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Introduction
In this paper we discuss the remaining issues for msg1, msg2 and msg3. 
In the RAN2#107bis, RAN2 has discussed whether or not to support the RAR transmission on an SCell. RAN2 has concluded to not support the RAR on an SCell in Rel-16. The relevant chairman notes are highlighted as below
Discussion on whether RAR transmission on an SCell should be allowed
-	Ericsson would like both preamble and RAR to be allowed.  Oppo would like to prevent sending preamble and RAR on different cells. 
-	Huawei supports sending RAR on SCells but not preamble.  
-	Nokia doesn’t supports this as we don’t have common search space on SCell.   LG agrees with Nokia.
-	Samsung explains that for SCell we only support CFRA and this is an optimization.  ZTE thinks that we should allow as otherwise we would need to change the RAR for licensed carrier.   Nokia thinks that we haven’t agreed whether we will change RAR or not.  
=>	This will not be supported for Rel-16
Further related agreements 
Agreements:
-	From RAN2 point of view it is beneficial to include LSB of SFN in the DCI.  The same design is desirable to be used for 2-step RACH.   Write LS to RAN1 to ask if there is any feasibility issues.  
-	For NR-U, 2 bits are enough for a maximum of 40ms response windows.  
-	Multiplexing of responses for more than one SFN is not allowed.
-	ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission

Considering above conclusion and agreements, we discuss these issues for enhanced 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) Signalling options for LBT category for msg3
6) Multiple msg3 opportunities
7) Channel access for msg3
Remaining msg1 and msg2 issues
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.
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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][bookmark: _Toc23969791][bookmark: _Toc23971076][bookmark: _Toc24049806][bookmark: _Toc24049831][bookmark: _Toc24049871][bookmark: _Toc24050527][bookmark: _Toc24050576]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.
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Allowing a UE to perform CBRA on an SCell is motivated by several aspects. One example is a PUCCH SR failure (the UE has reached the maximum PUCCH SR attempts while the UE has not received UL grant) may be triggered by LBT failure in one serving cell. In NR-U, this may happen more often and the UE will then do RA-SR more often 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 can fallback to CBRA in the same or in a different SCell. The UE then has more chances for that RA gets 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 from 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 the serving cells). 
Whenever an RA is triggered at the UE, the UE may perform LBT on multiple serving cells in parallel and select to transmit Msg1 in a cell where LBT is successful. 
Since RAN2 has agreed to not support transmission of the RAR on SCell in Rel-16, we can have the RAR and msg4 transmitted in the SpCell as in legacy NR.
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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. 
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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.
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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. 
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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.
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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 a maximum of two LBT sub-bands. So, the existing PRACH configuration framework is not sufficient to configure PRACH ROs across all LBT sub-bands.
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Thus, it is easy to enhance the existing PRACH configuration framework to allow ROs to be 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 for example named 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).
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1. [bookmark: _Toc24049795][bookmark: _Toc24049842][bookmark: _Toc24049882][bookmark: _Toc24050538][bookmark: _Toc24050587]This allows PRACH configuration with ROs distributed among all LBT subbands by setting the offset to spread the frequency domain Ros to fall in each LBT subband.
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
    ]]
}
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According to the agreement made in RAN2#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

Thus, the SFN should be added to the msg2 in the payload or in the DCI. 
Further agreements were made at RAN2#107bis:
Agreements:
-	From RAN2 point of view it is beneficial to include LSB of SFN in the DCI.  The same design is desirable to be used for 2-step RACH.   Write LS to RAN1 to ask if there is any feasibility issues.  
-	For NR-U, 2 bits are enough for a maximum of 40ms response windows.  
-	Multiplexing of responses for more than one SFN is not allowed.
-	ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission

