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Introduction
We have discussed below issues to enhance RACH performance.
1) Whether a CBRA is allowed on an SCell? 
2) In NR-U CA scenario, how to provide additional RA opportunities to combat LBT failures?
3) How to provide additional opportunities for Msg1 in a wideband carrier?
4) Signalling SFN in RAR
5) Handling of ra-ContentionResolutionTimer upon occurrence of LBT failures.
[bookmark: _Ref525831656]Discussions
Channel-occupancy aware RA
In LTE eLAA/feLAA, a UE supports measurements of averaged RSSI and channel occupancy for measurement reports. The channel occupancy is defined as percentage of time that RSSI was measured above a configured threshold. The RSSI measurements together with the time information concerning when and how long time that UEs have made the measurements can assist the gNB/eNB to detect the hidden node.
1. [bookmark: _Toc525731470][bookmark: _Toc525734086][bookmark: _Toc525735629][bookmark: _Toc525831630][bookmark: _Toc525831678][bookmark: _Toc525831712][bookmark: _Toc525831759][bookmark: _Toc528676271][bookmark: _Toc528676406][bookmark: _Toc528676483][bookmark: _Toc528676521][bookmark: _Toc528750682][bookmark: _Toc528881539][bookmark: _Toc535843458][bookmark: _Toc535844187][bookmark: _Toc1075992][bookmark: _Toc1076013][bookmark: _Toc7735997][bookmark: _Toc16702142][bookmark: _Toc16790100][bookmark: _Toc16803792][bookmark: _Toc19538576][bookmark: _Toc20723224][bookmark: _Toc20906349][bookmark: _Toc20916863][bookmark: _Toc20990951][bookmark: _Toc20991082][bookmark: _Toc21006231][bookmark: _Toc21004809][bookmark: _Toc21006475][bookmark: _Toc21032378][bookmark: _Toc21032464]Channel occupancy measurements are beneficial for the gNB to achieve a load balanced channel access and reduce the channel access collisions.
We think the system congestion is the root cause for an LBT failure. If the UE can select the cell/BWP/channel with lowest congestion/load, the UE would then have highest probability to make a successful LBT. This observation is valid in general, not only in the context of random access, but also for data transmission. Therefore, in the context of random access, RAN2 shall study the channel-occupancy aware RACH procedure as one of key solutions to overcome the LBT failure. For example, RAN2 could study conditions, such as the channel occupancy level, under which the UE can initiate a RACH in a certain cell. If the UE selects a cell or BWP with lowest channel occupancy for a RACH procedure, the UE can then have higher probability to win the channel for RACH transmissions. In principle, this approach is applicable to all RA procedures triggered for different RA events (i.e., CBRA or CFRA, including both 4-step RA and 2-step RA). 
Therefore, we make the below proposal:
1. [bookmark: _Toc525731480][bookmark: _Toc525734546][bookmark: _Toc525735634][bookmark: _Toc525807647][bookmark: _Toc525831487][bookmark: _Toc525831635][bookmark: _Toc525831683][bookmark: _Toc525831717][bookmark: _Toc525831764][bookmark: _Toc528237634][bookmark: _Toc528237901][bookmark: _Toc528238424][bookmark: _Toc528241260][bookmark: _Toc528676274][bookmark: _Toc528676478][bookmark: _Toc528676486][bookmark: _Toc528676524][bookmark: _Toc528750685][bookmark: _Toc528881542][bookmark: _Toc535843383][bookmark: _Toc535844183][bookmark: _Toc1050894][bookmark: _Toc1075995][bookmark: _Toc1076016][bookmark: _Toc4665128][bookmark: _Toc7736001][bookmark: _Toc16702145][bookmark: _Toc16790103][bookmark: _Toc16803795][bookmark: _Toc19536794][bookmark: _Toc19538568][bookmark: _Toc20723240][bookmark: _Toc20916854][bookmark: _Toc20990960][bookmark: _Toc20991092][bookmark: _Toc21006251][bookmark: _Toc21004819][bookmark: _Toc21006485][bookmark: _Toc21006493][bookmark: _Toc21032388][bookmark: _Toc21032474][bookmark: _Toc21032482]For RA triggered at the UE, RAN2 considers channel occupancy aware RACH procedure as one of the key solutions for NR-U RACH enhancements to overcome the LBT failures.
