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Introduction
In this contribution we discuss the support of autonomous UL transmissions for NR-U. As agreed in the NR-U WID [1], “NR Type-1 and Type-2 configured grant mechanisms are the baseline for NR-U operation with modifications in line with agreements during the study phase”. 
In the NR-U TR capturing the agreements from the SI the following is captured:
The following modifications to the configured grant procedures are beneficial. 
-	Removing dependencies of HARQ process information to the timing. This can be achieved by 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
Allowing consecutive configured grant resources in time without any gaps in between the resources and non-consecutive configured grant resources (not necessarily periodic) with gaps in between the resources is beneficial and should be considered for NR in unlicensed spectrum.
UE selects the HARQ process ID from an RRC configured set of HARQ IDs for NR-U configured grant transmission.
It is identified to be beneficial to support DFI to include pending HARQ feedback for prior configured grant transmissions from the same UE. 
For the retransmission on a HARQ process for which initial transmission was performed via configured grant resource, both retransmission via same configured grant resource and retransmission via resource scheduled by UL grant are supported.
UE may autonomously initiate retransmission for a HARQ process for which initial transmission was performed via configured grant mechanism for NR-U when it receives NACK via DFI for the corresponding HARQ process.
In RAN1-1901, the additional agreements were made:
	Agreement:
CG-UCI should at least include the following information:
· HARQ ID
· NDI
· RV
· COT sharing information, FFS details
· FFS: other information including UE ID




At RAN2#105bis the following agreements were taken related to configured grants:
Retransmissions of a TB using configured grant resources, when initial transmission or a retransmission of the TB was previously done using dynamically scheduled resources, is not allowed
A new timer is introduced for auto retransmission (i.e. timer expiry = HARQ NACK) on configured grant for the case of the TB previous being transmitted on a configured grant “CG retransmission timer”.
the new timer is started when the TB is actually transmitted on the configured grant and stopped upon reception of HARQ feedback (DFI) or dynamic grant for the HARQ process. 
the legacy configured grant timer and behaviour is kept for preventing the configured grant overriding the TB scheduled by dynamic grant, i.e. it is (re)started upon reception of the PDCCH as well as transmission on the PUSCH of dynamic grant.

This contribution discusses additional features that would enhance the configured grant operation in NR-U.
[bookmark: _Ref490149211]Discussion 
For unlicensed spectrum that uses LBT as the sharing mechanism, the physical control signal transmissions not only generate overhead, but may require more LBT and/or new LBT procedure when the UE and gNB roles are switched between transmission and reception. For unlicensed spectrum, low latency between transmissions can be of high importance to reduce the need for time-consuming LBT procedures. 
NR supports two types of pre-configured resources. Both of which are different flavours of existing LTE semi-persistent scheduling with some further aspects such as supporting repetitions for a transport block: 
· Type 1, UL data transmission with configured grant is only based on RRC (re)configuration and the configured resources can be used immediately by the UE without any L1 signalling. 
· Type 2 is very similar to LTE SPS feature. UL data transmission with configured grant is also based on RRC configuration, but additionally, L1 signalling must be used for activation/deactivation of the grant. The gNB needs to explicitly activate the configured resources on PDCCH and the UE confirms the reception of the activation/deactivation grant with a MAC control element.

