uplink enhancements for unlicensed spectrum
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

R1-2005703
CATT
Enhancements for unlicensed band URLLC IIoT
Proposal 1: Further discuss whether UE initiated COT for FBE based on gNB planning and UL transmission during the idle period are supported.

R1-2005515
Ericsson
Enhancements for IIoT URLLC on Unlicensed Band
Proposal 3 With respect to channel access procedures, UE/gNB behaviors for gNB initiated COT can be used as the baseline for the UE/gNB behaviors in case of UE initiated COT by exchanging the UE and gNB roles in the procedures.

Proposal 4 If a UL transmission starting time is aligned with the beginning of the FFP provided UE-initiated COT, a UE upon a successful CCA of 9 us, can transmit.

Proposal 5 Support both Implicit and explicit indications of the channel access

R1-2006316
LG Electronics
Discussion on unlicensed band URLLC IIOT
Proposal #3: Consider dynamic indication of whether to allow UE-initiated COT for the next FFP, based on the transmission of an UE-common DCI

R1-2006929
Huawei, HiSilicon
Uplink enhancements for URLLC in unlicensed controlled environments
Proposal 3: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be enabled to stop its CO such that it ends before the CCA of a following UE’s frame in the same channel, if any.

Proposal 4: For UE-initiated semi-static CO in a given unlicensed channel, restricting the UE from transmitting within the idle period of its frame applies to its UL transmissions within the coexisting gNB CO in the same channel.

R1-2005871
Intel Corporation
Uplink enhancements for URLLC operating in unlicensed spectrum
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.

R1-2006072
InterDigital, Inc.
Enhancements for unlicensed band URLLC IIoT
Proposal 2: A UE can initiate a COT in an FFP for a transmission occurring later in the FFP.

Proposal 3: A UE can send an indication that it has initiated a COT in an FFP.

R1-2005635
MediaTek Inc.
On the enhancements for unlicensed band URLLC IIoT
Proposal 3: For FBE operation, for UE-initiated COT, before the UL transmission, the UE should: 

Alt-1: Carry an LBT at the frame boundaries of a dedicated FFP

Alt-2: Carry an LBT at both the frame boundaries and immediately before the transmission.  

R1-2006801
Qualcomm Incorporated
Uplink enhancements for URLLC in unlicensed controlled environments
Proposal 2: Study how to transmit PRACH 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

R1-2006141
Samsung
Enhancements for unlicensed band URLLC IIoT
Proposal 2: A UE can transmit UL signals within its COT after UE finishes LBT before the start of COT, and shares its COT to gNB. gNB may transmit DL transmission within a UE-initiated COT after detection of UL signal from the UE.

R1-2006574
Sharp
Potential enhancements for unlicensed band URLLC IIoT
Proposal 1: Clarify required specifications to enable PRACH transmission of idle UE in FBE mode.

Proposal 2: Clarify whether to indicate COT duration in FBE mode.

Proposal 3: Clarify how to determine the idle period for UE-initiated COT in FBE mode.

5.6 Issue#1-6 related proposals
R1-2006516
Apple
URLLC uplink enhancements for unlicensed spectrum
Proposal 1-5: Consider supporting the configuration of a priority level restriction for PUSCH, SR, HARQ-ACK for triggering UE-initiated COT.

R1-2005736
Beijing Xiaomi Software Tech
UL transmission for URLLC on unlicensed band
Proposal 4: To guarantee continuous channel occupation, padding signals may be needed to fill the gaps between multiple UL channels in a UE initiated COT

R1-2005703
CATT
Enhancements for unlicensed band URLLC IIoT
Proposal 1: Further discuss whether UE initiated COT for FBE based on gNB planning and UL transmission during the idle period are supported.

R1-2006356
ETRI
Discussion on enhancements for URLLC in unlicensed bands
Proposal 2: Discuss necessity of simultaneous configuration of DL FFP and UL FFP in a serving cell.

