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1	Introduction
In this paper, we focus on some issues concerning the following topics:
· Mobility History Information Reporting
· RACH Optimization
· Enhancements to SCG related MRO
· Possible NR-U impacts

[bookmark: _Ref178064866]2	Discussion
2.1 Mobility History Information Related 
During RAN2#115 meeting, the following agreements were made.
SN Related MHI Information:
2	RAN2 to confirm that the PSCell transition is part of MHI.
3	PSCell MHI is reported only to PCell.
4	UEInformationResponse message is used to convey the PSCell MHI to the MN.
5	Take Option 1 ‎(PSCell MHI nested within the PCell MHI) as baseline.

The topic of MHI is also discussed in the Post116-e email discussion [2]. 
One of the issues addressed in the email discussion is the need for the network to understand whether a UE is capable of collecting PSCell MHI or not. In release-16, there is no explicit capability indicating the UE’s ability to store the PCell related MHI. Instead, the indication mobilityHistoryAvail, included in RRCSetupComplete and RRCResumeComplete implicitly acts as an indicator of UE capability to store PCell related MHI. However, when the PSCell related information is included in the MHI in release 17, there is no way for the network to know whether a UE is capable of storing PSCell MHI. 
[bookmark: _Toc92789033]Since the legacy MHI is an optional feature without capability indication, the network will become aware of the MHI stored by the UE via RRC messages only when  mobilityHistoryAvail is included.
[bookmark: _Toc92789034]In Rel.17, without further information in the specification, the network will not know whether the UE may transmit also the PSCell MHI in the MHI report.
Two options are discussed in [2];
· Option-1: Introduce an explicit capability indicator that indicates that the UE is capable of storing the PSCell related MHI.
· Option-2: Introduce an explicit indicator (mobilityHistoryPSCellAvail) in RRCSetupComplete and RRCResumeComplete indicating whether the UE has PSCell related information available in its stored visitedCellInfoList.

In our view, the most straightforward solution would be option-1- This would also avoid the need to introduce new flags in the RRCSetupComplete and RRCResumeComplete messages.
[bookmark: _Ref92726136][bookmark: _Toc92789041]Introduce an explicit capability indicator that indicates that the UE is capable of storing the PSCell related MHI.
It is true that the PSCell MHI capability indicator proposed in Proposal 1 does not guarantee that the UE will really transmit the PSCell MHI, but the network will not at least the UEs for which it is guaranteed that no PSCell MHI will be transmitted.
[bookmark: _Toc92789035]With the proposal in Proposal 1, the network will not at least the UEs for which it is guaranteed that no PSCell MHI will be transmitted.
Another open issue discussed in the email discussion [2] is the total number of PSCells to be stored by the UE in the MHI. One concern previously expressed by companies is that the size would be 16*16, i.e. 16 PCells related MHI information and for each of the PCell there would be 16 PSCell related MHI. This is not necessary in our understanding. One could instead have restrictions on the total number of PSCells to be included. For example, the UE stores only up to 16 latest PSCells but encodes them in a nested structure. In this way, the UE stores only 16 PCell MHI and 16 PSCell MHI in total. When the UE is configured with a 17th PSCell then the oldest stored PSCell entry is removed just the way the UE performs the PCell MHI maintenance. 
To illustrate, consider the two examples given below. 
MHI, example 1:

[image: ]
MHI, example 2:
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In both examples, the UE has visited PCells 1, 2, 3, …,16. In example 1, dual connectivity was used from PCell 6 and onwards, and the UE was connected to between zero and four PSCells per PCell. During this time the UE was visiting PSCells S1, S2, S3, …, S16. In example 2, dual connectivity was not used before being connected to PCell 16, but while in that cell, the UE was connected to all 16 different PSCells S1, S2, S3, …, S16. This example may be extreme but is used for illustration purpose. 
Let us now consider the case that the UE, while still being connected to PCell 16, changes PSCell from S16 to S17. Using a maximum total number of PSCells set to 16, this would in both cases result in removing PSCell S1 from the MHI before adding PSCell S17. This would give the following MHI:
MHI example 1, after PSCell change:
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MHI example 2, after PSCell change:
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It is our understanding this would not require any significant changes to the procedural text apart from clarification on how to remove the oldest entry i.e., either from the visitedCellInfoList or from visitedPSCellInfoList in the proposed running 38.331 for introducing release 17 SON, where the addition of a PSCell entry in the MHI (in analogy with the legacy MHI procedural text for addition of a PCell/suitable cell entry) is described as follows. 
“include an entry in visitedPSCellInfoList of the variable VarMobilityHistoryReport possibly after removing the oldest entry associated to the PSCell entries, if available, from the visitedCellInfoList, otherwise, from visitedPSCellInfoList in the variable VarMobilityHistoryReport, if necessary, according to following “
To limit the maximum total number of visited PSCells included in the mobility history information, the same method can be applied as for the IE PLMN-IdentityInfoList. In the PLMN identity information case, the PLMN‑IdentityInfoList consist of up to maxPLMN entries of PLMN-IdentityInfo, which in its turn includes a list of up to maxPLMN entries of PLMN-Identity. Since maxPLMN is set to 12, at a first glance one could think that the maximum number of PLMN identities reported by the UE would be 12*12, i.e 144 entries. However, given the definition of maxPLMN as the “maximum number of PLMNs broadcast and reported by UE at establishment”, no more than 12 PLMN identities can be reported by the UE. By using the same principle for the maxPSCellHistory‑r17, a total maximum number of PSCells included in the MHI can be applied without affecting the ASN.1 for the VisitedCellInfoList IE.
[bookmark: _Toc92789042]The UE stores only up to 16 latest PSCells and upon getting configured with 17th PSCell, the UE removes the oldest stored PSCell entry and stores the newly configured PSCell entry.
It has earlier been agreed that at least PSCell ID (CGI or PCI+frequency) and time UE stayed in each PSCell to be added into PSCell MHI. While this is important, it is not sufficient in our view. 
[image: ]
[bookmark: _Ref68096213]Figure 1: Timeline of a UE switching between DC and non-DC connectivity
Consider a scenario where UE switches between DC and stand-alone configuration for the same PCell; such a timeline is shown in Figure 1. Here, the total time for the UE in a given PCell is T. However, it has some period where no PSCell is configured (Tw1,Tw2,Tw3) and some period with PSCells (Ts1,Ts2,Ts3). If UE only includes the times it stayed in PSCells (Ts1,Ts2,Ts3) in its MHI report, it is unclear to network when it didn’t have any DC connectivity. However, this information is important in network as it provides some indication regarding coverage holes, as well as potential ping-pong between the PSCells.
[bookmark: _Ref74729296][bookmark: _Toc92789043]UE includes in the MHI report, the time spent without PSCell while being connected to a PCell.
[bookmark: _Hlk70941315]In addition to the above PSCell MHI related issues, we would like to raise another issue related to the introduction of the mobility enhancement DAPS handover in release 16. In case of DAPS handover, the UE keeps receiving and transmitting data on DAPS DRBs to or from the source cell after the reception of the handover command and for the whole duration of the handover procedure. In the procedural text for MHI in the RRC specification, a new MHI entry is stored upon change of suitable cell, and the timeSpent in the entry is set to the time spent in the previous PCell/serving cell.Excerpt from running 38.331 CR, section 5.7.9:
1>	Upon change of suitable cell, consisting of PCell in RRC_CONNECTED (for NR or E-UTRA cell) or serving cell in RRC_INACTIVE (for NR cell) or in RRC_IDLE (for NR or E-UTRA cell), to another NR or E-UTRA cell, or when entering any cell selection' state from 'camped normally' state in NR or LTE:
2>	include an entry in visitedCellInfoList of the variable VarMobilityHistoryReport possibly after removing the oldest entry, if necessary, according to following:
3>	if the global cell identity of the previous PCell/serving cell is available:
4>	include the global cell identity of that cell in the field visitedCellId of the entry;
3>	else:
4>	include the physical cell identity and carrier frequency of that cell in the field visitedCellId of the entry;
3>	set the field timeSpent of the entry as the time spent in the previous PCell/serving cell;