The UE can then, e.g., initiate a RACH procedure on a cell with lowest channel occupancy. 
Additional RA opportunities in CA
In NR licensed, both CBRA and CFRA are supported in the primary cell. It is only CFRA allowed in an SCell. In addition, a RAR message is only transmitted in the primary cell. It is mainly due to the restriction of PDCCH search space. The common PDCCH search space (CSS) is only configured in the primary cell.
1. [bookmark: _Toc525735630][bookmark: _Toc525831631][bookmark: _Toc525831679][bookmark: _Toc525831713][bookmark: _Toc525831760][bookmark: _Toc528676272][bookmark: _Toc528676407][bookmark: _Toc528676484][bookmark: _Toc528676522][bookmark: _Toc528750683][bookmark: _Toc528881540][bookmark: _Toc535843459][bookmark: _Toc535844188][bookmark: _Toc1075993][bookmark: _Toc1076014][bookmark: _Toc7735998][bookmark: _Toc16702143][bookmark: _Toc16790101][bookmark: _Toc16803793][bookmark: _Toc19538577][bookmark: _Toc20723225][bookmark: _Toc20906350][bookmark: _Toc20916864][bookmark: _Toc20990952][bookmark: _Toc20991083][bookmark: _Toc21006232][bookmark: _Toc21004810][bookmark: _Toc21006476][bookmark: _Toc21032379][bookmark: _Toc21032465]In NR licensed, it is only CFRA allowed in an SCell.
1. [bookmark: _Toc525735631][bookmark: _Toc525831632][bookmark: _Toc525831680][bookmark: _Toc525831714][bookmark: _Toc525831761][bookmark: _Toc528676273][bookmark: _Toc528676408][bookmark: _Toc528676485][bookmark: _Toc528676523][bookmark: _Toc528750684][bookmark: _Toc528881541][bookmark: _Toc535843460][bookmark: _Toc535844189][bookmark: _Toc1075994][bookmark: _Toc1076015][bookmark: _Toc7735999][bookmark: _Toc16702144][bookmark: _Toc16790102][bookmark: _Toc16803794][bookmark: _Toc19538578][bookmark: _Toc20723226][bookmark: _Toc20906351][bookmark: _Toc20916865][bookmark: _Toc20990953][bookmark: _Toc20991084][bookmark: _Toc21006233][bookmark: _Toc21004811][bookmark: _Toc21006477][bookmark: _Toc21032380][bookmark: _Toc21032466]In NR licensed, the RAR transmission is limited to the primary cell.
However, in NR-U, it is beneficial to allow the UE to transmit a RA (both CBRA and CFRA) on any active serving cell to gain additional RA opportunities.  Allowing a UE to perform CBRA on an SCell is motivated by several aspects.  One example is a PUCCH SR failure may be triggered by LBT failure in one serving cell. In this case, the UE has reached the maximum PUCCH SR attempts while the UE has not received UL grant. In NR-U, it may be more often for a UE to occur PUCCH-SR failures due to LBT failure, meaning that it may be more often to trigger RA-SRs than in NR licensed cells. Therefore, it is reasonable for the UE to transmit a CBRA on SCells to gain more RA opportunities. Another example is a CFRA triggered by a PDCCH order may be blocked by LBT failures in an SCell so that the UE misses the scheduled RA occasion. It would be helpful if the UE is allowed to fallback to CBRA in the same or in a different SCell. The UE then has more chances for that RA to get through. Yet another example is in case the UE fails to transmit a CBRA BFR RA in the primary cell, the UE can send the RA in other serving cell to achieve a fast recovery for the beam failure. In order to do this, the PRACH configuration/resources need to be configured for every serving cell (or optionally a subset of serving cells). 
Whenever an RA is triggered at the UE, the UE may perform LBT on multiple serving cells in parallel and select a cell with a successful LBT to transmit Msg1. It is reasonable to transmit the subsequent RA messages in this cell to avoid LBT failures. In this way, the RAR can be transmitted in the same SCell in which the PRACH was sent earlier, since if the UE succeeded with LBT for the PRACH in that SCell, very likely the same SCell can offer good performances also for the RAR. Similar considerations apply to the following random access messages, such as Msg3 and Msg4. This would also limit the gNB/UE complexity to monitor the different random access messages in different cells. Of course, it should be also possible for the gNB to configure the UE such that the RAR is transmitted and the msg4 are transmitted in the PCell as in legacy NR.
