Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG2 #107bis	Tdoc R2-1913501
Chongqing, China, 14 – 18 Oct 2019	
Agenda Item:	6.2.2.5
Source:	Ericsson
Title:	Discussions on configured grant in NR-U
Document for:	Discussion, Decision
Introduction
We have discussed remaining issues for configured scheduling in this paper. The remaining issues covered by this paper include 
1) Discussion on terminologies
2) Text proposal on support of HARQ feedback via DFI
3) Coexistence handling between scheduled grant (SG) and configured grant (CG)
4) Configuration and deconfiguration of AUL with configured grant
5) MAC PDU overwritten
6) Support of multiple active CG configurations.
[bookmark: _Ref525834269]Discussion
Terminology
We need a shorter name to describe retransmissions on configured uplink grants. In the RAN2 work this has so far been named autonomous uplink. For LTE there was a configuration in unlicensed named autonomous uplink (AUL) that is different from what we are defining for retransmissions on the configured uplink grants in NR. This is no reason to not use the name autonomous uplink in NR. There are many similar cases, for example PDCCH that is different in LTE and NR, or any other of the signals and channels (PUSCH, SRS, PUCCH, PDSCH, PBCH etc.). 
[bookmark: _Toc20486570][bookmark: _Toc20745343][bookmark: _Toc20823953][bookmark: _Toc20989258][bookmark: _Toc21011421][bookmark: _Toc21035021]As in LTE LAA, use the name “autonomous uplink (AUL)” for when retransmissions on configured uplink grants are configured.
In NR-U, it has been agreed that AUL function for NR-U will be designed on top of configured grant framework in NR Rel-15. 
Correspondingly, a configured grant retransmission timer (CGRT) has been agreed, the similar name as in LTE LAA can be reused, we propose:
[bookmark: _Toc20486571][bookmark: _Toc20745344][bookmark: _Toc20823954][bookmark: _Toc20989259][bookmark: _Toc21011422][bookmark: _Toc21035022]The configured grant retransmission timer is called aul-RetransmissionTimer.
Reception of HARQ feedback
In the Running MAC CR we have the following added text for the reception of DFI in 5.4.2.2:
If a HARQ process receives downlink feedback information, the HARQ process shall:
1>	if ACK is indicated:
2>	stop the configuredGrantTimer, if running;
2>	stop the [configuredGrantRetransmissionTimer], if running.
1>	if NACK is indicated:
2>	stop the [configuredGrantRetransmissionTimer], if running.
[bookmark: _Hlk19229350]Editor’s Note: The impact of “The UE does not stop the CG timer upon NACK feedback reception, and stops the CG timer upon ACK feedback reception.” and the highlighted part of “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.” is captured above. 

This can be simplified to: 
If a HARQ process receives downlink feedback information, the HARQ process shall:
1>	stop the [configuredGrantRetransmissionTimer], if running.
1>	if ACK is indicated:
2>	stop the configuredGrantTimer, if running;
Editor’s Note: The impact of “The UE does not stop the CG timer upon NACK feedback reception, and stops the CG timer upon ACK feedback reception.” and the highlighted part of “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.” is captured above. 
[bookmark: _Toc20745345][bookmark: _Toc20823955][bookmark: _Toc20989260][bookmark: _Toc21011423][bookmark: _Toc21035023]Adopt the simplified text proposal above for DFI reception.
Coexistence between scheduling grant (SG) and configured grant (CG)
In NR licensed, two different types of scheduling options are available, i.e. the dynamic/scheduled UL grants, and the configured grants (e.g. based on the SPS framework). As specified in NR licensed, both scheduling options can coexist and in general the UE shall prioritize dynamic UL grant. 
However, in some cases due to the nature of configured grant scheme, race conditions between a dynamic UL grant and a configured grant may occur. According to RAN1 agreements highlighted above, in configured grant there is no association between HARQ ID and the timing, which implies that the gNB may provide a dynamic UL grant to schedule a certain HARQ process, while the UE has already started preparing a configured transmission for the same HARQ process. Or, similarly at the time of reception of dynamic UL grant, the UE has already performed a configured transmission for the same HARQ process.