Based on this, for the DAPS handover case, it is not clear what time to include as time spent in the previous PCell. Our understanding is that the UE should capture the time that source cell related resources were used for the UE. Also, from UE perspective, the release of the source SpCell happens after the DAPS Source Release. Hence the time spent should be up to the DAPS source release reception both from network perspective and UE perspective. We therefore propose adding a note to the specification stating that in case of DAPS handover, the time spent in previous PCell should be captured as the time spent from entering the source cell until receiving the source DAPS release message.
[bookmark: _Toc92789044]Add a note in 38.331 to clarify that in case of DAPS handover, the time spent in previous PCell is captured as the time spent from entering the source cell until receiving the source DAPS release message.
2.2 	RACH Optimization
2.2.1	SCG related RA report
During RAN2#115 meeting, the following agreements were made.
RA Report to the SN:
1 	UE reports the SN RACH report to the MN, and then MN sends the SN RACH report to SN.

In the following, we discuss how we can down-scope the further discussion and progress on this topic concerning reporting SN related RA reports to the MN while considering the radio access technology.
As we know, by further deployment of the NR network, the highest interest of the end users as well as the operators is always to be operating in the newest technology that is NR. This interest becomes prominent in deploying stand alone NR system which leads to keep the UEs in NR RAT. In fact, apart from the non-stand-alone deployment of the NR cells (designed in the early deployment (i.e., Rel 15)) that requires to keep the UEs in LTE cells, there is no motivation to keep the UEs in LTE for a long time.
Therefore, we think it will not be prevalent for the Rel 17 UEs (which are capable of reporting SN RA reports to the MN) to stay in LTE cell for a very long time e.g., 48 hours, so that their NR RA report is flushed if the LTE cell does not fetch the NR RA report.
[bookmark: _Toc92789036]EN-DC deployment is a transitional state of early deployment of the NR network, and network deployment evolution is already in a direction of more stand-alone NR network.
[bookmark: _Toc92789037]By further deployment of wide area coverage NR network, it may not be plausible that a UE stays in an LTE cell for a very long time (i.e., > 48 hours) before returning back to NR network.
Having said that, in addition to the fact that enhancement of the LTE RA procedure is not prioritized, we propose to limit the scope of the SN related RA report only to the NR-DC scenarios.
[bookmark: _Toc92789045]RAN2 prioritize NR-DC scenario for reporting SN related RA report to the MN, and given the time constraints RAN2 avoids any change in the LTE specifications.
2.2.2	SCell related RA report in Rel-16
The WID mentions also other “RACH optimization” as possible Rel.16 leftover. The inclusion of the PCell in the RA report in case RA occurred in an SCell was discussed, but eventually this was not agreed in RAN2#113bis-e:
	From RAN2#113bis-e
Proposal 12: The following RACH optimization can be further considered:
a): UE also includes the PCell in the RA report in case the RA occurred in an SCell.



This seems an important feature given that today the UE can include the SCell in which RA occurred, but not the associated PCell, so that it will be difficult for the gNB receiving the RA-Report to identify the gNB to which the RA-Report should be transmitted. Consequently, we propose that the PCell is also included in the RA-Report in which the RA occurred in an SCell. Hence, the MN, where the RA-Report should be transmitted to, can be easily identified by the SN. 
[bookmark: _Toc92789046]The UE includes the SpCell identifier in the RA report in case the RA procedure was performed in an SCell of the MCG or SCG.

2.3 	Enhancements to SCG Failure related reporting
During RAN2#116 meeting, the following agreements were made.

Report and Content of SCG Failure Information:
The UE needs to include RA information in case that failureType is set to randomAccessProblem or beamFailureRecoveryFailure-r16

RA-InformationCommon-r16 is used as a baseline to indicate random-access related information set by the PSCell.