Here we analyse what shall be done if RAN1 does not find it to be feasible to include LSBs of SFN into the DCI.
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.
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[bookmark: _Toc16521123][bookmark: _Toc16581022]In the 2-step RACH work, 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 1.
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[bookmark: _Ref20919051]Figure 1 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:
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[bookmark: _Toc525731471]Remaining msg3 issues
Signalling options for LBT category of Msg3
Accordingly, in RAN1#97, RAN1 has made below agreements replying to the RAN2 LS. 
Agreement:
Reply to the RAN2 LS informing them of the following:
· RAN1 has made the following agreement which facilitates COT sharing between Msg2 and Msg3:
· LBT category for msg 3 initial transmission is provided to the UE in RAR
· Multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective but there is no consensus at this time in RAN1 to support this. RAN1 will continue discussions on the support of multiple msg3 tx opportunities.
In this section, we further discuss the remaining aspect
1) How to signal the LBT category for Msg3 initial transmission in the RAR?
In case it is feasible for Msg3 to share the DL COT initiated by the gNB with the DL transmission of Msg2, the gNB can decide LBT category for Msg3 depending on the gap duration (according to the Table 7.2.1.3.1-3 in TR 38.889). In other words, the LBT category is determined based on below conditions
· Category 1 immediate transmission for Msg3 if the gap is less than 16us
· Category 2 LBT for Msg3 if the gap is not more than 25us. 
For Category 2 LBT, it may be necessary for RAN1 to decide if Category 2 LBT in 16us duration can be applied for Msg3 if the gap is equal to 16us. 
[bookmark: _Toc16078563][bookmark: _Toc16079733][bookmark: _Toc16511462][bookmark: _Toc16759041][bookmark: _Toc16804109][bookmark: _Toc19538583][bookmark: _Toc20723231][bookmark: _Toc20908892][bookmark: _Toc20979714][bookmark: _Toc21011760][bookmark: _Toc21034507][bookmark: _Toc23969782][bookmark: _Toc23971067][bookmark: _Toc24049797][bookmark: _Toc24049845][bookmark: _Toc24049885][bookmark: _Toc24050541][bookmark: _Toc24050590]In case COT sharing between Msg2 and Msg3 is applied, the UE uses either Category 1 immediate transmission or Category 2 LBT for Msg3.
[bookmark: _Toc16078564][bookmark: _Toc16079734][bookmark: _Toc16511463][bookmark: _Toc16759042][bookmark: _Toc16804110][bookmark: _Toc19538584][bookmark: _Toc20723232][bookmark: _Toc20908893][bookmark: _Toc20979715][bookmark: _Toc21011761][bookmark: _Toc21034508][bookmark: _Toc23969783][bookmark: _Toc23971068][bookmark: _Toc24049798][bookmark: _Toc24049846][bookmark: _Toc24049886][bookmark: _Toc24050542][bookmark: _Toc24050591]It may be necessary for RAN1 to decide if Category 2 LBT in 16us duration can be applied for Msg3 if the gap is equal to 16us.
However, there are cases when COT sharing between Msg2 and Msg3 is not feasible, if no other DL transmission can occupy the gap between the end of the DL transmission to the beginning of the Msg3 transmission or the COT would become too long to fulfil regulatory requirements. In these cases, the UE shall apply Category 4 LBT with highest priority CAPC for Msg3 when msg3 contains only control plane data, which has been already agreed by RAN1. 
[bookmark: _Toc16078565][bookmark: _Toc16079735][bookmark: _Toc16511464][bookmark: _Toc16759043][bookmark: _Toc16804111][bookmark: _Toc19538585][bookmark: _Toc20723233][bookmark: _Toc20908894][bookmark: _Toc20979716][bookmark: _Toc21011762][bookmark: _Toc21034509][bookmark: _Toc23969784][bookmark: _Toc23971069][bookmark: _Toc24049799][bookmark: _Toc24049847][bookmark: _Toc24049887][bookmark: _Toc24050543][bookmark: _Toc24050592]As agreed by RAN1, the UE shall apply Category 4 LBT with highest priority CAPC for Msg3, containing no user plane data, in case COT sharing between Msg2 and Msg3 is not applied.
In total, it will be enough to use 2 bits for signalling msg3 LBT category (Cat1, Cat2/16us, Cat2/25us or Cat4), or depending on the RAN1 decision even one bit may be enough.
[bookmark: _Toc16078566][bookmark: _Toc16079736][bookmark: _Toc16511465][bookmark: _Toc16759044][bookmark: _Toc16804112][bookmark: _Toc19538586][bookmark: _Toc20723234][bookmark: _Toc20908895][bookmark: _Toc20979717][bookmark: _Toc21011763][bookmark: _Toc21034510][bookmark: _Toc23969785][bookmark: _Toc23971070][bookmark: _Toc24049800][bookmark: _Toc24049848][bookmark: _Toc24049888][bookmark: _Toc24050544][bookmark: _Toc24050593]Signalling LBT category for msg3 will require one or two bits.
In addition, the gNB needs to signal LBT category for UL data transmission with a dynamic grant. In that case, LBT category is signalled in the DCI. In the LTE LAA, for dynamic scheduling, channel access type and channel access priority class are signalled via uplink grant in DCI (e.g., format 0A and format 0B), where channel access type occupies 1 bit, and CAPC occupies 2 bits. 
[bookmark: _Toc14962746][bookmark: _Toc16078569][bookmark: _Toc16079739][bookmark: _Toc16511567][bookmark: _Toc16759147][bookmark: _Toc16804114][bookmark: _Toc19538587][bookmark: _Toc20723235][bookmark: _Toc20908896][bookmark: _Toc20979718][bookmark: _Toc21011764][bookmark: _Toc21034511][bookmark: _Toc23969786][bookmark: _Toc23971071][bookmark: _Toc24049801][bookmark: _Toc24049849][bookmark: _Toc24049889][bookmark: _Toc24050545][bookmark: _Toc24050594]Channel access type and channel access priority class are signalled via uplink grant in DCI for dynamic scheduling in LTE LAA.
We see three options for signaling LBT category for Msg3 by the gNB. 
In Option 1, as shown in the below Table 1/(3GPP TS 38.213/Table 8.2-1),  the LBT category is carried in the UL grant field in the RAR message. We may reuse some bits in the existing field or add a new field.
Table 1 (3GPP TS 38.213/Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1