However, in our understanding, not handling such issue might lead to spurious UE (re)transmissions which just increase interference in the unlicensed spectrum and UE battery consumption.
[bookmark: _Ref458381469]In NR-U configured grant-based transmission, the decision of which HARQ ID to process in a certain slot is left to the UE. This implies that the network is not aware of which HARQ ID, the UE intends to transmit on a given slot when a configured grant is used. Therefore, it might happen that the gNB dynamically schedules a certain HARQ ID while the UE is preparing or just recently performed the (re)transmission of data with a configured grant and associated to the same HARQ ID. 
In case the gNB provides a dynamic grant for transmitting a certain HARQ ID exactly in the same slot in which the UE intends to transmit this HARQ ID with a configured grant, the UE should prioritize the dynamic scheduling assignment as in NR licensed.
[bookmark: _Toc528708916][bookmark: _Toc528750024][bookmark: _Toc528750093][bookmark: _Toc528750100][bookmark: _Toc1035854][bookmark: _Toc1036056][bookmark: _Toc7124704][bookmark: _Toc7127288][bookmark: _Toc7736998][bookmark: _Toc15313635][bookmark: _Toc16509675][bookmark: _Toc16509684][bookmark: _Toc16509699][bookmark: _Toc16509775][bookmark: _Toc16693761][bookmark: _Toc16785685][bookmark: _Toc16803218][bookmark: _Toc19707331][bookmark: _Toc19791217][bookmark: _Toc20486572][bookmark: _Toc20745346][bookmark: _Toc20823956][bookmark: _Toc20989261][bookmark: _Toc21011424][bookmark: _Toc21035024]As in NR licensed, the UE prioritizes dynamically scheduled UL transmission when that occurs in the same slot as a configured UL grant, that is, no spec change.
Assuming that dynamically scheduled UL transmissions can be performed while a UE is configured with UL grant, we believe that it should be discussed how such two UL transmission schemes can coexistence. In particular, in our understanding, coexistence issues between a configured grant and a dynamically scheduled grant for the same HARQ process may arise in some cases, as also explained in [1]. Examples are illustrated in Figure 1 and summarized in the following:
1. Scenario 1: The gNB dynamically schedules a certain HARQ ID while the UE has already started the preparation of a transmission with a configured grant for the same HARQ ID which should occur at slot n. In this case, the dynamic grant over PDCCH is received just a short time (e.g. 2 slots in Figure 1) before the planned transmission with the configured grant. At this point in time, the UE might not be able to interrupt the preparation of the planned transmission with the configured grant at slot n. 
1. Scenario 2: The gNB dynamically schedules a certain HARQ ID in the same slot or just a short time (e.g. 1 slot in Figure 1) after a performed transmission with a configured grant using the same HARQ ID. In this case, the UL grant might be sent by the gNB before the gNB has been able to process the received transmission with the configured grant. 
In scenario 1, the UE could certainly perform both the transmission with configured grant at slot n and the scheduled UL transmission at slot n+2. For the scenario 2, the UE can certainly transmit both the data with the configured grant in slot n, and the scheduled UL data in slot n+5. However, the benefit of performing two transmissions so close in time for the same HARQ process is arguable. It can speed up and facilitate the correct decoding of the HARQ process, but it increases the overhead which is in general not desired, especially in the unlicensed spectrum.


[bookmark: _Ref497301364]Figure 1: Coexistence issues between configured grants and dynamically scheduled UL grants for the same HARQ process.