For LTE, the existing SPS feature was the baseline for designing autonomous uplink operation on LAA SCells in Rel.15. Similarly, for NR-U, the existing schemes (type 1 and 2) have been agreed to serve as a baseline to achieve AUL operation for NR-U. Nevertheless, some adjustments are needed to provide efficient operation on unlicensed bands. 
An enhancement for NR-U compared to NR is that NR-U does not use the synchronous HARQ ID selection, where HARQ ID corresponding to a transmission on a preconfigured resource is derived from a formula similar to LTE SPS, i.e., the HARQ process ID is determined based on the resources that is used for transmission. This synchronous HARQ ID behaviour may impose large delays due to the uncertainty of channel availability on unlicensed bands and is therefore inefficient for unlicensed channel operation. 
The same issue was discussed during the feLAA WI, and to resolve it, a new uplink control information (UCI) was introduced to enable fully asynchronous HARQ for LAA AUL. For every AUL transmission, the UE selects HARQ process ID, RV, and NDI and report it on the new AUL UCI. This is now available also in NR-U according to the RAN1-1901 agreement. 
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In the TR 38.889, it has been stated that
Removing dependencies of HARQ process information to the timing. This can be achieved by introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID
So, UE may select the HARQ process ID from an RRC configured set of HARQ IDs for uplink transmissions with a configured uplink grant in NR-U. This is the same behaviour as in LTE LAA.
1. [bookmark: _Toc16599934][bookmark: _Toc16667976][bookmark: _Toc16701626][bookmark: _Toc16720320][bookmark: _Toc16789850][bookmark: _Toc16803590][bookmark: _Toc16803627]For autonomous UL transmissions, it is up to UE implementation to select the HARQ process ID among the ones available for autonomous ul transmissions.
The autonomous UL transmissions are on top of the configured grant framework, in the sense that the HARQ processes supporting autonomous UL transmissions would also support configured grant based transmission. In the RRC IE ConfiguredGrantConfig, the HARQ processes for a CG are configured by the parameter nrofHARQ-Processes, and it would be unnecessary to introduce an additional field for configuring HARQ processes supporting autonomous UL transmissions, since this would add additional complexity in the standard. We can assume that the HARQ process IDs for autonomous UL transmission should be the same as the HARQ process IDs for CG resources.
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NR, similar to eLAA Rel-14, does not support non-adaptive HARQ retransmissions. This means, any uplink retransmission shall be scheduled through UL grant on PDCCH. To reduce the signalling overhead on unlicensed operation for FeLAA Rel-15, AUL downlink feedback information ("AUL-DFI") was specified to carry pending HARQ feedback for several uplink HARQ processes for the same UE through a bitmap. Signalling similar to AUL-DFI would also be beneficial for AUL NR-U to enable non-adaptive HARQ retransmissions. However, details are left to RAN1. The list of prioritized NR-U features from RAN list DFI as essential. 
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A HARQ_FEEDBACK state variable exists in LTE. It is not existing in NR Rel-15, since there is no explicit HARQ feedback in NR Rel-15 for PUSCH. Instead, the gNB sends a DCI carrying a new grant to a UE inexplicitly indicating that the previous HARQ transmission has been ACKed. With the introduction of DFI for autonomous uplink transmission, the HARQ_FEEDBACK state variable needs to be added back. It is suggested to reuse the same convention as in LTE for this state variable. It is still unclear if the DFI can be applied to other HPs than the autonomously scheduled HPs.
1. [bookmark: _Toc16599937][bookmark: _Toc16667979][bookmark: _Toc16701629][bookmark: _Toc16720322][bookmark: _Toc16789852][bookmark: _Toc16803592][bookmark: _Toc16803629]Introduce a HARQ_FEEDBACK state variable, with possible values ACK and NACK, at least per HARQ process configured to use autonomous configured uplink grants. Further details needed from RAN1 on further applicability of DFI.
In LTE LAA, the initial transmission of a HARQ process associated with AUL transmission uses the RV = 0, while it is left to the UE implementation to selects the RV for autonomous retransmissions on a configured uplink grant. Such rules are simple.  However, they may not be able to achieve best performance for autonomous uplink transmissions especially in case the gNB completely misses an initial transmission of a TB from the UE. If the gNB only receives retransmissions from the UE and the retransmissions are based on RV values which are not self-decodable, the decoding probability is not maximized. 
In another scenario, where the gNB receives the initial transmission from the UE, but cannot decode the TB, while the UE misses the HARQ feedback from the gNB, it is better if the UE did not choose RV = 0, but rather an RV, which will provide additional parity bits in addition to RV = 0.
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In section 2 we made the following observations:
Observation 1	RAN1 agreed for every AUL transmission, the UE report HARQ process ID, RV, and NDI on the new AUL UCI.
Observation 2	At least the NR autonomous UL case, downlink feedback information will be introduced to enable pending HARQ feedback for several UL HARQ processes for the same UE.
Observation 3	It is beneficial to enhance the RV selection for a UE that triggers autonomous retransmissions.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	For autonomous UL transmissions, it is up to UE implementation to select the HARQ process ID among the ones available for autonomous ul transmissions.
Proposal 2	The HARQ process IDs available for autonomous UL transmissions are the same as the ones available for Configured Grant.
Proposal 3	Introduce a HARQ_FEEDBACK state variable, with possible values ACK and NACK, at least per HARQ process configured to use autonomous configured uplink grants. Further details needed from RAN1 on further applicability of DFI.
Proposal 4	It is beneficial to enhance RV selection for autonomous uplink transmissions. Details are FFS by RAN1.
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