1. [bookmark: _Toc525731481][bookmark: _Toc525734547][bookmark: _Toc525735635][bookmark: _Toc525807648][bookmark: _Toc525831488][bookmark: _Toc525831636][bookmark: _Toc525831684][bookmark: _Toc525831718][bookmark: _Toc525831765][bookmark: _Toc528237635][bookmark: _Toc528237902][bookmark: _Toc528238425][bookmark: _Toc528241261][bookmark: _Toc528676275][bookmark: _Toc528676479][bookmark: _Toc528676487][bookmark: _Toc528676525][bookmark: _Toc528750686][bookmark: _Toc528881543][bookmark: _Toc535843384][bookmark: _Toc535844184][bookmark: _Toc1075996][bookmark: _Toc1076017][bookmark: _Toc4665129][bookmark: _Toc7736002][bookmark: _Toc16702146][bookmark: _Toc16790104][bookmark: _Toc16803796][bookmark: _Toc19536795][bookmark: _Toc19538569][bookmark: _Toc20723241][bookmark: _Toc20916855][bookmark: _Toc20990961][bookmark: _Toc20991093][bookmark: _Toc21006252][bookmark: _Toc21004820][bookmark: _Toc21006486][bookmark: _Toc21006494][bookmark: _Toc21032389][bookmark: _Toc21032475][bookmark: _Toc21032483][bookmark: _Toc1050895]For RA triggered at the UE, the UE is allowed to select any serving cell configured with PRACH resources to transmit a Msg1 (or MsgA in 2-step RACH) (both CBRA and CFRA). 
1. [bookmark: _Toc525731482][bookmark: _Toc525734548][bookmark: _Toc525735636][bookmark: _Toc525807649][bookmark: _Toc525831489][bookmark: _Toc525831637][bookmark: _Toc525831685][bookmark: _Toc525831719][bookmark: _Toc525831766][bookmark: _Toc528237636][bookmark: _Toc528237903][bookmark: _Toc528238426][bookmark: _Toc528241262][bookmark: _Toc528676276][bookmark: _Toc528676480][bookmark: _Toc528676488][bookmark: _Toc528676526][bookmark: _Toc528750687][bookmark: _Toc528881544][bookmark: _Toc535843385][bookmark: _Toc535844185][bookmark: _Toc1050896][bookmark: _Toc1075997][bookmark: _Toc1076018][bookmark: _Toc4665130][bookmark: _Toc7736003][bookmark: _Toc16702147][bookmark: _Toc16790105][bookmark: _Toc16803797][bookmark: _Toc19536796][bookmark: _Toc19538570][bookmark: _Toc20723242][bookmark: _Toc20916856][bookmark: _Toc20990962][bookmark: _Toc20991094][bookmark: _Toc21006253][bookmark: _Toc21004821][bookmark: _Toc21006487][bookmark: _Toc21006495][bookmark: _Toc21032390][bookmark: _Toc21032476][bookmark: _Toc21032484]The gNB can configure the UE such that the whole RA procedure is completed in the same serving cell where the Msg1 (or MsgA in 2-step RACH) is transmitted.