R1-2006316
LG Electronics
Discussion on unlicensed band URLLC IIOT
Proposal #1: Consider gNB-controlled UE-initiated COT mechanisms for FBE based U-band environments, in order to avoid potential collision/blocking between UE’s UL transmission and gNB’s essential DL transmission

R1-2005931
Lenovo, Motorola Mobility
Enhancements for unlicensed band URLLC IIoT
Proposal 2: For the case of UE-initiated COT with configured grant PUSCH transmission, the number of repetitions applied to a transport block at the beginning of the acquired FFP is less than the number of repetitions associated with PUSCH transmissions of the configured grant (in transmission occasions other than those of the beginning of the acquired FFP).

Proposal 3: For the case of UE-initiated COT with configured grant PUSCH transmission, the transmit power at the beginning of the acquired FFP can be higher than the transmit power associated with PUSCH transmissions of the configured grant (in transmission occasions other than those of the beginning of the acquired FFP).

Proposal 4: For the case of UE-initiated COT with configured grant PUSCH transmission, solutions should be considered to avoid LBT before a high priority UL transmission at the beginning of the acquired FFP. 

R1-2005635
MediaTek Inc.
On the enhancements for unlicensed band URLLC IIoT
Proposal 2: For FBE operation, for UE-initiated COT, the UE is explicitly signalled or implicitly determines a second fixed frame period which could be the same or different from the fixed frame period used by the gNB.

R1-2006730
NTT DOCOMO, INC.
Discussion on enhancements for unlicensed band URLLC
Proposal 1: Study the solution to initiate COT when no node initiates COT at the beginning of FFP

R1-2006060
OPPO
Enhancement for unlicensed band URLLC IIoT
Proposal 1: UE-initiated COT for FBE should be supported with minimum specification effort.

R1-2006344
Panasonic Corporation
Enhancements for unlicensed band URLLC IIoT
Proposal 1: Multiple starting time offset for configured grant can be reused to support UE-initiated COT.

Proposal 2: If DG-PUSCH is used for UE-initiated COT together with CG-PUSCH, CP extension for multiple starting time offset as in CG-PUSCH is also supported for DG-PUSCH.

R1-2006801
Qualcomm Incorporated
Uplink enhancements for URLLC in unlicensed controlled environments
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.

R1-2006574
Sharp
Potential enhancements for unlicensed band URLLC IIoT
Proposal 4: Identify required enhancements to implement higher level autonomous UL transmission.

R1-2005768
TCL Communication Ltd.
Enhancements for unlicensed band URLLC IIoT
Proposal 2: It is proposed to further investigate the scenario when DL symbols occur in the middle of an UL scheduled resource.

R1-2005376
vivo
Enhancements for unlicensed band URLLC IIoT
Proposal 1: It is beneficial to enable UE as an initiating device for FBE operation.
R1-2005433
ZTE
Discussion on unlicensed band URLLC IIoT
Proposal 2: For gNB sharing the UE-initiated COT, the case when the gap between the DL and DL transmission bursts is more than 16us should be considered.

5.7 Issue#2 related proposals

R1-2006516
Apple
URLLC uplink enhancements for unlicensed spectrum
Proposal 2-1: Consider enhanced CG-UCI on unlicensed spectrum to allow the UE to autonomously adapt certain transmission parameters such as MCS.

R1-2005703
CATT
Enhancements for unlicensed band URLLC IIoT
Proposal 2:  Consider CG PUSCH mechanism in NR-U or URLLC CG mechanism in licensed band as baseline with potential enhancements to be applicable for unlicensed spectrum.

R1-2005515
Ericsson
Enhancements for IIoT URLLC on Unlicensed Band
Proposal 6 Configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 and Type 2 are configured on unlicensed spectrum.

Proposal 7 DFI flag in DCI 0_1 is not present if the higher layer parameter (cg-RetransmissionTimer) is not configured

Proposal 8 The UE is expected to send CG-UCI in every PUSCH only when the higher layer parameter (cg-RetransmissionTimer) is configured

R1-2006356
ETRI
Discussion on enhancements for URLLC in unlicensed bands
Proposal 3: Enhance the PUSCH repetition type B for URLLC-U operation.