Given the above considerations, we observe the following:
1. [bookmark: _Toc16803211][bookmark: _Toc20486588][bookmark: _Toc20745331][bookmark: _Toc20823941][bookmark: _Toc20989214][bookmark: _Toc21011409][bookmark: _Toc21035035][bookmark: _Toc510715019][bookmark: _Toc510634442][bookmark: _Toc506479226][bookmark: _Toc506479203][bookmark: _Toc506240841][bookmark: _Toc505788628][bookmark: _Toc498627805][bookmark: _Toc498627780][bookmark: _Toc498333532][bookmark: _Toc497381060][bookmark: _Ref497309234][bookmark: _Toc513460280][bookmark: _Toc513553598][bookmark: _Toc513553634][bookmark: _Toc521316984][bookmark: _Toc521325396][bookmark: _Toc521327817][bookmark: _Toc521327825][bookmark: _Toc521486741][bookmark: _Toc521486757][bookmark: _Toc521597471][bookmark: _Toc521599541][bookmark: _Toc521604697][bookmark: _Toc525316120][bookmark: _Toc525317043][bookmark: _Toc525850856]When a configured grant is configured, the HARQ process that the UE will transmit on a certain slot is not known by the gNB. 
1. [bookmark: _Ref7127178][bookmark: _Toc16803212][bookmark: _Toc20486589][bookmark: _Toc20745332][bookmark: _Toc20823942][bookmark: _Toc20989215][bookmark: _Toc21011410][bookmark: _Toc21035036]It can happen that the gNB provides a DCI with UL grant for a HARQ process just a short time before or after the slot in which the UE intends to perform a transmission with a configured grant for the same HARQ process. 
1. [bookmark: _Toc510715020][bookmark: _Toc510634443][bookmark: _Toc506479227][bookmark: _Toc506479204][bookmark: _Toc506240842][bookmark: _Toc505788629][bookmark: _Toc498627806][bookmark: _Toc498627781][bookmark: _Toc498333533][bookmark: _Toc497381061][bookmark: _Ref497309236][bookmark: _Toc513460281][bookmark: _Toc513553599][bookmark: _Toc513553635][bookmark: _Toc521316985][bookmark: _Toc521325397][bookmark: _Toc521327818][bookmark: _Toc521327826][bookmark: _Toc521486742][bookmark: _Toc521486758][bookmark: _Toc521597472][bookmark: _Toc521599542][bookmark: _Toc521604698][bookmark: _Toc525316121][bookmark: _Toc525317044][bookmark: _Toc525850857][bookmark: _Toc16803213][bookmark: _Toc20486590][bookmark: _Toc20745333][bookmark: _Toc20823943][bookmark: _Toc20989216][bookmark: _Toc21011411][bookmark: _Toc21035037]Performing both a transmission with a configured grant and a scheduled UL transmission for the same HARQ process very close in time increases overhead which is not desirable, especially in the unlicensed spectrum.
Considering the above coexistence scenarios, the UE behaviour might be ambiguous, because some UEs might be capable of performing both transmissions, while some other might need to discard one of the two grants. This would lead to an ambiguity of the UE behaviour. It is also worth noting that the gNB may not be able to process the consecutive transmissions using the same HARQ process close in time, so that the soft buffer may be overridden which may lead to packet loss.  
One way to avoid such ambiguity is that the UE does not process a grant which is received for the HARQ process if transmitting using the grant would result in that the UE performs a transmission from the HARQ process which the UE recently (as defined by the time T) performed a transmission from. Another possible way which this may be realized is that the UE considers the grant invalid or in other way not act upon the grant. The time T can be configured by the gNB considering the time components including the gNB process time of a received PUSCH, the transmission time of a dynamic grant, and the delay between UL grant reception in DL (PDCCH) and UL data (PUSCH) transmission (i.e., configured via the delay parameter K2). The solution is illustrated in Figure 2.