In Option 2, the LBT category is carried in a non-UL grant field in the RAR.
In Option 3, the LBT category is carried in the DCI carrying DL assignments (i.e., format 1_0 addressed to RA-RNTI) for the RAR.
For Option 1, first it is challenging to reuse any existing bit since there may be a risk of reduced RACH performance compared to NR Rel-15, second a new field in the UL grant field may result a compatibility issue i.e., the legacy terminal may misinterpret the UL grant field. 
For Option 2,  inclusion of LBT category in RAR would mean the RAR size is extended by one byte for byte alignment purpose. Although LBT category requires only 2 bits, this would affect the DL coverage performance for RACH. Especially, when there are multiple MAC RARs multiplexed in a same MAC PDU, the total size increase for the MAC PDU will be a number of bytes, which affects the DL coverage performance for RACH. 
Instead, we prefer Option 3. In the DCI format 1_0 which carries DL assignments for the RAR, there are 16 R bits which are enough for LBT category. A legacy UE will not process the R bits, while a UE supporting unlicensed operation would interpret the R bits according to the new definition. In that way, we not only minimize the size increase for RAR, but also avoid affecting the legacy compatibility. 
[bookmark: _Toc20723246][bookmark: _Toc20979723][bookmark: _Toc20979840][bookmark: _Toc21011773][bookmark: _Toc21011902][bookmark: _Toc21034516][bookmark: _Toc23969799][bookmark: _Toc23971083][bookmark: _Toc24049812][bookmark: _Toc24049850][bookmark: _Toc24049890][bookmark: _Toc24050546][bookmark: _Toc24050595][bookmark: _Toc16804116][bookmark: _Toc19538574][bookmark: _Toc20908908][bookmark: _Toc16759149]It is preferred to signal the LBT category for Msg3 occupying 2 bits in the msg2 DCI format 1_0 scrambled with RA-RNTI. 
Necessity for multiple Msg3 opportunities 
As captured in the TR 38.889,
In order to alleviate the impact of LBT failures further, additional opportunities for the RACH messages may be introduced, e.g. in time or frequency domain, for both 4-step and 2-step RACH.  The additional opportunities for 4-step RACH will be applicable to both msg1 and msg3.