Proposal 4: In FBE, for PUSCH mapping type B, the idle symbols are regarded as invalid symbols.

R1-2006929
Huawei, HiSilicon
Uplink enhancements for URLLC in unlicensed controlled environments
Proposal 5: For harmonizing UL CG enhancements in Rel-16, if the higher-layer parameter cg-RetransmissionTimer-r16 is provided in ConfiguredGrantConfig, NR-U CG enhancements shall be adopted, otherwise, URLLC CG enhancements shall be used instead. 

R1-2005871
Intel Corporation
Uplink enhancements for URLLC operating in unlicensed spectrum
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.

R1-2006072
InterDigital, Inc.
Enhancements for unlicensed band URLLC IIoT
Proposal 4: For URLLC in controlled environment, a UE selects the HARQ Process ID by implementation from a configured pool of processes for an initial transmission on a CG, as in NR-U.

Proposal 5: A UE can prioritize transmissions over retransmissions on CG resources. The conditions to do so are FFS.

R1-2006316
LG Electronics
Discussion on unlicensed band URLLC IIOT
Proposal #4: Consider new equation for determining HARQ process ID (e.g., based on NR-U CG resource allocation) in order to support multiple TB transmission per period.

Proposal #5: Consider to adopt PUSCH repetition type B for NR-U CG resource allocation to support flexible resource allocation. 

Proposal #6: Consider to handle the orphan symbol created after segmentation under some condition in unlicensed band to avoid unnecessary LBT/CAP procedure.

R1-2006730
NTT DOCOMO, INC.
Discussion on enhancements for unlicensed band URLLC
Proposal 2: Support CG-PUSCH with/without CG-DFI or CG-UCI by configuration in unlicensed band

R1-2006247
Nokia, Nokia Shanghai Bell
On UL Enhancements for IIoT URLLC in Unlicensed Controlled Environment
Proposal 1: Two operation modes can be considered independently; NR IIoT Rel-16 based CG with NR based HARQ procedure and without CG-UCI, and NR-U based CG including CG-UCI and possibility of UE COT sharing.

Proposal 2: PUSCH repetitions type-B should be supported for unlicensed band operation when using NR IIoT Rel-16 based CG, without NR-U specific enhancements. FFS: required spec changes, if any. 

Proposal 3: The use of PUSCH repetition type-B together with NR-U based multi-slot allocations should not be considered.

Proposal 4: Frequency hopping can be considered for UL resource allocation type 2 in case of wideband (>20 MHz) operation.

Proposal 5: PHY prioritization of HARQ-ACKs introduced in Rel-16 is supported also with NR-U CG. Interaction of CG-UCI and HARQ-ACK codebooks of different priorities is FFS.
R1-2006060
OPPO
Enhancement for unlicensed band URLLC IIoT
Proposal 2: It is necessary to harmonize NR-U configured grant and NR configured grant.

Proposal 3:  Both option 1 and option 2 can be studied to harmonize NR-U configured grant and NR configured grant.

· Option 1: NR-U CG mode and NR CG mode can be configured for each configured grant
· Option 2: Enhanced configured grant combining features in NR-U and NR configured grant
R1-2006344
Panasonic Corporation
Enhancements for unlicensed band URLLC IIoT
Proposal 3: If the same CG operation as licensed band is supported in unlicensed band, it would be useful that at least functions relate to autonomous retransmission on CG and COT sharing are separately enabled/disabled by the configuration. 

Proposal 4: For multiple active configured grant configurations, whether/how to support simultaneous preparations of multiple CG-PUSCHs in different RB sets needs to be discussed.

R1-2006801
Qualcomm Incorporated
Uplink enhancements for URLLC in unlicensed controlled environments
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.

R1-2006141
Samsung
Enhancements for unlicensed band URLLC IIoT
Proposal 3: Support configurable cg-RetransmissionTimer to avoid unnecessary autonomous retransmission for CG-PUSCH. Further study whether and how to decouple the configuration of cg-RetransmissionTimer and other HARQ procedures for CG-PUSCH, e.g. flexible HARQ Process ID and RV selection by UE.  