1. [bookmark: _Toc16803214][bookmark: _Toc20486591][bookmark: _Toc20745334][bookmark: _Toc20823944][bookmark: _Toc20989217][bookmark: _Toc21011412][bookmark: _Toc21035038]The time interval T is configured by the gNB considering below time components
3. [bookmark: _Toc16803215][bookmark: _Toc20486592][bookmark: _Toc20745335][bookmark: _Toc20823945][bookmark: _Toc20989218][bookmark: _Toc21011413][bookmark: _Toc21035039]the gNB process time of a received PUSCH
3. [bookmark: _Toc16803216][bookmark: _Toc20486593][bookmark: _Toc20745336][bookmark: _Toc20823946][bookmark: _Toc20989219][bookmark: _Toc21011414][bookmark: _Toc21035040]the transmission time of a dynamic grant
3. [bookmark: _Toc16803217][bookmark: _Toc20486594][bookmark: _Toc20745337][bookmark: _Toc20823947][bookmark: _Toc20989220][bookmark: _Toc21011415][bookmark: _Toc21035041]the delay between UL grant reception in DL (PDCCH) and UL data (PUSCH) transmission (i.e., configured via the delay parameter K2. 

[image: ]
 Figure 2: The UE skips processing UL dynamic grants during the time interval T after the recent PUSCH transmission.
We give below proposals accordingly.
[bookmark: _Toc15313636][bookmark: _Toc528612350][bookmark: _Toc528612351][bookmark: _Toc528612352][bookmark: _Toc528612353][bookmark: _Toc528612354][bookmark: _Toc528612355][bookmark: _Toc528612356][bookmark: _Toc528612357][bookmark: _Toc528612358][bookmark: _Toc528612359][bookmark: _Toc528612360][bookmark: _Toc528612370][bookmark: _Toc16509676][bookmark: _Toc16509685][bookmark: _Toc16509700][bookmark: _Toc16509776][bookmark: _Toc525850861][bookmark: _Toc528612371][bookmark: _Toc528653817][bookmark: _Toc528708917][bookmark: _Toc528750025][bookmark: _Toc528750094][bookmark: _Toc528750101][bookmark: _Toc1035855][bookmark: _Toc1036057][bookmark: _Toc7124705][bookmark: _Toc7127289][bookmark: _Toc7736999][bookmark: _Toc15313637][bookmark: _Toc16693762][bookmark: _Toc16785686][bookmark: _Toc16803219][bookmark: _Toc19707332][bookmark: _Toc19791218][bookmark: _Toc20486573][bookmark: _Toc20745347][bookmark: _Toc20823957][bookmark: _Toc20989262][bookmark: _Toc21011425][bookmark: _Toc21035025]For one HARQ process which is configured by the gNB for configured uplink grant, the UE skips processing UL dynamic grants which are valid for transmissions during the time interval T after a recent autonomous PUSCH transmission on that HARQ process.
Note that any grants received during T, or before or after, that are valid outside of T shall still be processed.
Configuration and de-configuration of AUL
[bookmark: _Toc3972017][bookmark: _Toc4533475]
It is natural to add an additional field for configuring the aul-RetransmissionTimer timer in the RRC IE ConfiguredGrantConfig. We propose:
[bookmark: _Toc7535770][bookmark: _Toc7706009][bookmark: _Toc7707419][bookmark: _Toc7707835][bookmark: _Toc7707880][bookmark: _Toc7732259][bookmark: _Toc16087081][bookmark: _Toc16770035][bookmark: _Toc16770637][bookmark: _Toc16791840][bookmark: _Toc16791846][bookmark: _Toc16791912][bookmark: _Toc16804402][bookmark: _Toc19707334][bookmark: _Toc19791220][bookmark: _Toc20486574][bookmark: _Toc20745348][bookmark: _Toc20823959][bookmark: _Toc20989263][bookmark: _Toc21011426][bookmark: _Toc21035026]Introduce an additional field in ConfiguredGrantConfig for configuring the aul-RetransmissionTimer.
The field for the aul-RetransmissionTimer can be defined similarly as the existing configuredGrantTimer. An example on how to update the RRC spec is shown as below.