In the RAN2#105, there are several alternatives concerning how to provide additional opportunities for Msg3 proposed by different companies.
Alternative 1: Msg3 repetition in time domain. In this alternative, a UE can transmit a Msg3 with the same grant repetitively in time domain on multiple occasions.  In this alternative, an indicator indicating Msg3 repetitions is carried in the RAR.

Alternative 2: Multiple grants carried in the RAR. In this alternative, a UE receives multiple grants from one RAR message. The UE performs LBT for each grant and uses the grant which has passed the LBT for transmission of the Msg3. 

Alternative 3: Multiple RARs can be received within the same RAR window. In this alternative, a UE is allowed to receive multiple RAR messages within the same RAR window. Each RAR can carry a different grant.

We analyse pros and cons of all these alternatives in the below table.
Table 1: Pros and cons of the alternatives for enhancement of transmission opportunities for Msg3
	
	Ability to provide additional transmission opportunities for Msg3
	Potential spec changes

	Alternative 1 
(Msg3 repetition in time domain)
	Additional opportunities in time domain
	Require a repetition indicator in RAR message (at least 2 new bits depending on the number of repetitions)

	Alternative 2 
(Multiple grants carried in one RAR message)
	Additional opportunities in frequency domain and time domain
	Require additional grants carried in RAR message (27 new bits x number of additional grants)

	Alternative 3
(Multiple RAR messages received in a RAR window)
	Additional opportunities in frequency domain and time domain
	UE has to monitor the PDCCH continuously during the whole RAR window, this would increase the power consumption for the UE.