1. [bookmark: _Toc525731483][bookmark: _Toc525734549][bookmark: _Toc525735637][bookmark: _Toc525807650][bookmark: _Toc525831490][bookmark: _Toc525831638][bookmark: _Toc525831686][bookmark: _Toc525831720][bookmark: _Toc525831767][bookmark: _Toc528237637][bookmark: _Toc528237904][bookmark: _Toc528238427][bookmark: _Toc528241263][bookmark: _Toc528676277][bookmark: _Toc528676481][bookmark: _Toc528676489][bookmark: _Toc528676527][bookmark: _Toc528750688][bookmark: _Toc528881545][bookmark: _Toc535843386][bookmark: _Toc535844186][bookmark: _Toc1050897][bookmark: _Toc1075998][bookmark: _Toc1076019][bookmark: _Toc4665131][bookmark: _Toc7736004][bookmark: _Toc16702148][bookmark: _Toc16790106][bookmark: _Toc16803798][bookmark: _Toc19536797][bookmark: _Toc19538571][bookmark: _Toc20723243][bookmark: _Toc20916857][bookmark: _Toc20990963][bookmark: _Toc20991095][bookmark: _Toc21006254][bookmark: _Toc21004822][bookmark: _Toc21006488][bookmark: _Toc21006496][bookmark: _Toc21032391][bookmark: _Toc21032477][bookmark: _Toc21032485]For Msg1 (or MsgA in 2-step RACH) transmitted on an SCell, the gNB can configure the UE such that RAR and Msg4 (or MsgB in 2-step RACH) transmission are performed in the PCell, as in legacy NR.
Additional opportunities for Msg1 in wideband carrier
With support of multiple LBT sub-bands within a BWP, PRACH resources can be configured across LBT sub-bands, in this way, we may achieve benefits of providing additional transmission opportunities for an NR-U UE to mitigate the negative impact imposed by LBT operations. 
1. [bookmark: _Toc19538579][bookmark: _Toc20723227][bookmark: _Toc20906352][bookmark: _Toc20916866][bookmark: _Toc20990954][bookmark: _Toc20991085][bookmark: _Toc21006234][bookmark: _Toc21004812][bookmark: _Toc21006478][bookmark: _Toc21032381][bookmark: _Toc21032467]Additional transmission opportunities can be provided for Msg1 by configuring PRACH resources across different sub-bands.
In 5 GHz unlicensed band, the initial BWP is restricted to the bandwidth of a LBT subband, e.g., 20 MHz. Hence, consists of one LBT sub-band. Therefore, it is not feasible for the RA triggered for initial system access to provide multiple opportunities for Msg1 via configuring PRACH resources across LBT sub-bands.
1. [bookmark: _Toc19538580][bookmark: _Toc20723228][bookmark: _Toc20906353][bookmark: _Toc20916867][bookmark: _Toc20990955][bookmark: _Toc20991086][bookmark: _Toc21006235][bookmark: _Toc21004813][bookmark: _Toc21006479][bookmark: _Toc21032382][bookmark: _Toc21032468]The initial BWP bandwidth is restricted to one LBT sub-band, therefore, it is not feasible to provide additional opportunities for RA triggered for initial system access via multiple LBT sub-bands.
For a RA triggered for initial system access, it is not feasible to provide more opportunities for Msg1 via configuring multiple ROs distributing in different LBT subbands.  Further studies are necessary however, which can be left to future releases since it may require big standardization efforts. 
1. [bookmark: _Toc20723244][bookmark: _Toc20916858][bookmark: _Toc20990964][bookmark: _Toc20991096][bookmark: _Toc21006255][bookmark: _Toc21004823][bookmark: _Toc21006489][bookmark: _Toc21006497][bookmark: _Toc21032392][bookmark: _Toc21032478][bookmark: _Toc21032486]For a RA triggered for initial system access, further enhancement on how to provide more opportunities for Msg1 can be left for future releases.

For RA triggered in RRC Connected or RRC Inactive states, there are two options to configure PRACH resources across different LBT sub-bands
Option 1: PRACH configuration per LBT subband
Option 2: A single PRACH configuration across LBT subband
Option 1 is not preferred since it would bring substantial work for the RRC spec, since the PRACH configuration is configured per BWP in the existing NR spec,  introduction of the LBT sub-band would mean that RAN2 has to change the container structure for the PRACH configuration, leading to much efforts which makes it difficult to be completed within the Rel-16 time scope.
1. [bookmark: _Toc19538581][bookmark: _Toc20723229][bookmark: _Toc20906354][bookmark: _Toc20916868][bookmark: _Toc20990956][bookmark: _Toc20991087][bookmark: _Toc21006236][bookmark: _Toc21004814][bookmark: _Toc21006480][bookmark: _Toc21032383][bookmark: _Toc21032469]PRACH configuration per LBT subband is not preferred due to substantial spec efforts imposed on the RRC spec.
