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Introduction 
This contribution summarizes companies’ views on AI 7.2.2.4.4 ‘Potential enhancements to configured grants’ submitted to TSG RAN WG1 Meeting #94. The followings were notes made while drafting this summary:
· It was attempted to capture each company’s view fairly.
· In some contributions, the proposals are not directly expressed. Therefore, in some cases, a company’s view was interpreted from the context. Thus, it is suggested that each company reviews this document and validate their view.
· For issues that sufficient number of companies present their view or non-controversial issues, it was attempted to directly suggest a proposal for discussion. 
In the following, past relevant agreements are listed for reference:
RAN1 #92bis [1]:
Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

RAN1 #93 [2]:
Agreement:
· The following modifications to the configured grant procedures are beneficial
· Removing dependencies of HARQ process information to the timing
· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID
· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission
· Increased flexibility on time domain resource allocation for the configured grant transmissions
· Supporting retransmissions without explicit UL grant

Baseline design
Rel-15 LTE FeLAA AUL
[bookmark: _GoBack]
Background: Rel-15 LTE FeLAA WI defined autonomous UL access feature. The objective of enhancing configured grant mechanism for NR-unlicensed is not different from Rel-15 LTE FeLAA AUL.

	Company(s)
	View/position

	Oppo 
	Reuse FeLAA AUL-PUSCH transmission procedure as much as possible for NR-U CG transmission.

	NEC
	Rel-15 AUL can be introduced as the baseline of NR-U.

	Nokia
	UL transmissions with configured grants should use channel access procedure defined in LTE WI “Enhancements to LTE operation in unlicensed spectrum” as a baseline. 

	Vivo
	Not sure the necessity of this proposal. We need to design based on Rel-15 NR configured grant and see which part of AUL can be reused here. It is too early to conclude now. 



Suggestion: It is expected that many design features of Rel-15 LTE FeLAA AUL could be reused for NR-unlicensed configured grant mechanism to avoid unnecessary duplicated discussions. Therefore, the following proposal is suggested for discussion.
Proposal: 
· Rel-15 LTE FeLAA AUL framework is adopted as baseline for NR-unlicensed configured grant mechanism at least for channel access procedure.
· Further enhancements are not precluded.
Type 1 vs. Type 2

Background: 
Rel. 15 NR supports the following two types of configured grant transmissions: 
· Type 1: based on RRC configuration
· Type 2: based on RRC configuration + L1 activation and deactivation
Discussion on Type 1:
· UE can start grant-free transmission as soon as it is RRC configured without waiting to be activated via L1 activation message. 
· Type 1, no LBT is required for the transmission of an L1 (re-)activation/de-activation signal and a respective MAC CE response.
· An NR-U mechanism for transmission with configured grant based on NR Type 1 would be less susceptible to blocking of configuration signalling in the unlicensed spectrum and would incur less complexity and energy consumption compared to a Type 2-based mechanism. 
Discussion on Type 2:
· More flexibility in configuration as time/frequency domain resource allocation, UE-specific DMRS configuration, MCS/TBS are configured via DCI. 
· More controllability with Type 2 in managing the set of autonomous UEs.
· Fast link adaptation via activation DCI.
	Company(s)
	View/position

	Convida Wireless
	Support both Type-1 and Type-2

	Huawei
	Support both Type-1 and Type-2 [Need to be confirmed]

	Intel
	Type-2

	MediaTek
	Support both Type-1 and Type-2

	Samsung
	Type-2

	Sony
	Support both Type-1 and Type-2 [Need to be confirmed]

	Spreadtrum
	Type-2

	Vivo
	Both type-1 and type-2 can be considered unless there is clear motivation to exclude one. 



Suggestion: It is observed that there is no company objecting to support Type-2 configured grant mechanism for NR-unlicensed, while the views are split on Type-1 configured grant mechanism. Accordingly, the following proposal is suggested for discussion. 
Proposal:
One of the following alternatives is to be selected:
· Alt. 1) Rel-15 NR Type-2 configured grant mechanism is the baseline for NR-unlicensed configured grant.
· Further enhancements are not precluded.
· Alt. 2) Both Rel-15 NR Type-1 and Type-2 configured grant mechanism are supported for NR-unlicensed.
· Further enhancements are not precluded.
Resource configuration
Time domain resource configuration

Background: In RAN1 #93, it was agreed that increased flexibility on time domain resource allocation for the configured grant transmissions is beneficial. 