ConfiguredGrantConfig ::=           SEQUENCE {
    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                       OPTIONAL,   -- Need S,
    cg-DMRS-Configuration               DMRS-UplinkConfig,
    mcs-Table                           ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder          ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    uci-OnPUSCH                         SetupRelease { CG-UCI-OnPUSCH }                                         OPTIONAL,   -- Need M
    resourceAllocation                  ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch },
    rbg-Size                            ENUMERATED {config2}                                                    OPTIONAL,   -- Need S
    powerControlLoopToUse               ENUMERATED {n0, n1},
    p0-PUSCH-Alpha                      P0-PUSCH-AlphaSetId,
    transformPrecoder                   ENUMERATED {enabled, disabled}                                          OPTIONAL,   -- Need S
    nrofHARQ-Processes                  INTEGER(1..16),
    repK                                ENUMERATED {n1, n2, n4, n8},
    repK-RV                             ENUMERATED {s1-0231, s2-0303, s3-0000}                                  OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                    INTEGER (1..64)                                                     OPTIONAL,   -- Need R
    rrc-ConfiguredUplinkGrant               SEQUENCE {
        timeDomainOffset                        INTEGER (0..5119),
        timeDomainAllocation                    INTEGER  (0..15),
        frequencyDomainAllocation               BIT STRING (SIZE(18)),
        antennaPort                             INTEGER (0..31),
        dmrs-SeqInitialization                  INTEGER (0..1)                                                  OPTIONAL,   -- Need R
        precodingAndNumberOfLayers              INTEGER (0..63),
        srs-ResourceIndicator                   INTEGER (0..15)                                                 OPTIONAL,   -- Need R
        mcsAndTBS                               INTEGER (0..31),
        frequencyHoppingOffset                  INTEGER (1.. maxNrofPhysicalResourceBlocks-1)                   OPTIONAL,   -- Need R
        pathlossReferenceIndex                  INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),
        ...
    }                                                                                                           OPTIONAL,   -- Need R
    ... ,
    [[
    aul-RetransmissionTimer-r16                INTEGER (1..64)                                        OPTIONAL,   -- Need R
    ]]}


From the example, it is noted that the new field is marked with “Need R”, meaning that the configuration of the aul-RetransmissionTimer can be disabled by the gNB for a UE via signaling a ConfiguredGrantConfig in the RRC message with the field aul-RetransmissionTimer absent. Or in other words, the AUL is de-configured for the UE. Similarly, the AUL for a UE can be configured by the gNB via signalling a ConfiguredGrantConfig with the field aul-RetransmissionTimer present.
[bookmark: _Toc14962746][bookmark: _Toc16078569][bookmark: _Toc16079739][bookmark: _Toc16087115][bookmark: _Toc16770028][bookmark: _Toc16770630][bookmark: _Toc16791836][bookmark: _Toc16791915][bookmark: _Toc16804398][bookmark: _Toc20486595][bookmark: _Toc20745338][bookmark: _Toc20823948][bookmark: _Toc20989221][bookmark: _Toc21011416][bookmark: _Toc21035042]AUL may be configured by the gNB for a UE via signaling the ConfiguredGrantConfig IE in the RRC message with the field aul-RetransmissionTimer present.
[bookmark: _Toc16087116][bookmark: _Toc16770029][bookmark: _Toc16770631][bookmark: _Toc16791837][bookmark: _Toc16791916][bookmark: _Toc16804399][bookmark: _Toc20486596][bookmark: _Toc20745339][bookmark: _Toc20823949][bookmark: _Toc20989222][bookmark: _Toc21011417][bookmark: _Toc21035043]AUL may be de-configured by the gNB for a UE via signaling the ConfiguredGrantConfig IE in the RRC message with the field aul-RetransmissionTimer absent.
