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Introduction
[bookmark: _Hlk534356555]NR-U WI was approved in RAN#82, with the objectives related to Configured Grant transmissions provided below for reference [1]: 
Configured Grant operation: 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 (NR-U TR section 7.2.1.3.4). (RAN1)
In RAN2#105bis, several agreements were captured related to configured grant operation which are provided below [2]:
	R2 assumes that the configured grant timer is not started/restarted when configured grant is not transmitted due to LBT failure. PDU overwrite need to be avoided somehow. 
The configured grant timer is not started/restarted when UL LBT fails on PUSCH transmission for grant received by PDCCH addressed to CS-RNTI scheduling retransmission for configured grant
The configured grant timer is not started/restarted when the UL LBT fails on PUSCH transmission for UL grant received by PDCCH addressed to C-RNTI, which indicates the same HARQ process configured for configured uplink grant
Upon UL transmission on configured grant, bwp-InactivityTimer is restarted as today (i.e. at LBT success)
Upon UL transmission on configured grant, sCellDeactivationTimer is restarted as today (i.e. at LBT success)
drx-HARQ-RTT-TimerUL should not be started/restarted when LBT fails for PUSCH transmission with configured grant
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 table for mapping between 5QI and CAPC, similar to Table 5.7.1-1 in 3GPP TS 36.300, shall be specified
All MAC CEs, except padding BSR MAC CE, uses the highest priority CAPC, that is the lowest number CAPC, FFS for recommended rate for Voice MAC CE
It is FFS if for CG, when several MAC SDUs are multiplexed, CAPC is selected according to the configuration for the LCH with lowest priority CAPC (for DRB). 
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.