	Company(s)
	View/position

	Convida Wireless
	Bitmap based configuration

	Ericsson
	Bitmap based configuration

	Intel
	Bitmap based configuration or enhancement of Rel-15 NR configuration

	Oppo
	Enhancements to FeLAA time domain resource allocation [interpreted as bitmap based configuration; Need confirmation]

	LG
	Bitmap based configuration

	Samsung
	Either periodic or bitmap

	Vivo
	An allowed transmission window can be configured periodically. Not necessary bitmap.

	TCL
	A periodic configuration based upon bitmap.



Suggestion: Given the majority view, the following proposal is suggested for discussion. 
Proposal: 
· Time domain resource allocation for NR-unlicensed configured grant transmission is indicated to UE via an RRC-configured bitmap.
Support of multiple candidate resource configurations

Background: Due to LBT, configured resource may not be available for transmission. Provisioning of multiple candidate resource configuration might be helpful to cope with LBT. 

	Company(s)
	View/position

	Huawei
	Multiple resource configurations per cell per UE are supported.

	InterDigital
	NR-U to consider multiple configured grant configurations for each UE.

	vivo
	For NR-U UL configured grant, multiple resource configurations are supported per BWP.

	ZTE
	Multiple candidate time domain and/or frequency domain transmission opportunities can be configured for configured grant.



Suggestion: Given that multiple companies shared the same view, the following proposal is suggested for discussion. 
Proposal: 
· It is identified that allowing multiple candidate resource configurations for NR-unlicensed configured grant transmission can be beneficial.

Others

	Company(s)
	View/position

	Ericsson
	· For NR-U configured UL, timeDomainAllocation is interpreted as following
· S: start symbol of the first slot in a configured UL burst 
· L: length of the last slot in a configured UL burst. 
· NR-U configured UL should support indication of mini-slot pattern applied within a configured UL enabled slot.



Suggestion: To be further discussed. 
HARQ enhancement
Selection of HARQ process ID 

Background: In Rel-15 NR, HARQ process ID for configured grant transmission is determined based on the symbol index of the first transmission occasion of repetition bundle that takes place. On the other hand, in RAN1 #93, it was agreed to introduce UCI on PUSCH to carry HARQ process ID, NDI, RVID. With that agreement, it can be understood that implicitly it was already agreed that HARQ process ID is selected by UE and indicated to gNB. 

	Company(s)
	View/position

	Ericsson
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	Huawei
	In addition to introducing LTE-AUL UCI, other HARQ ID determination procedures based on configured grant parameters can be considered for transmission with configured grant in NR-U.

	Intel
	UE selects the HARQ process ID

	MediaTek
	A new UCI can be introduced to indicate the HARQ parameters selected by UE and transmitted together with every GUL transmission.

	Sony
	UE should select an ID from the higher layer configured HARQ process ID pool in regardless of the resource that it will use for the configured grant transmission.

	vivo
	HARQ ID is determined by UE, and the UCI for NR-U UL configured grant indicating the HARQ ID is transmitted together with data.



Suggestion: Majority companies’ views are such that UE selects HARQ process ID from the configured set, while Huawei also considers other option such as deterministic HARQ process ID selection based on the frequency interlace and/or the DMRS cyclic shift. Given the majority preference, the following proposal is suggested for discussion. 
Proposal:
UE selects the HARQ process ID from the RRC configured set of HARQ IDs for NR-unlicensed configured grant transmission. 
CBG based transmission 

Background: Rel-15 NR supports CBG based HARQ ACK feedback and retransmission. 
	Company(s)
	View/position

	InterDigital
	NR-U to study whether CBG level HARQ ACK should be supported.

	LG
	Adopt CBG based transmission for CGU considering how to configure control information such as CGU-DFI and CGU-UCI.

	Qualcomm
	CBG based transmission should be considered in NR-U AUL.

	Spreadtrum
	CBG based (re)transmission should be supported for NR-U configured grant transmission and its enhancements should be further studied.



Suggestion: It is understood that Rel-15 NR features will be inherited to Rel-16 NR-unlicensed by default unless otherwise explicitly excluded. However, given that multiple companies want to confirm the support of CBG based HARQ ACK feedback and retransmission, the following proposal is suggested for discussion. 
Proposal:
· Rel-15 NR CBG based HARQ ACK feedback and retransmission are supported for Rel-16 NR-unlicensed configured grant. 
· Further enhancements are not precluded. 
Others 

	Company(s)
	View/position

	MediaTek
	Asynchronous HARQ operation can be considered for NR-U configured grant.



Suggestion: No need to agree as asynchronous HARQ is baseline for NR. 
UCI and DFI
UCI 

Background: In RAN1 #93, it was identified beneficial to introduce UCI on PUSCH to carry HARQ process ID, NDI, RVID. 