Therefore, we make the below proposal
[bookmark: _Toc16087082][bookmark: _Toc16770036][bookmark: _Toc16770638][bookmark: _Toc16791841][bookmark: _Toc16791847][bookmark: _Toc16791913][bookmark: _Toc16804403][bookmark: _Toc19707335][bookmark: _Toc19791221][bookmark: _Toc20486575][bookmark: _Toc20745349][bookmark: _Toc20823960][bookmark: _Toc20989264][bookmark: _Toc21011427][bookmark: _Toc21035027]Autonomous uplink is configured/de-configured for a UE by the gNB via signaling the ConfiguredGrantConfig IE in the RRC message with the field aul-RetransmissionTimer present/absent.
For this signaling alternative of configuration/de-configuration of AUL, there is one drawback. In case the gNB wants to configure or de-configure AUL for a UE while keeping the CG configuration unchanged, the gNB has to send the RRC signaling including all necessary CG parameters in the ConfiguredGrantConfig in addition to the field aul-RetransmissionTimer present/absent, to the UE even the UE has already stored all these CG parameters, which would create unnecessary RRC signalling overhead. However, it is expected that the UE may not need to frequently update the AUL configuration.  The issue may be ignored. 
[bookmark: _Toc16087117][bookmark: _Toc16770030][bookmark: _Toc16770632][bookmark: _Toc16791838][bookmark: _Toc16791917][bookmark: _Toc16804400][bookmark: _Toc20486597][bookmark: _Toc20745340][bookmark: _Toc20823950][bookmark: _Toc20989223][bookmark: _Toc21011418][bookmark: _Toc21035044]A potential drawback is that the gNB may have to repeat all CG parameters in the ConfiguredGrantConfig in addition to the field aul-RetransmissionTimer present/absent, which may create unnecessary RRC signalling overhead. However, the issue may be ignored since the UE may not need to frequently update the AUL configuration. 
Further the grant for AUL is received in the same way as for CG in Rel 15, that is, configured by RRC for Type 1 and provided via PDCCH addressed to CS-RNTI for Type 2. 
[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079][bookmark: _Toc16791842][bookmark: _Toc16791848][bookmark: _Toc16791914][bookmark: _Toc16804404][bookmark: _Toc19707336][bookmark: _Toc19791222][bookmark: _Toc20486576][bookmark: _Toc20745350][bookmark: _Toc20823961][bookmark: _Toc20989265][bookmark: _Toc21011428][bookmark: _Toc21035028]Grants for autonomous uplink is provided in the same way as for configured grants in Rel 15.
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.

[bookmark: _Toc20486577][bookmark: _Toc20745351][bookmark: _Toc20823962][bookmark: _Toc20989266][bookmark: _Toc21011429][bookmark: _Toc21035029][bookmark: _Toc20486578][bookmark: _Toc20745352][bookmark: _Toc20486579][bookmark: _Toc20745353]For autonomous UL transmissions, it is up to UE implementation to select the HARQ process ID for initial transmissions 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.

[bookmark: _Toc20486580][bookmark: _Toc20745354][bookmark: _Toc20823964][bookmark: _Toc20989267][bookmark: _Toc21011430][bookmark: _Toc21035030]The HARQ process IDs available for autonomous UL transmissions are the same as the ones available for Configured Grant.
When there are HARQ processes configured for AUL that can be retransmitted, that is CGT is running while aul-RetransmissionTimer is not running for the HARQ process, the UE shall select to retransmit the oldest one (that is the one with most time left of CGT). 
[bookmark: _Toc20823965][bookmark: _Toc20989268][bookmark: _Toc21011431][bookmark: _Toc21035031]When there is one or more HARQ process configured for AUL with configuredGrantTimer running and aul-RetransmissionTimer not running, the UE shall retransmit the HARQ process with least time left of the configuredGrantTimer in a configured grant.
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 indicator ("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. 