Instead, the Option 2 is more preferred since it may require small efforts for RAN2 to change the spec. In the NR Rel-15, the time domain locations for PRACH resources are configured by the parameter prach-ConfigurationIndex while the frequency domain locations for RA preambles are configured by the parameter msg1-FrequencyStart and the parameter msg1-FDM. The three parameters are carried by the RRC IE RACH-ConfigGeneric, which is further carried by the IE RACH-ConfigCommon in the IE BWP-UplinkCommon. In this way, the PRACH resources are configure per BWP. The ROs in the frequency domain are placed consecutively starting from the frequency position specified by the parameter msg1-FrequencyStart. Depending on the setting of this offset, ROs in frequency domain may be configured across at maximum two LBT sub-bands. So, the existing PRACH configuration framework is not sufficient to configure PRACH ROs across all LBT sub-bands.
1. [bookmark: _Toc19538582][bookmark: _Toc20723230][bookmark: _Toc20906355][bookmark: _Toc20916869][bookmark: _Toc20990957][bookmark: _Toc20991088][bookmark: _Toc21006237][bookmark: _Toc21004815][bookmark: _Toc21006481][bookmark: _Toc21032384][bookmark: _Toc21032470]In NR Rel-15, it is not possible to configure a single PRACH configuration across all LBT sub-bands in a BWP.
Thus, it is necessary to enhance the existing PRACH configuration framework to allow ROs are distributed equally among all LBT subbnds per BWP. Meanwhile, the enhancements should be controlled as minimum as possible to limit the working load imposed on both RAN1 and RAN2. Bearing this guideline in mind, an additional offset between two consecutive ROs in frequency domain such as named as msg1-ROFrequencyOffset can be defined for the RACH-ConfigGeneric. By properly adjusting the frequency offset between two ROs, ROs can be distributed in all LBT subbands. This new offset takes the values in a range between 0 and maxNrofPhysicalResourceBlocks-1. This offset is applied in case there are at least 2 ROs configured in the frequency domain (i.e., msg1-FDM = two).
1. [bookmark: _Toc19536799][bookmark: _Toc19538573][bookmark: _Toc20723245][bookmark: _Toc20916859][bookmark: _Toc20990965][bookmark: _Toc20991097][bookmark: _Toc21006256][bookmark: _Toc21004824][bookmark: _Toc21006490][bookmark: _Toc21006498][bookmark: _Toc21032393][bookmark: _Toc21032479][bookmark: _Toc21032487][bookmark: RACH_ConfigGeneric]For a UE in RRC Connected or RRC Inactive, to support a PRACH configuration with ROs distributed among all LBT subbands, introduce an additional offset in the RACH-ConfigGeneric to configure the offset between two consecutive ROs in frequency domain.
As one example, the new offset field is defined as below
RACH-ConfigGeneric ::=          SEQUENCE {
[bookmark: prach_ConfigurationIndex]    prach-ConfigurationIndex         INTEGER (0..255),
[bookmark: msg1_FDM]    msg1-FDM                         ENUMERATED {one, two, four, eight},
[bookmark: msg1_FrequencyStart]    msg1-FrequencyStart              INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    zeroCorrelationZoneConfig        INTEGER(0..15),
    preambleReceivedTargetPower      INTEGER (-200..-74),
    preambleTransMax                 ENUMERATED {n3,n4,n5,n6,n7,n8,n10,n20,n50,n100,n200},
    powerRampingStep                 ENUMERATED {dB0, dB2, dB4, dB6},
    ra-ResponseWindow                ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80}
   ..., 
    [[
    msg1-ROFrequencyOffset-r16        INTEGER (0..maxNrofPhysicalResourceBlocks-1),    OPTIONAL,   -- Need R
    ]]
}

[bookmark: _Toc16511467][bookmark: _Toc16759047][bookmark: _Toc16511468][bookmark: _Toc16759048][bookmark: _Toc16511469][bookmark: _Toc16759049][bookmark: _Toc16511470][bookmark: _Toc16759050][bookmark: _Toc16511561][bookmark: _Toc16759141][bookmark: _Toc16511562][bookmark: _Toc16759142][bookmark: _Toc16511563][bookmark: _Toc16759143][bookmark: _Toc16511564][bookmark: _Toc16759144][bookmark: _Toc16511565][bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Signalling SFN in RAR
 According to the agreement made in RAN#107 on how to enable longer RAR windows for NR-U,
· Will support extension of RAR window without modifying RA-RNTI. 