Proposal 4: Further study how to support Type-B PUSCH repetition over unlicensed band.  

R1-2006574
Sharp
Potential enhancements for unlicensed band URLLC IIoT
Proposal 5: Support joint DFI indication for multiple CG configurations.

Proposal 6: Support DFI indication in DCI format 0_2.

Proposal 7: Support configuration of multiple UL transmission opportunities in frequency domain.

R1-2005571
Sony
Enhancements for unlicensed band URLLC IIoT
Proposal 3: Configurability of the NR-U CG feature (e.g. CG-DFI and CG-UCI) should be considered in an unlicensed controlled environment.

Proposal 4: URLLC CG features (e.g. L1 priority and Type B PUSCH repetition) should be supported in unlicensed operation.

R1-2006277
Spreadtrum Communications
Discussion on enhancements for unlicensed band URLLC IIoT
Proposal 4: Reuse the existing parameter or introduce a new parameter to configure NR-U UL CG enhancements or URLLC UL CG enhancements that can be used by a UE

R1-2005768
TCL Communication Ltd.
Enhancements for unlicensed band URLLC IIoT
Proposal 1: CG-UCI is always transmitted even when the CG PUSCH is being transmitted over a licensed carrier.

Proposal 3: For CG transmission, if dynamic SFI is configured but the UE cannot decode dynamic SFI, semi-static flexible symbols in the scheduled resource are used for PUSCH.

Proposal 4: The TDRA table is extended with the indication of number of repetitions. Each TB is indicated by a SLIV and number of repetitions. A SLIV only corresponds to one TB and not to PUSCH repetition of a TB.

Proposal 5: The number of entries in the new TDRA table increases based on the number of the scheduled TBs, the maximum allowed number of repetitions for each TB, the number of bits in TDRA field of DCI.
R1-2006888
WILUS Inc.
Discussion on enhancement for unlicensed URLLC IIoT
Proposal 4: It should be further discussed whether or not to possibly transmit configured-grant PUSCH with repetition at candidate SS/PBCH block positions with same SS/PBCH block index after the detection of the SS/PBCH block

R1-2005433
ZTE
Discussion on unlicensed band URLLC IIoT
Proposal 3: For CG PUSCH, the repetition pattern for URLLC over unlicensed band is determined as follows.

The starting symbol of the first repetition, the duration of a repetition and the ending symbol of last repetition is determined by NR-U rules.

Back-to-back repetitions with segmentation across the slot boundary or invalid symbols is supported as in Rel-16 URLLC.

Proposal 4: For CG PUSCH, it is configurable to enable or disable the feature of starting the initial transmission at the last repetition when K≥8.

Proposal 5: For URLLC over unlicensed band, CG-UCI is transmitted per actual repetition.

Proposal 6: For URLLC over unlicensed band, the interaction with DL/UL directions for Type 1 CG PUSCH and Type 2 CG PUSCH without the first PUSCH (including all the repetitions) is determined as follows.

If dynamic SFI is not received and not provided EnableConfiguredUL-r16, the actual repetition is not transmitted if it conflicts with a semi-static flexible symbol. 

If dynamic SFI is not received but provided EnableConfiguredUL-r16, the actual repetition can be transmitted.

Proposal 7:  For URLLC over unlicensed band, the retransmission mechanism of CG-PUSCH in NR-U can be reused.

R1-2005376
vivo
Enhancements for unlicensed band URLLC IIoT
Proposal 4: Option 1 or option 2 is preferred to support UL CG for URLLC in unlicensed band.

· Option 1: only support URLLC CG mechanism in unlicensed band.
· Option 2: NW can decide to use either URLLC CG mechanism or NR-U CG mechanism in unlicensed band.  

· Option 3: feature-by-feature discussion or combination of some features from NR-U and URLLC CG mechanism. 
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