	Company(s)
	View/position

	Intel
	· A UE performing grant-free transmission indicates in the grant-free UCI at least the following information: the HARQ process ID used, its own UE-ID, NDI, PUSCH duration and COT sharing information.
· The grant-free UCI is scrambled with a cell-specific RNTI.

	InterDigital
	· NR-U should adopt UCI transmission for configured grant, which at least carries the relevant attributes such as UE ID and HARQ-related information.
· NR-U should investigate ways to transmit UCI for configured grant with high reliability and low collision probability.

	LG
	Study how to map CGU-UCI on CGU PUSCH considering multiple starting/ending positions for CGU PUSCH and multiplexing with NR-UCI (including HARQ-ACK, CSI part 1, and CSI part 2).

	Samsung
	Potential enhancements on DFI and new UCI considering NR new features should be studied for NR-U.

	vivo
	· For NR-U UL configured grant, UCI is transmitted together with data, and the content of UCI can include at least HARQ ID, NDI, RV, resource index
· FFS other control information
· For NR-U UL configured grant, UCI is mapped on the resource of the actual transmission occasion following the mapping rule in Rel.15.
· NR-U UCI for configured grant is mapped to the REs after the symbols carrying DMRS in the transmitted PUSCH.



Suggestion: As the introduction of UCI to carry HARQ process ID, NDI, and RVID was already agreed to be beneficial in RAN1 #93, it is not needed to agree again on the introduction itself. Additional information that can be carried in the UCI can be further discussed together with the UCI mapping details. Therefore, the following proposal is suggested for further discussion. 
Proposal:
· The grant-free UCI for NR-unlicensed configured grant transmission includes at least HARQ related information (i.e., HARQ process ID, NDI, RVID), UE ID, PUSCH duration, and COT sharing information.
· Note: HARQ related information (i.e., HARQ process ID, NDI, RVID) was already agreed to be included in UCI in RAN1 #93.
· FFS: Other information
· FFS: UCI mapping
DFI

Background: In RAN1 #93, it was identified beneficial to introduce DFI including HARQ feedback for configured grant transmission. 

	Company(s)
	View/position

	InterDigital
	NR-U to study whether DFI may include pending feedback for prior configured grant transmissions from the same UE.

	LG
	Consider the flexible timing relationship between CGU PUSCH and CGU-DFI.

	MediaTek
	It would be beneficial to introduce a mechanism similar to AUL-DFI for configured grant in NR-U.

	Samsung
	Potential enhancements on DFI and new UCI considering NR new features should be studied for NR-U

	ZTE
	A method for decreasing the LBT impact on DFI and the CS-RNTI scrambled DCI transmission should be further studied.



Suggestion: Based on the companies’ proposals, it is suggested to discuss the following proposal for discussion. 
Proposal:
· It is identified beneficial to support flexible timing between NR-unlicensed configured grant PUSCH transmission and the corresponding DFI transmission. 
· It is identified beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE. 
· FFS: DFI to include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.
Retransmissions
Retransmission via configured grant procedure

	Company(s)
	View/position

	InterDigital
	In case of a configured grant transmission failure, it is beneficial if further retransmission on configured grant resources is allowed.



Suggestion: It may be that majority of companies assume that the retransmission via configured grant mechanism is supported for a HARQ process that was initially transmitted via configured grant. Thus, although not many companies have showed their views, it may be beneficial to discuss the following proposal.
Proposal:
· Retransmission via configured grant is supported for a HARQ process that was initially transmitted via configured grant. 
· Retransmission via scheduling grant is supported for a HARQ process that was initially transmitted via configured grant. 
Mechanisms to initiate retransmission

Background: This is regarding the mechanisms to initiate retransmission of the transmissions that were initially transmitted via configured grant mechanism for NR-unlicensed. When DFI is received, the UE knows the results of transmission, i.e., no ambiguity. However, it is also possible that the DFI is not received due to failed decoding at the gNB or DFI transmission failure due to LBT. In these cases, the UE is indecisive. Several companies proposed timer based solution to handle such situations. It is noted that in Rel-15 NR configured grant mechanism, UE assumes ACK for the associated HARQ ID upon the expiration of configuredGrantTimer. 

	Company(s)
	View/position

	Ericsson
	A timer starts when a TB is transmitted, and if no ACK is received before the timer expires the UE assumes NACK and performs non-adaptive retransmission. The gNB may trigger an adaptive retransmission using a dynamic grant indicating same HARQ process ID, and NDI non-toggled. UE may autonomously retransmit after the reception of NACK feedback via the NR-DFI for explicit AUL HARQ feedback

	Intel
	Retransmission is triggered by either the reception of a NACK for that specific HARQ process ID or upon expiration of a timer. 