· Include LSBs of SFN in MSG2

the SFN should be added to the RAR. For the 2-step Random Access procedure, the need for longer msgB window (i.e. corresponding to RAR window for 4-step) has been identified and the problem of how to enable this has been discussed. To simplify both specifications, implementations and future enhancements it would be advantageous if the same method is used for both NR-U and 2-step RA.

[bookmark: _Toc20991089][bookmark: _Toc21006238][bookmark: _Toc21004816][bookmark: _Toc21006482][bookmark: _Toc21032385][bookmark: _Toc21032471]It is beneficial for specification, implementation and future enhancements if both NR-U and the 2-step procedure use the same method to enable longer RAR and msgB windows.
[bookmark: _Toc16521123][bookmark: _Toc16581022]In our accompanying paper [1], it is proposed to add SFN (among other things) into a subheader for msgB. The same subheader could be used for NR-U 4-step RAR to carry the LSBs of the SFN. What this new subheader would look like for the NR-U RAR is depicted in Figure 2.
[image: ]
[bookmark: _Ref20919051]Figure 2 New subheader for 4-step RAR in NR-U
We believe it is advantageous to use the same approach for the NR-U RAR as for msgB in 2-step RA we propose:
1. [bookmark: _Toc20991098][bookmark: _Toc21006257][bookmark: _Toc21004825][bookmark: _Toc21006491][bookmark: _Toc21006499][bookmark: _Toc21032394][bookmark: _Toc21032480][bookmark: _Toc21032488]Adopt the subheader for the NR-U RAR as shown in Figure 2.
[bookmark: _Toc4658870][bookmark: _Toc4658886][bookmark: _Toc766283][bookmark: _Toc868954][bookmark: _Toc868994][bookmark: _Toc878629][bookmark: _Toc878642][bookmark: _Toc878706][bookmark: _Toc878720][bookmark: _Toc878730][bookmark: _Toc878761][bookmark: _Toc766284][bookmark: _Toc868955][bookmark: _Toc868995][bookmark: _Toc878630][bookmark: _Toc878643][bookmark: _Toc878707][bookmark: _Toc878721][bookmark: _Toc878731][bookmark: _Toc878762][bookmark: _Toc4658809][bookmark: _Toc4658831][bookmark: _Toc4658855][bookmark: _Toc4658871][bookmark: _Toc4658887][bookmark: _Toc4658811][bookmark: _Toc4658833][bookmark: _Toc4658857][bookmark: _Toc4658752][bookmark: _Toc4658768][bookmark: _Toc4658786][bookmark: _Toc4658812][bookmark: _Toc4658834][bookmark: _Toc4658858][bookmark: _Toc525565501][bookmark: _Toc4658713][bookmark: _Toc4658741][bookmark: _Toc4658753][bookmark: _Toc4658769][bookmark: _Toc4658872][bookmark: _Toc4658888][bookmark: _Toc4658714][bookmark: _Toc4658742][bookmark: _Toc4658754][bookmark: _Toc4658770][bookmark: _Toc4658788][bookmark: _Toc4658813][bookmark: _Toc4658835][bookmark: _Toc4658859][bookmark: _Toc4658873][bookmark: _Toc4658889]Contention Resolution for NR-U
For unlicensed spectrum that uses LBT as the sharing mechanism, a scheduled transmission may not be performed due to LBT failure. In RAN2#105bis the following agreement was reached:
Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS

In case the first option (option a) is chosen, the MAC layer does not know if the LBT was successful but will still start the ra-ContentionResolutionTimer. If the LBT fails, the procedure relies on that the gNB schedules HARQ retransmissions of Msg3 while the timer is running to receive Msg3. In case no original Msg3 is received this could be caused by either the UE not receiving the RAR (for other reason than DL LBT failure which would be known by gNB) or that msg3 transmission is blocked by LBT (or transmission failed for other reason than LBT). However, misdetection of Msg2 would be less frequent than failure to transmit Msg3 due to LBT failure. Hence, in NR-U, an important reason for transmission failure can be expected to be LBT failure so it can be assumed that failure of reception of an original Msg3 transmission is often caused by LBT failure when transmitting Msg3. 