The parameter connectionFailureType could reuse the current failureType in SCG failure message. 
FFS on enhancements.

The condition “failureType is set to synchReconfigFailureSCG” for including RA information.
FFS: Introduce one bit flag to indicate whether T304 is running or not in SCG failure message.

The SCGFailureInformation is transmitted by the UE immediately after declaring failure on the SCG. Thus, it is fair to assume that the UE context is still available at both MN as well as the SN. Further, upon receiving the SCGFailureInformation, the MN forwards part of the contents of this message, scgFailureInfo, to the SN.

CG-ConfigInfo-IEs ::=           SEQUENCE {
    ue-CapabilityInfo               OCTET STRING (CONTAINING UE-CapabilityRAT-ContainerList)          OPTIONAL,-- Cond SN-AddMod
    candidateCellInfoListMN         MeasResultList2NR          OPTIONAL,
    candidateCellInfoListSN         OCTET STRING (CONTAINING MeasResultList2NR)   OPTIONAL,
    measResultCellListSFTD-NR       MeasResultCellListSFTD-NR                     OPTIONAL,
    scgFailureInfo                  SEQUENCE {
        failureType                     ENUMERATED { t310-Expiry, randomAccessProblem,
                                                     rlc-MaxNumRetx, synchReconfigFailure-SCG,
                                                     scg-reconfigFailure,
                                                     srb3-IntegrityFailure},
        measResultSCG                   OCTET STRING (CONTAINING MeasResultSCG-Failure)
    }    OPTIONAL,
    configRestrictInfo              ConfigRestrictInfoSCG       OPTIONAL,
    drx-InfoMCG                     DRX-Info                    OPTIONAL,
    measConfigMN                    MeasConfigMN                OPTIONAL,
    sourceConfigSCG                 OCTET STRING (CONTAINING RRCReconfiguration)  OPTIONAL,
    scg-RB-Config                   OCTET STRING (CONTAINING RadioBearerConfig)   OPTIONAL,
    mcg-RB-Config                   OCTET STRING (CONTAINING RadioBearerConfig)   OPTIONAL,
    mrdc-AssistanceInfo             MRDC-AssistanceInfo                           OPTIONAL,
    nonCriticalExtension            CG-ConfigInfo-v1540-IEs                       OPTIONAL
}


RAN2 should discuss whether the RA information should be directly included in the SCGFailureInformationNR/EUTRA or in RA report.
The Rel-17 RAReport already contains both successful and failed RA procedure (in case of failed on-demand SI procedure) related information. 
[bookmark: _Toc92789038]It is already agreed in RAN2#115 meeting that the Rel-17 RA report contains failed on-demand SI procedure related RA information.
It is also agreed in RAN2#116 meeting that the SN related RA report i.e., SCG failure declared due to random access procedure related issues (e.g., HOF, BFR etc.), is sent to the MN and then MN can forward this RA report to a SN.
[bookmark: _Toc92789039]It is already agreed in RAN2#115 meeting that the Rel-17 SN RA report is reported to MN and MN forwards it to SN.
Thus, including the RA information related to a failed RA procedure associated to a SN in the RA report should not be problematic at all. In our understanding adding RA information in the SCG failure information messages may significantly increases the size of this report substantially which is not desired, especially because the SCGFailureInformation report should be delivered quickly reliably in order to minimize the service interruptions. Such concern should not be neglected, especially e.g., for URLLC type of scenarios. Furthermore, the SCGFailureInformation message is compulsorily transmitted by the UE upon declaring SCG failure. Inclusion of failure information as SON optimization related content in a mandatory message would cause very large overhead. 
In light of the above, we propose to include RA information associated to the failed SCG RA procedure in the RA report. By doing so, we ensure that the size of the mandatory message like SCGFailureInformation is untouched and network can still get the RA information from the UE if needed.
[bookmark: _Toc92789047]The RA-InformationCommon associated to the RA procedure that led to SCG failure are included in the RA report, rather than in the SCGFailureInformation.
In particular, we propose to include the information related to the failed RA procedure that led to SCG failure in the RAReport when the failure type is set to randomAccessProblem, or beamFailureRecoveryFailure or synchReconfigFailureSCG, because those are the SCG failure types in which the RA procedure is actually affected.
[bookmark: _Toc92789048]The RA-InformationCommon associated to the RA procedure that led to SCG failure are included in the RA report when the SCG failure type is set “randomAccessProblem”, “beamFailureRecoveryFailure”, “synchReconfigFailureSCG”.
2.4 Enhancements related to NR-U
Related to this topic, RAN2 received an LS from RAN3 containing some questions on NR-U functionalities [3]. It is then proposed that RAN2 first addresses those questions.
2.4.1	Feedback to RAN3 on the RAN3 LS [3]
We would like to reply to RAN3#114 LS that has asked RAN2 to provide feedback for the following questions:
· Q1: How should an NR-U channel be represented? 