	Huawei
	Retransmission based on dynamic UL grant and explicit HARQ-ACK feedback should be supported in NR-U. 

	vivo
	· Option 1: UL grant is used for scheduling retransmission and UE assumes ACK unless UL grant is received
· Option 2: Specific signalling is used for ACK/NACK feedback and UE assumes NACK unless explicit ACK is received



Suggestion: Based on the companies’ proposals, it is suggested to discuss the following proposal for discussion. 
Proposal:
· UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· No reception of feedback from gNB upon the timer expiration.
· FFS: To introduce a new timer or reuse configuredGrantTimer.  
Support of repetition via RV cycling

Background: 
In Rel-15 NR, UE can be configured with repetition factor K = {1,2,4,8} with RV cycling applied on top of repetitions. Three RV cycling sequences are supported (particular sequence is configured by RRC): {0,2,3,1}, {0,3}, {0}. There are proposals assuming the support of repetition, e.g., Convida.

	Company(s)
	View/position

	Condiva
	NR-U may consider ways to limit the overhead due to AUL-UCI, especially when transmission occurs in repetitions within a bundle.

	InterDigital
	· NR-U to study the K-repetition procedure of configured grant transmission and possibly update the relevant attributes for NR-U use cases.
· NR-U to study the best practice for K-repetition procedure when a few last repetitions may be outside of a COT.

	Sony
	Study the benefits to support repetition for NR-U configured grant.  



Suggestion: It is noted that not many companies showed their view on this issue. Also, the views are split. It is thus suggested to discuss when more inputs are available. 
Channel access related
COT sharing

Background: Rel-15 LTE FeLAA AUL allowed both DL-UL and UL-DL COT sharing. To be more specific,
· AUL-UCI contains COT sharing indication.
· C-PDCCH indicates enabling or disabling of AUL transmissions within an eNB shared COT.

	Company(s)
	View/position

	Huawei 
	MCOT sharing is supported for transmission with configured grant in NR-U (for both gNB sharing UE-acquired MCOT and UE sharing gNB-acquired MCOT).

	Nokia
	Further enhancements to COT sharing could be considered in WI phase.

	Qualcomm
	· MCoT sharing between UL and DL allows gNB to schedule DL in UE MCoT to improve DL performance. 
· MCoT sharing between SUL and AUL allows gNB to schedule UL in scheduled mode in the UE MCoT to improve UL performance.

	Samsung 
	Further studies are required whether transmission of PDSCH is allowed when UL-to-DL COT sharing is enabled.

	Sony
	DL to UL and UL to DL COT sharing for configured grant should refer to the general case of COT sharing with considerations on enhanced design for AUL-UCI and AUL-DFI.

	Spreadtrum
	Multiple UL to DL and DL to UL switching within a shared COT obtained by UE should be studied.

	ZTE
	UE initiated MCOT sharing between configured grant UL and DL should be studied.

	NTT DOCOMO
	It is beneficial to support sharing COT which is acquired by an UE.

	TCL
	NR-U should support COT sharing from gNB to UE and from UE to gNB. Furthermore enhanced mechanisms facilitating the transmissions of users while other users transmissions are ongoing should be investigated.



Suggestion: Based on the companies’ proposals, it is suggested to discuss the following proposal for discussion. 
Proposal:
· Both DL-UL and UL-DL COT sharing are supported for NR-unlicensed configured grant transmission. 
· FFS: Restrictions/conditions on the number of switching points.
· FFS: Signalling mechanism 
Multiple candidate starting positions

Background: To cope with LBT, it is being proposed by several companies to allow multiple candidate transmission starting positions within each occasion. 

	Company(s)
	View/position

	Huawei
	Multiple transmission occasions within the configured periodicity

	Sony
	Support multiple time offsets configuration to increase the flexibility on the time-domain resource allocation for NR-U configured grant operations.

	vivo
	For NR-U UL configured grant, UE determines multiple candidate transmission occasions within a period based on the first candidate transmission occasion, duration of PUSCH and period P.