Discussions
Configured grant operation for NR-U is expected to follow similar principles as discussed for LAA based AUL. Major deviations are expected to arise from NR specific features e.g. BWP switching and operation, scheduling enhancements like slot vs mini-slot based TTIs, support of multiple services, etc. In RAN2#106bis, we made significant progress on specifying operation of configured grant for unlicensed spectrum. In this paper, we try to cover remaining details relevant for configured grant operation.
HARQ Process ID Selection
Configured Grant (CG) is expected to have resource allocation consisting of one or more UL transmission bundles, where each bundle may further consist of contiguous set of slots or mini-slots for multiple UL transmissions. The UL transmission bundle allows UE to perform transmission of multiple TBs, based on single LBT success instance. Such a resource allocation also enables LBT diversity using time gap between successive UL transmission bundles. 
One thing to point out is that if there is a gap between successive UL transmissions performed within an UL transmission bundle, then UE may have to perform multiple LBT operations within the same bundle. This may result in throughput loss considering failure to acquire channel in due time. Hence, an NR-U UE should always strive to perform continuous UL transmissions (i.e. without any time gap) within an UL transmission bundle.
[bookmark: _Toc7531494]Observation 1: Configured Grant (CG) resource configuration in NR-U may allocate contiguous set of resources for UL transmission. UE should strive to perform UL transmissions without any time gap once LBT succeeds.
For configured grant operation in NR Rel-15, each UL resource has a fixed association with HARQ process id of UE. However, if we follow the same approach for NR-U, this may result in transmission gaps due to busy state of an HARQ process (e.g. UE cannot schedule an HARQ process if configured grant timer is running). To alleviate this, it is deemed beneficial to consider the approach used in AUL, i.e. HARQ process id selection for a CG resource is based on UE implementation.
[bookmark: _Toc7531495]Observation 2: Fixing association between HARQ process ids and CG resources can lead to time gap between successive UL transmissions from the same UE.
[bookmark: _Toc7621852]Proposal 1: HARQ process id selection is based on UE implementation like AUL
HARQ Retransmissions 
It has been agreed in NR-U that autonomous UE initiated HARQ retransmissions can be performed over CG resources. To control HARQ retransmissions, RAN2 agreed in previous meeting to introduce a new timer called “CG retransmission timer”, on expiry of which UE shall assume NACK. CG retransmission timer duration should consider time taken for serving gNB to process an UL transmission and subsequent transmission delay of HARQ ACK/NACK feedback or a dynamic UL grant. Note that, this duration should also incorporate LBT failures that gNB may experience to transmit a DL message to UE. During this time, it is preferable to that UE should not schedule any other transmission for the same HARQ process on the CG resources, to reduce pollution on unlicensed channel.
[bookmark: _Toc7531496]Observation 3: CG retransmission timer length is based on amount of time taken by gNB to send HARQ ACK/NACK feedback or dynamic grant. During this time, UE should avoid performing unnecessary retransmission attempts on CG resources to reduce pollution on unlicensed channel.
[bookmark: _Toc7621853]Proposal 2: UE is not allowed to select an HARQ process for CG transmission and toggle NDI autonomously when CG retransmission timer is running for the given HARQ process
Also, note that once UE receives an HARQ feedback or an UL grant for the same HARQ process, then there is no need to continue CG retransmission timer (i.e. UE should take subsequent actions immediately based on received feedback/UL grant). 
[bookmark: _Toc7621854]Proposal 3: CG retransmission timer is stopped at the reception of HARQ feedback or UL grant for the same HARQ process
Restricting Number of HARQ Retransmissions
There has been an ongoing discussion for URLLC study item, on how to support multiple configured grants within an active BWP. For this, UE can be configured with multiple CG resources, such that each CG resource caters to requirements of a specific service. If same concept is also extended to NR-U, then similar behaviour is expected (i.e. each CG resource associated to a set of services). Note that even in absence of multiple CG resources per active BWP, configured grant in NR-U can be utilized for delay sensitive applications (e.g. URLLC or streaming services). Hence, we need to consider requirements of such applications for CG operation of NR-U. 
[bookmark: _Toc7531497]Observation 4: NR-U may support multiple active CGs within a BWP, where each CG can be associated to a specific service.
[bookmark: _Toc7531498]Observation 5: NR-U CG may need to support delay sensitive services like URLLC, streaming services along with best effort applications.
Note that delay sensitive applications like URLLC assume that a packet is valid only for a certain duration of time and, keeping the packet in HARQ buffer for a higher duration would only waste limited radio resources. In Rel-15 NR, UE assumes ACK for an HARQ process after expiry of configured grant timer, which results in pre-emption of HARQ process at regular intervals. However, in NR-U, no such mechanism has been defined so far. 
Note that for AUL specified in LAA, UE does not clear HARQ buffer autonomously. UE may clear the buffer only when it receives HARQ ACK/NACK feedback or an UL grant from the network. This approach is feasible for LTE LAA, as HARQ feedback or UL grant can be transmitted using primary licensed carrier. However, in NR-U, clearing of HARQ buffer solely based on network feedback results in extensive unlicensed channel pollution (due to frequent DL feedback transmissions from network) and may lead to significant delay in clearing HARQ buffer (e.g. when DL feedback is delayed due to channel acquisition failures) which can be used for a new transmission.
[bookmark: _Toc7531499]Observation 6: In AUL, UE continues performing HARQ retransmissions until it receives an ACK/NACK feedback, or an uplink grant for the HARQ process. Such a mechanism is feasible for LAA because of network feedback indication using primary licensed carrier.
[bookmark: _Toc7531500]Observation 7: For NR-U, network feedback based HARQ process clearing results in extensive pollution in unlicensed channel and significant delay and throughput reduction due to HARQ process buffers being occupied by TBs which are no longer valid.
[bookmark: _Toc7621855]Proposal 4: RAN2 to discuss mechanism to restrict number of HARQ retransmissions for NR-U CG
Note that CG timer can be a natural choice to restrict number of retransmissions attempts, as NR Rel-15 framework assumes ACK at CG timer expiry. However, NR does not allow usage of CG resources when CG timer is running. We may need to update the timer operation to allow UE to perform HARQ retransmissions on CG resource even when CG timer is running.
[bookmark: _Toc7531501]Observation 8: In NR Rel-15, UE assumes ACK at the end of CG timer expiry. CG timer can be a natural choice to restrict number of HARQ retransmissions.
[bookmark: _Toc7621856]Proposal 5: UE performs HARQ retransmissions for an HARQ process until CG timer is running. UE assumes ACK for the HARQ process at CG timer expiry.