[bookmark: _Toc7272527][bookmark: _Toc16065913][bookmark: _Toc16804060][bookmark: _Toc20723238][bookmark: _Toc20906363][bookmark: _Toc20916870][bookmark: _Toc20990958][bookmark: _Toc20991090][bookmark: _Toc21006239][bookmark: _Toc21004817][bookmark: _Toc21006483][bookmark: _Toc21032386][bookmark: _Toc21032472]In NR-U, a probable cause of failure to receive the original Msg3 transmission will be LBT failure.
In case gNB does not receive the original Msg3 transmission it can schedule one or several Msg3 retransmissions to ensure that the Msg3 transmission succeeds.
In case the option b is chosen, the procedure will rely on that the UE returns to RACH resource selection, transmits a preamble, receives a new RAR with grant for a new Msg3 transmission. This would require one UL and one DL LBT to obtain a new grant compared to option a which only requires one DL LBT to obtain a new grant. In addition to an extra LBT, depending on the used PRACH configuration, there may be considerable latency before the next possible preamble transmission opportunity which would cause extra delay compared to option a. The UE also faces the risk of not having its new preamble detected and even back off in case the PRACH load is high. 
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Based on the above analysis we propose.
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In section 2 we made the following observations:
Observation 1	Channel occupancy measurements are beneficial for the gNB to achieve a load balanced channel access and reduce the channel access collisions.
Observation 2	In NR licensed, it is only CFRA allowed in an SCell.
Observation 3	In NR licensed, the RAR transmission is limited to the primary cell.
Observation 4	Additional transmission opportunities can be provided for Msg1 by configuring PRACH resources across different sub-bands.
Observation 5	The initial BWP bandwidth is restricted to one LBT sub-band, therefore, it is not feasible to provide additional opportunities for RA triggered for initial system access via multiple LBT sub-bands.
Observation 6	PRACH configuration per LBT subband is not preferred due to substantial spec efforts imposed on the RRC spec.
Observation 7	In NR Rel-15, it is not possible to configure a single PRACH configuration across all LBT sub-bands in a BWP.
Observation 8	It is beneficial for specification, implementation and future enhancements if both NR-U and the 2-step procedure use the same method to enable longer RAR and msgB windows.
Observation 9	In NR-U, a probable cause of failure to receive the original Msg3 transmission will be LBT failure.
Observation 10	Starting the CR timer only after successful LBT will require one extra LBT and cause additional latency compared to starting the CR timer regardless of LBT outcome of Msg3 transmission.

Based on the discussion in section 2 we propose the following:
Proposal 1	For RA triggered at the UE, RAN2 considers channel occupancy aware RACH procedure as one of the key solutions for NR-U RACH enhancements to overcome the LBT failures.
Proposal 2	For RA triggered at the UE, the UE is allowed to select any serving cell configured with PRACH resources to transmit a Msg1 (or MsgA in 2-step RACH) (both CBRA and CFRA).
Proposal 3	The gNB can configure the UE such that the whole RA procedure is completed in the same serving cell where the Msg1 (or MsgA in 2-step RACH) is transmitted.
Proposal 4	For Msg1 (or MsgA in 2-step RACH) transmitted on an SCell, the gNB can configure the UE such that RAR and Msg4 (or MsgB in 2-step RACH) transmission are performed in the PCell, as in legacy NR.
Proposal 5	For a RA triggered for initial system access, further enhancement on how to provide more opportunities for Msg1 can be left for future releases.
Proposal 6	For a UE in RRC Connected or RRC Inactive, to support a PRACH configuration with ROs distributed among all LBT subbands, introduce an additional offset in the RACH-ConfigGeneric to configure the offset between two consecutive ROs in frequency domain.
Proposal 7	Adopt the subheader for the NR-U RAR as shown in Figure 2.
Proposal 8	Option a is chosen, i.e the ra-ContentionResolutionTimer is started regardless of LBT outcome of Msg3 transmission
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