[bookmark: _Toc16789839][bookmark: _Toc16789842][bookmark: _Toc16789845][bookmark: _Toc16789848][bookmark: _Toc16803588][bookmark: _Toc20486598][bookmark: _Toc20745341][bookmark: _Toc20823951][bookmark: _Toc20989224][bookmark: _Toc21011419][bookmark: _Toc21035045][bookmark: _Toc7275542][bookmark: _Toc7275694][bookmark: _Toc7275725][bookmark: _Toc7275744][bookmark: _Toc7275764][bookmark: _Toc7275786][bookmark: _Toc7275808][bookmark: _Toc7736533][bookmark: _Toc15999603][bookmark: _Toc16512351][bookmark: _Toc16512383][bookmark: _Toc16512416][bookmark: _Toc16516921][bookmark: _Toc16516955][bookmark: _Toc16516984][bookmark: _Toc16517565][bookmark: _Toc16517593][bookmark: _Toc16599936][bookmark: _Toc16667978][bookmark: _Toc16701628][bookmark: _Toc16720330]At least the NR autonomous UL case, downlink feedback indicator will be introduced to enable pending HARQ feedback for several UL HARQ processes for the same UE. 
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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The issue has been discussed in the email discussion [3]. Since both the CG timer and the CGRT (i.e., renamed as aul-RetransmissionTimer) are not started/restarted if uplink transmission is not performed due to LBT failures. Then, the initial TB would not be transmitted due to LBT failures. As a result, two issues are observed and need to be addressed. 
Issue 1: the initial TBs which were not transmitted due to LBT failures may be replaced by newly generated TBs in a later time because CGT is not running. 
Issue 2: when and how to trigger retransmissions for those TBs? In addition, the gNB is not aware that there are TBs pending for retransmission at the UE.
From the email discussions, there are four options under discussion:
Option 1: The UE does not generate a new TB if there is a pending TB for the HARQ process due to LBT failure (R2-1906757).
Option 2: The UE transmits the pending TB using same or different HARQ process if the size of pending TB matches the CG resource (R2-1906725).
Option 3: Introduce HARQ_FEEDBACK. The state variable is set to NACK by default and can only be updated based on DFI. As long as HARQ_FEEDBACK = NACK, new transmission on configured grant is not allowed (R2-1907741).
Option 4: Start the CG timer even if the LBT fails, which reverts the previous RAN2 agreement (R2-1906274).
For the Option 1, it requires extra changes in the specifications. The working efforts for both RAN1 and RAN2 may be acceptable. For example, at least one note needs to be added or a state variable. However, the option can only address the Issue 1.
For the Option 2, it allows a UE to use a different HARQ process for a pending TB at a next transmission attempt. In this way, it would change the existing restriction on a HARQ process, i.e., the initial TB and the retransmissions shall use the same HARQ process. The UE may need to update the CG-UCI if the next transmission attempt uses a different HARQ process with a configured grant, this brings extra implementation complexity. Therefore, the Option 2 should not be supported.  In addition, same as the Option 1, the Option 2 can’t address the issue 2. 
For the Option 3, it has a benefit that the solution is the same as in LTE LAA. However, the Option 3 conflicts with NR Rel-15, since NR Rel-15 does not support explicit HARQ feedback, meaning that the Option 3 would lead to more specification work efforts for the 3GPP. 
For the Option 4: If we always start CGT in section 5.4.1 for initial AUL transmissions (similar to when a dynamic grant is received) combined with the current running MAC CR 5.4.2.1 where we start/restart CGT for initial AUL transmissions when LBT succeeds; then because CGT is running the HP will not be overwritten, and because aul-RetransmissionTimer is not started if LBT fails, the UE will automatically retransmit the HARQ process at first possible occasion. Thus option 4 address both issues with small spec impact.
Therefore, the Option 4 should be supported. RAN2 need to revert the previous agreement accordingly.
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Multiple active configured grant configurations
In RAN1#95 [2] within the NR URLLC SI, the below agreements were made whereby a UE can be provided with multiple active configured grants:
	Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing
According to above agreements, it is learned that a UE in new releases (NR Rel-16 and beyond) can be provided with multiple active configured grants even in a single serving cell. In the legacy releases (up to 3GPP Rel-15), a UE with V2X (vehicle to everything) capable can be configured with up to 8 configured grants for sideLinks. 