From this table, it is observed that all these alternatives require spec changes, especially the first two alternatives require the RAR format need to be changed. It is also worth noting that support of multiple opportunities for Msg3 has been agreed to be an optimization feature in the RAN plenary meeting [1]. 
[bookmark: _Toc4528168][bookmark: _Toc4598613][bookmark: _Toc4704504][bookmark: _Toc4704539][bookmark: _Toc7601379][bookmark: _Toc7692214][bookmark: _Toc7704625][bookmark: _Toc7708948][bookmark: _Toc7718655][bookmark: _Toc7734638][bookmark: _Toc7735631][bookmark: _Toc11250639][bookmark: _Toc11321903][bookmark: _Toc14963118][bookmark: _Toc16782079][bookmark: _Toc16794424][bookmark: _Toc16804792][bookmark: _Toc19538588][bookmark: _Toc20723236][bookmark: _Toc20908897][bookmark: _Toc20979719][bookmark: _Toc21011765][bookmark: _Toc21034512][bookmark: _Toc23969787][bookmark: _Toc23971072][bookmark: _Toc24049802][bookmark: _Toc24049851][bookmark: _Toc24049891][bookmark: _Toc24050547][bookmark: _Toc24050596]Support of multiple transmission opportunities for Msg3 would require extra spec changes (e.g., extra change requests to the RAR format).
[bookmark: _Toc11321904][bookmark: _Toc14963119][bookmark: _Toc16782080][bookmark: _Toc16794425][bookmark: _Toc16804793][bookmark: _Toc19538589][bookmark: _Toc20723237][bookmark: _Toc20908898][bookmark: _Toc20979720][bookmark: _Toc21011766][bookmark: _Toc21034513][bookmark: _Toc23969788][bookmark: _Toc23971073][bookmark: _Toc24049803][bookmark: _Toc24049852][bookmark: _Toc24049892][bookmark: _Toc24050548][bookmark: _Toc24050597]Support of multiple opportunities for Msg3 has been agreed to be an optimization feature in the RAN plenary meeting.
Therefore, we think RAN2 should focus on the remaining aspects for COT sharing between Msg2 and Msg3, and leave discussions for other alternatives to future releases. 
[bookmark: _Toc4528150][bookmark: _Toc4598631][bookmark: _Toc4598676][bookmark: _Toc4704506][bookmark: _Toc4704541][bookmark: _Toc7685130][bookmark: _Toc7692223][bookmark: _Toc7704617][bookmark: _Toc7708953][bookmark: _Toc7709016][bookmark: _Toc7718649][bookmark: _Toc7718671][bookmark: _Toc7734660][bookmark: _Toc7734662][bookmark: _Toc7734701][bookmark: _Toc7735636][bookmark: _Toc14963123][bookmark: _Toc16782082][bookmark: _Toc16794426][bookmark: _Toc16804794][bookmark: _Toc19538575][bookmark: _Toc20723247][bookmark: _Toc20908909][bookmark: _Toc20979724][bookmark: _Toc20979841][bookmark: _Toc21011774][bookmark: _Toc21011903][bookmark: _Toc21034517][bookmark: _Toc23969800][bookmark: _Toc23971084][bookmark: _Toc24049813][bookmark: _Toc24049853][bookmark: _Toc24049893][bookmark: _Toc24050549][bookmark: _Toc24050598]Multiple msg3 opportunities are left for future releases. 
Channel access for Msg3 in a RA procedure
RAN1 has agreed that it is feasible to share a COT between Msg2 and Msg3, where the COT is initiated by the gNB using transmission of Msg2 and other DL transmissions. In other words, if there is a COT available to share, the UE performs channel access for Msg3 according to indicated LBT category which is signalled by the gNB. Such action would be done by the UE regardless if there is UP data multiplexed in Msg3.
[bookmark: _Toc20908899][bookmark: _Toc20979721][bookmark: _Toc21011767][bookmark: _Toc21034514][bookmark: _Toc23969789][bookmark: _Toc23971074][bookmark: _Toc24049804][bookmark: _Toc24049854][bookmark: _Toc24049894][bookmark: _Toc24050550][bookmark: _Toc24050599]In case there is a shared DL COT, the UE performs channel access for a Msg3 according to indicated LBT category which is signalled by the gNB. Such action would be done by the UE regardless if there is UP data multiplexed in Msg3 
According to the 3GPP TR 38.889, 
Table 7.2.1.3.1-4 Channel access schemes for initiating a COT by UE as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	RACH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	PUCCH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value



Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.
Note 2: Applicability of a channel access scheme other than Cat 4 for the following signals / channels have been discussed and details are to be determined when the specifications are developed:
-	UL control information including UCI only on PUSCH, e.g. HARQ-ACK, Scheduling Request, and Channel State Information
-	Random Access
The UE uses Cat4 with highest priority CAPC (i.e., CAPC= 1) for RACH-only transmission (including all RACH messages part of a RACH procedure). However, there is still a question on how to choose channel access for a Msg3 if the Msg3 has also included some UP data. 
[bookmark: _Toc20979722][bookmark: _Toc21011768][bookmark: _Toc21034515][bookmark: _Toc23969790][bookmark: _Toc23971075][bookmark: _Toc24049805][bookmark: _Toc24049855][bookmark: _Toc24049895][bookmark: _Toc24050551][bookmark: _Toc24050600]If there is no shared COT available for a Msg3, the UE shall use Category 4 with highest priority CAPC (i.e., CAPC = 1) for the Msg3 (without inclusion of UP data) as agreed by RAN1.
As captured in the Note 1, we interpret that the LBT type and/or the channel access priority class (CAPC) for a Msg3 with UP data should be determined according to the priority associated with the data since the data would have lower priority than the other content in the Msg3, 
Therefore, we make the below proposal.
[bookmark: _Toc20908910][bookmark: _Toc20979725][bookmark: _Toc20979842][bookmark: _Toc21011775][bookmark: _Toc21011904][bookmark: _Toc21034518][bookmark: _Toc23969801][bookmark: _Toc23971085][bookmark: _Toc24049814][bookmark: _Toc24049856][bookmark: _Toc24049896][bookmark: _Toc24050552][bookmark: _Toc24050601]For a Msg3 not sharing COT with msg2 and containing not only CP data, the UE chooses LBT type and/or CAPC for Msg3 according to the priority associated with the data.