In 37.213 Section 4.0, the NR-U channel “refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum”. Hence, it makes sense that it can be represented by its centre frequency and bandwidth. On the other hand, as specified in TS 38.300, clause 5.6 for access to the shared spectrum, UE applies Listen-Before-Talk (LBT) to identify the availability of the channel for performing any transmission i.e., UE listens to/senses the channel as busy or free per BWP. Hence, NR-U channel can be represented by channel ID, center frequency of the carrier and its configured bandwidth.

· Q2:  According to current specifications, is an NG-RAN node supposed to sense the NR-U channel even when no data needs to be transmitted or is channel sensing performed only when the NG-RAN node needs to exchange traffic over the NR-U channel?

According to TS 38.300 Section 5.6.1, “the gNB and UE may apply Listen-Before-Talk (LBT) before performing a transmission on a cell configured with shared spectrum channel access. When LBT is applied, the transmitter listens to/senses the channel to determine whether the channel is free or busy and performs transmission only if the channel is sensed free”. Hence, NG-RAN node may apply LBT in order to transmit packets to UEs over the air interface. Whether the NG-RAN node can sense the NR-U channel even when no data are available for transmission that is not specified in any 3GPP specification.

· Q3: How is the Energy Detection (ED) threshold configured in RAN node?

The energy detection threshold configuration is configured as part of ServingCellConfig field in TS 38.331 specification, and includes the following parameters:

ChannelAccessConfig-r16 ::=         SEQUENCE {
    energyDetectionConfig-r16           CHOICE {
        maxEnergyDetectionThreshold-r16         INTEGER (-85..-52),
        energyDetectionThresholdOffset-r16      INTEGER (-13..20)
    }                                                                                                           OPTIONAL,   -- Need R
    ul-toDL-COT-SharingED-Threshold-r16         INTEGER (-85..-52)                                              OPTIONAL,   -- Need R
    absenceOfAnyOtherTechnology-r16             ENUMERATED {true}                                               OPTIONAL    -- Need R
}

In particular, the energy detection threshold can be configured as an offset to the default maximum energy detection threshold value, or as an absolute configurable maximum energy detection threshold value.

· Q4: What is the ED threshold granularity (per channel, per cell, per UE…)?

As it is described in Q3, the ED threshold granularity is configured as part of the NR-U channel access configuration which in turn is presented within the servingCellConfig of an RRCReconfiguration message. Hence, it can be concluded that the ED threshold is configured to the UE per serving cell. 