Figure 1 Restricting number of HARQ retransmission attempts using CG timer
Dynamic Grant Overriding
There is an open issue that during the time UE is trying to acquire the unlicensed channel to perform an HARQ transmission on CG resource (UE may have attempted several LBT attempts which failed), UE may receive an UL grant for the same HARQ process indicating new TB transmission. This may occur for following cases: 
1) gNB provides a dynamic grant to UE with NDI toggled
2) Automatic NDI toggle is performed by UE as configured grant timer is not running 

Due to this, Rel-15 NR behaviour dictates the UE to flush the TB stored in HARQ process and generate a new TB to be transmitted based on the new grant. This will result in loss of MAC PDUs without even single successful transmission attempt by UE.


Figure 2 Configured grant overriding due to dynamic grant reception
There can be several solutions which can be discussed to alleviate some part of this issue (e.g. ignore the received UL grant). However, we believe that no solution would be able to fully address this issue without significantly increasing the standards and UE complexity. From our perspective, exact solution to resolve this issue can be left up to UE implementation (e.g. whether to ignore the grant or not). We can proceed towards keeping MAC specification flexible which allows UE to take an action accordingly.
[bookmark: _Toc7621857]Proposal 6: Handling of the MAC PDU, for which LBT failed and is overwritten due to reception of an UL grant indicating new transmission, is left to UE implementation
Conclusions
The proposals and observations made in this contribution are listed below:
Observation 1: Configured Grant (CG) resource configuration in NR-U may allocate contiguous set of resources for UL transmission. UE should strive to perform UL transmissions without any time gap once LBT succeeds.
Observation 2: Fixing association between HARQ process ids and CG resources can lead to time gap between successive UL transmissions from the same UE.
Observation 3: CG retransmission timer length can be determined by amount of time taken by gNB to send HARQ ACK/NACK feedback or dynamic grant. During this time, UE should avoid performing unnecessary retransmission attempts on CG resources to reduce pollution on unlicensed channel.
Observation 4: NR-U may support multiple active CGs within a BWP, where each CG can be associated to a specific service.
Observation 5: NR-U CG may need to support delay sensitive services like URLLC, streaming services along with best effort applications.
Observation 6: In AUL, UE continues performing HARQ retransmissions until it receives an ACK/NACK feedback, or an uplink grant for the HARQ process. Such a mechanism is feasible for LAA because of network feedback indication using primary licensed carrier.
Observation 7: For NR-U, network feedback based HARQ process clearing results in extensive pollution in unlicensed channel and significant delay and throughput reduction due to HARQ process buffers being occupied by TBs which are no longer valid.
Observation 8: In NR Rel-15, UE assumes ACK at the end of CG timer expiry. CG timer can be a natural choice to restrict number of HARQ retransmissions.

Proposal 1: HARQ process id selection is based on UE implementation like AUL
Proposal 2: UE is not allowed to select an HARQ process for CG transmission and toggle NDI autonomously when CG retransmission timer is running for the given HARQ process
Proposal 3: CG retransmission timer is stopped at the reception of HARQ feedback or UL grant for the same HARQ process
Proposal 4: RAN2 to discuss mechanism to restrict number of HARQ retransmissions for NR-U CG
Proposal 5: UE performs HARQ retransmissions for an HARQ process until CG timer is running. UE assumes ACK for the HARQ process at CG timer expiry.
Proposal 6: Handling of the MAC PDU, for which LBT failed and is overwritten due to reception of an UL grant indicating new transmission, is left to UE implementation
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