The introduction of multiple configured grants would serve at least for enhancing reliability and reducing latency of critical services. In addition, it is also being discussed to apply multiple configured grants for allowing the UE to switch to slot-based transmissions after initiating the COT (channel occupancy time) to minimize DMRS and UCI overhead in unlicensed spectrum [4].
Therefore, we think it would beneficial for NR-U to support multiple active CG configurations per BWP for the above reasons.
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Conclusion
In section 2 we made the following observations:
Observation 1	When a configured grant is configured, the HARQ process that the UE will transmit on a certain slot is not known by the gNB.
Observation 2	It can happen that the gNB provides a DCI with UL grant for a HARQ process just a short time before or after the slot in which the UE intends to perform a transmission with a configured grant for the same HARQ process.
Observation 3	Performing both a transmission with a configured grant and a scheduled UL transmission for the same HARQ process very close in time increases overhead which is not desirable, especially in the unlicensed spectrum.
Observation 4	The time interval T is configured by the gNB considering below time components
a.	the gNB process time of a received PUSCH
b.	the transmission time of a dynamic grant
c.	the delay between UL grant reception in DL (PDCCH) and UL data (PUSCH) transmission (i.e., configured via the delay parameter K2.
Observation 5	AUL may be configured by the gNB for a UE via signaling the ConfiguredGrantConfig IE in the RRC message with the field aul-RetransmissionTimer present.
Observation 6	AUL may be de-configured by the gNB for a UE via signaling the ConfiguredGrantConfig IE in the RRC message with the field aul-RetransmissionTimer absent.
Observation 7	A potential drawback is that the gNB may have to repeat all CG parameters in the ConfiguredGrantConfig in addition to the field aul-RetransmissionTimer present/absent, which may create unnecessary RRC signalling overhead. However, the issue may be ignored since the UE may not need to frequently update the AUL configuration.
Observation 8	At least the NR autonomous UL case, downlink feedback indicator will be introduced to enable pending HARQ feedback for several UL HARQ processes for the same UE.
Observation 9	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:
Proposal 1	As in LTE LAA, use the name “autonomous uplink (AUL)” for when retransmissions on configured uplink grants are configured.
Proposal 2	The configured grant retransmission timer is called aul-RetransmissionTimer.
Proposal 3	Adopt the simplified text proposal above for DFI reception.
Proposal 4	As in NR licensed, the UE prioritizes dynamically scheduled UL transmission when that occurs in the same slot as a configured UL grant, that is, no spec change.
Proposal 5	For one HARQ process which is configured by the gNB for configured uplink grant, the UE skips processing UL dynamic grants which are valid for transmissions during the time interval T after a recent autonomous PUSCH transmission on that HARQ process.
Proposal 6	Introduce an additional field in ConfiguredGrantConfig for configuring the aul-RetransmissionTimer.
Proposal 7	Autonomous uplink is configured/de-configured for a UE by the gNB via signaling the ConfiguredGrantConfig IE in the RRC message with the field aul-RetransmissionTimer present/absent.
Proposal 8	Grants for autonomous uplink is provided in the same way as for configured grants in Rel 15.
Proposal 9	For autonomous UL transmissions, it is up to UE implementation to select the HARQ process ID for initial transmissions among the ones available for autonomous ul transmissions.
Proposal 10	The HARQ process IDs available for autonomous UL transmissions are the same as the ones available for Configured Grant.
Proposal 11	When there is one or more HARQ process configured for AUL with configuredGrantTimer running and aul-RetransmissionTimer not running, the UE shall retransmit the HARQ process with least time left of the configuredGrantTimer in a configured grant.
Proposal 12	It is beneficial to enhance RV selection for autonomous uplink transmissions. Details are FFS by RAN1.
Proposal 13	The CGT timer is started for initial transmission on AUL grant before the grant is delivered to the HARQ entity, that is even if the LBT fails. This reverts the previous agreement.
Proposal 14	NR-U supports multiple active configured grant configurations per BWP
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