Given the above views, we propose to agree on the following proposals based on the RAN3 questions:
[bookmark: _Toc92789049]According to RAN2, the NR-U channel can be represented by channel ID, centre frequency of the carrier and its configured bandwidth.
[bookmark: _Toc92789050]According to TS 38.300 Section 5.6.1, the NG-RAN node may apply LBT in order to transmit packets to UEs over the air interface. It is not specified in 3GPP specifications whether the NG-RAN node can sense the NR-U channel even when no data are available for transmission.
[bookmark: _Toc92789051]The ED threshold configuration is configured as part of the NR-U channel access configuration which in turn is included in the serving cell configuration, according to TS 38.331. The energy detection threshold can be configured as an offset to the default maximum energy detection threshold value, or as an absolute configurable maximum energy detection threshold value.
[bookmark: _Toc92789052]The ED threshold is configured to the UE per serving cell.
The above views are reflected in the LS reply available in the Annex of this paper.
[bookmark: _Toc92789053]RAN2 to agree on the LS reply to RAN3 LS R3-216042 available in the Annex.
2.4.2	RAN2-specific NR-U enhancements
Besides the RAN3 work, there might be RAN2-specific feature that may be added to the SON framework in order to tackle the NR-U system.
NR-U functionality has been introduced in Rel.16, giving the possibility to the UE to operate in the unlicensed spectrum. Unlike LAA in LTE, in which case only user plane data could be transmitted in the unlicensed spectrum, in NR-U any type of transmission (hence including L1/L2 and RRC control signalling) can be transmitted in the unlicensed spectrum. Additionally, with NR-U, also the SpCell can operate over the unlicensed spectrum (not only the SCells), thereby opening the possibility for standalone unlicensed operations.
NR-U implies some new set of features that both the UE and the network should comply in order to perform NR-U operations. In particular, before transmitting on the unlicensed spectrum, both the UE and the gNB should perform LBT and sense the wireless channel, in order to ensure that the medium is not occupied by other transmissions which could be generated by non-3GPP technologies such as WiFi. Additionally, also new types of measurements representing the RSSI and channel occupancy have been introduced to reflect the characteristics of the unlicensed channel. 
In the SON/MDT WID, this topic has been assigned lower priority, but we believe that some changes can be addressed with relatively small effort during the WI phase. For example, RAN3 has started addressing NR-UT topic in last meeting:
	From RAN3#112-e:
Following problems seem the most relevant for the SON for NR-U: load information from NR-U towards licensed NR and new failure events related to e.g. LBT or channel occupancy in the failure report. 
Resource coordination between licensed NR and NR-U and optimized resource utilization in NR-U is FFS (contribution driven).