Conclusion
Based on the discussion in section Error! Reference source not found. we observe and propose the following:
Observation 1	Channel occupancy measurements are beneficial for the gNB to achieve a load balanced channel access and reduce the channel access collisions.
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.
Observation 2	In NR licensed, only CFRA is allowed in an SCell.
Observation 3	In NR licensed, the RAR transmission is limited to the primary cell.
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	For Msg1 (or MsgA in 2-step RACH) transmitted on an SCell, the RAR and Msg4 (or MsgB in 2-step RACH) transmission are performed in the SpCell, as in legacy NR.
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.
Proposal 4	For a RA triggered for initial system access, further enhancement on how to provide more opportunities for Msg1 can be left for future releases.
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, a maximum of two LBT subbands can be covered by ROs and it is not possible to configure a single PRACH configuration across all LBT sub-bands in a BWP.
Proposal 5	For a UE in RRC Connected or RRC Inactive, introduce an additional offset between two consecutive ROs in the frequency domain. The new offset is configured in the RACH-ConfigGeneric.
Observation 8	This allows PRACH configuration with ROs distributed among all LBT subbands by setting the offset to spread the frequency domain Ros to fall in each LBT subband.
Observation 9	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.
Proposal 6	If LSBs of SFN cannot be included in DCI, adopt the subheader for the NR-U RAR as shown in Figure 1.
Observation 10	In case COT sharing between Msg2 and Msg3 is applied, the UE uses either Category 1 immediate transmission or Category 2 LBT for Msg3.
Observation 11	It may be necessary for RAN1 to decide if Category 2 LBT in 16us duration can be applied for Msg3 if the gap is equal to 16us.
Observation 12	As agreed by RAN1, the UE shall apply Category 4 LBT with highest priority CAPC for Msg3, containing no user plane data, in case COT sharing between Msg2 and Msg3 is not applied.
Observation 13	Signalling LBT category for msg3 will require one or two bits.
Observation 14	Channel access type and channel access priority class are signalled via uplink grant in DCI for dynamic scheduling in LTE LAA.
Proposal 7	It is preferred to signal the LBT category for Msg3 occupying 2 bits in the msg2 DCI format 1_0 scrambled with RA-RNTI.
Observation 15	Support of multiple transmission opportunities for Msg3 would require extra spec changes (e.g., extra change requests to the RAR format).
Observation 16	Support of multiple opportunities for Msg3 has been agreed to be an optimization feature in the RAN plenary meeting.
Proposal 8	Multiple msg3 opportunities are left for future releases.
Observation 17	In case there is a shared DL COT, the UE performs channel access for a Msg3 according to indicated LBT category which is signalled by the gNB. Such action would be done by the UE regardless if there is UP data multiplexed in Msg3
Observation 18	If there is no shared COT available for a Msg3, the UE shall use Category 4 with highest priority CAPC (i.e., CAPC = 1) for the Msg3 (without inclusion of UP data) as agreed by RAN1.
Proposal 9	For a Msg3 not sharing COT with msg2 and containing not only CP data, the UE chooses LBT type and/or CAPC for Msg3 according to the priority associated with the data.
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