Suggestion: It is understood that multiple starting positions in the unit of configured TTI would be allowed by default. It is suggested to discuss if further enhancement would be necessary, i.e., sub-TTI level stating positions.  
UE multiplexing and collision avoidance
Background: In Rel-15 LTE FeLAA, the following UE behaviour was agreed to facilitate the collision avoidance between AUL transmissions and between AUL and SUL transmissions.
· When an AUL UE is allocated to occupy the full channel bandwidth, i.e., all the interlaces, the UE is configured with a separate AUL-specific set of PUSCH starting offset values for each of the following cases
· For AUL transmissions outside of eNB obtained MCOT, the configured set is a subset of {16, 25, 34, 43, 52, 61, OS #1}.
· For AUL transmissions inside of eNB obtained MCOT, the configured set is a subset of {34, 43, 52, 61, OS #1}.
· Note: The specific offset is randomly selected by the UE from the configured set.
· Note: The specific offset that is randomly selected by the UE is not signaled to the eNB.
When Rel-15 LTE FeLAA UE is allocated with partial channel bandwidth, no such randomization is introduced to facilitate the multiplexing between AUL UEs.

	Company(s)
	View/position

	InterDigital
	NR-U to consider a mechanism for resolving the contention among multiple UEs attempting to access the same configured grant resource.

	Huawei
	Alignment of transmission start time of multiple UEs configured with the same time-domain resources.

	Samsung
	Subcarrier spacing need to be considered for determining offset value for starting position of AUL.

	Spreadtrum
	More applicable collision resolution mechanism between scheduled UL transmission and autonomous UL transmission for NR-U need to be studied.

	Qualcomm
	How to assign AUL resource to achieve better medium efficiency should be studied in NR-U AUL.

	ZTE
	Further studies should be performed on how to support multiple access for NR-U considering LBT influence.

	TCL
	NR-U should study mechanisms to ensure user multiplexing for aligned transmissions by way of aligning their LBTs.



Suggestion: Given many companies’ views, the corresponding issue needs to be discussed. However, as no detailed solution is being proposed, it is suggested to capture high level motivation of the proposals and continue discussions in the coming meetings. 
Proposal:
· It is identified beneficial to consider UE multiplexing and collision avoidance mechanisms between configured grant transmissions and between configured grant and scheduled grant transmissions. 
· FFS: detailed mechanism.
Others 
Avoiding signal for initial access/RRM 

Background: DL signals for initial access has high importance and needs to be protected. In this regard, Rel-15 LTE FeLAA made a restriction on the use of AUL such that AUL transmissions are not allowed in the subframes belonging to the DMTC window of the serving cell irrespective of the RRC configured bitmap. 

	Company(s)
	View/position

	Ericsson 
	[bookmark: _Toc521718759]The UE shall not attempt a configured UL transmission, even if allowed according to the configured time-domain resources, in slots that are configured for DRS transmissions.

	Intel
	Grant-free UL transmissions are not allowed in the slots belonging to the SMTC window of the serving cell irrespective of the time-domain resources configured via higher layer signaling.



Suggestion: Similar proposals with that of Rel-15 LTE FeLAA are made by a couple of companies. Although it is proposed only by a few companies, as it seems not controversial, the following proposal is suggested for discussion.
Proposal:
· NR-unlicensed configured grant transmission is not allowed during when it overlaps with occasions configured for potential DRS-like signal of the serving cell irrespective of the configured time domain resource for configured grant transmission.  
Link adaptation

Background: It is regarding how to facilitate the fast link adaptation for configured grant transmission, e.g., change of MCS, etc. 

	Company(s)
	View/position

	Huawei
	Study transmission adaptation mechanisms for uplink transmission with configured grant in NR-U.

	NEC
	The design of configured grant should give further consideration on UE identification, link adaptation and collision avoidance.

	Spreadtrum
	Enhancement for fast link adaptation should be studied for autonomous UL.

	Qualcomm
	Faster transmission adaptation can be introduced in NR AUL for better link and medium efficiency.



Suggestion: Type-2 configured grant already supports MCS/TBS indication via DCI. Thus, it is suggested if further enhancement to enable fast link adaptation is necessary beyond what is already supported.
Others
Proposals that were difficult to be categorized are listed here.

	Company(s)
	View/position

	Condiva
	· NR-U may consider autonomous BWP selection
· NR-U may study ways to enable multiple active BWPs for the UE

	Nokia
	Postpone the addition of URLLC specific features to NR-U until more concrete mechanism are concluded for licensed band NR in the Rel-16 URLLC SI.

	Oppo 
	The first symbol and the last symbol within one CG-PUSCH duration should not be used to transmit DMRS or UCI for LBT purpose.

	Spreadtrum
	DMRS used for distinguishing UE should be introduced in autonomous UL.



Suggestion: It is suggested to discuss the above proposals if time allows. 
Conclusion
This contribution is a summary on the companies’ views submitted to RAN1 #93 under AI 7.2.2.4.4.
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