Related to RAN2, we note that in the current SON framework, only the RLF-report considers the NR-U system, i.e. the RLF cause can be set to “lbtFailure” in current legacy. However, no other information representing LBT statistics and RSSI/channel occupancy measurements are considered in the RA/RLF report.
[bookmark: _Toc92789054]RAN2 aims at some basic enhancements to the current SON framework to address the NR-U system, e.g., enhancements to the existing RA/RLF report.
In order to figure out what information should be included in the RA/RLF report, it needed to review the TS 38.321 MAC specification which captures the UE behavior when LBT occurs. 
In an NR-U, the UE may initiate a random access in a SpCell upon experiencing “consistent LBT failures” in the SpCell. The “consistent LBT failures” event is triggered when the UE has experienced LBT issues in UL a “lbt-FailureInstanceMaxCount” number of times, wherein the time elapsed between each of such failed transmission attempts is not larger than “lbt-FailureDetectionTimer”. Once a “consistent LBT failure” event has occurred, the UE performs a random access in another UL BWP configured with RACH resources for which consistent LBT failure has not been triggered yet. Once consistent LBT failure has been triggered in all UL BWPs configured with PRACH occasions on same carrier of the SpCell, then the UE declares RLF.
From the above procedure, we first realize that the RA-Report does not include any purpose indicating that the RA was initiated due to consistent LBT failure.
[bookmark: _Toc92789055]Introduce a new raPurpose to indicate that the RA was initiated by a “consistent LBT failures” in the SpCell.
We also note that in case the consistent LBT failure was triggered while the UE was performing a random access, the UE would need to change (according to the procedure described above) the UL BWP where to continue the RA. However, in the current RA-Report, it is not possible to represent, e.g. within the RA-InformationCommon, multiple BWPs. All the parameters within the RA-InformationCommon are specific for one BWP, and there is no possibility to express such multiple BWPs. We also note that in the context of NR-U, if a random access procedure fails the UE does not necessarily end up in RLF, it may instead initiate another random access procedure in another BWP if the number of LBT failures is still below the “lbt-FailureInstanceMaxCount”.
[bookmark: _Toc92789040]In NR-U, if a random access procedure in an UL BWP fails, the UE may not trigger RLF. It may instead initiate a new random access procedure in another UL BWP if the number of experienced LBT failures is still below the configured “lbt-FailureInstanceMaxCount”.
Hence, the above observation implies that it would be beneficial for the network if the UE could include in the RA-Report also those random access procedures that failed due to “consistent LBT failures”, not only the successful random access procedures as it is in the current legacy specification. 
[bookmark: _Ref85536317][bookmark: _Toc92789056]The UE includes in the RA-Report a random access procedure that failed due to “consistent LBT failures”.
Such random-access procedure that failed due to consistent LBT failures may be added in the RA-Report as a separate entry or included within a single entry together with other random access procedures in other UL BWPs, once the random access is successful. In the latter case, the RA-InformationCommon needs to be enhanced since, as previously mentioned the RA-InformationCommon can only represent today a single BWP.
[bookmark: _Toc92789057]RAN2 to discuss how to represent in the RA-Report a random access procedure in an UL BWP that failed due to “consistent LBT failures”, e.g. 
a. [bookmark: _Toc92789058]The failed random access procedure is added in the RA-Report as a separate entry
b. [bookmark: _Toc92789059]The failed random access procedure is included within a single entry of the RA-Report at the time of successful RA, together with other random access procedures in other UL BWPs.
At a more granular level, it would be also important for the network to know whether the single RA attempt was blocked by LBT or not. That is needed because from MAC perspective even if an RA attempt is blocked by LBT, anyhow that is counted as RACH transmission, and the corresponding RACH attempt counter is stepped in MAC. 
[bookmark: _Ref85536531][bookmark: _Toc92789060]For each RA attempt, it is indicated whether the corresponding RA attempt was blocked by LBT.
Given Proposal 16, i.e. the UE includes in the RA-Report also the random access procedures that failed due to LBT, it should also be indicated whether a certain random access procedure failed due to consistent LBT failures. For example, the UE may include in the RA-InformationCommon the configured “lbt-FailureInstanceMaxCount”. In this way, the network can compare the included lbt-FailureInstanceMaxCount with the overall amount of LBT failures experienced in the various RA attempts (as per Proposal 18).
[bookmark: _Ref85536680][bookmark: _Toc92789061]The UE includes in the RA-InformationCommon the configured “lbt-FailureInstanceMaxCount”
[bookmark: _Toc92789062]The network compares the amount of RA attempts subject to LBT blocks (from Proposal 18) with the included “lbt-FailureInstanceMaxCount” (from Proposal 19), in order to determine whether the “consistent LBT failures” event was experienced for a random access procedure. 
Another set of possible enhancements to be considered for NR-U is in the area of L2 measurements. The LBT procedure increases the latency, so it would be important for the network to know how severe it is the impact of LBT in the UE UP transmissions. To this end, we propose the following:
[bookmark: _Toc92789063]RAN2 to introduce new L2 measurements associated to UP impact of LBT.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Since the legacy MHI is an optional feature without capability indication, the network will become aware of the MHI stored by the UE via RRC messages only when  mobilityHistoryAvail is included.
Observation 2	In Rel.17, without further information in the specification, the network will not know whether the UE may transmit also the PSCell MHI in the MHI report.
Observation 3	With the proposal in Proposal 1, the network will not at least the UEs for which it is guaranteed that no PSCell MHI will be transmitted.
Observation 4	EN-DC deployment is a transitional state of early deployment of the NR network, and network deployment evolution is already in a direction of more stand-alone NR network.
Observation 5	By further deployment of wide area coverage NR network, it may not be plausible that a UE stays in an LTE cell for a very long time (i.e., > 48 hours) before returning back to NR network.
Observation 6	It is already agreed in RAN2#115 meeting that the Rel-17 RA report contains failed on-demand SI procedure related RA information.
Observation 7	It is already agreed in RAN2#115 meeting that the Rel-17 SN RA report is reported to MN and MN forwards it to SN.
Observation 8	In NR-U, if a random access procedure in an UL BWP fails, the UE may not trigger RLF. It may instead initiate a new random access procedure in another UL BWP if the number of experienced LBT failures is still below the configured “lbt-FailureInstanceMaxCount”.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce an explicit capability indicator that indicates that the UE is capable of storing the PSCell related MHI.
Proposal 2	The UE stores only up to 16 latest PSCells and upon getting configured with 17th PSCell, the UE removes the oldest stored PSCell entry and stores the newly configured PSCell entry.
Proposal 3	UE includes in the MHI report, the time spent without PSCell while being connected to a PCell.
Proposal 4	Add a note in 38.331 to clarify that in case of DAPS handover, the time spent in previous PCell is captured as the time spent from entering the source cell until receiving the source DAPS release message.
Proposal 5	RAN2 prioritize NR-DC scenario for reporting SN related RA report to the MN, and given the time constraints RAN2 avoids any change in the LTE specifications.
Proposal 6	The UE includes the SpCell identifier in the RA report in case the RA procedure was performed in an SCell of the MCG or SCG.
Proposal 7	The RA-InformationCommon associated to the RA procedure that led to SCG failure are included in the RA report, rather than in the SCGFailureInformation.
Proposal 8	The RA-InformationCommon associated to the RA procedure that led to SCG failure are included in the RA report when the SCG failure type is set “randomAccessProblem”, “beamFailureRecoveryFailure”, “synchReconfigFailureSCG”.
Proposal 9	According to RAN2, the NR-U channel can be represented by channel ID, centre frequency of the carrier and its configured bandwidth.
Proposal 10	According to TS 38.300 Section 5.6.1, the NG-RAN node may apply LBT in order to transmit packets to UEs over the air interface. It is not specified in 3GPP specifications whether the NG-RAN node can sense the NR-U channel even when no data are available for transmission.
Proposal 11	The ED threshold configuration is configured as part of the NR-U channel access configuration which in turn is included in the serving cell configuration, according to TS 38.331. The energy detection threshold can be configured as an offset to the default maximum energy detection threshold value, or as an absolute configurable maximum energy detection threshold value.
Proposal 12	The ED threshold is configured to the UE per serving cell.
Proposal 13	RAN2 to agree on the LS reply to RAN3 LS R3-216042 available in the Annex.
Proposal 14	RAN2 aims at some basic enhancements to the current SON framework to address the NR-U system, e.g., enhancements to the existing RA/RLF report.
Proposal 15	Introduce a new raPurpose to indicate that the RA was initiated by a “consistent LBT failures” in the SpCell.
Proposal 16	The UE includes in the RA-Report a random access procedure that failed due to “consistent LBT failures”.
Proposal 17	RAN2 to discuss how to represent in the RA-Report a random access procedure in an UL BWP that failed due to “consistent LBT failures”, e.g.
a.	The failed random access procedure is added in the RA-Report as a separate entry
b.	The failed random access procedure is included within a single entry of the RA-Report at the time of successful RA, together with other random access procedures in other UL BWPs.
Proposal 18	For each RA attempt, it is indicated whether the corresponding RA attempt was blocked by LBT.
Proposal 19	The UE includes in the RA-InformationCommon the configured “lbt-FailureInstanceMaxCount”
Proposal 20	The network compares the amount of RA attempts subject to LBT blocks (from Proposal 18) with the included “lbt-FailureInstanceMaxCount” (from Proposal 19), in order to determine whether the “consistent LBT failures” event was experienced for a random access procedure.
Proposal 21	RAN2 to introduce new L2 measurements associated to UP impact of LBT.
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Annex –Reply to LS for R3-216042
3GPP TSG-RAN WG2 #116bis-e	Tdoc R2-2201605
Electronic meeting, 17th January – 25th January 2022	                           

Title:	[Draft] LS on NR-U channel information and procedures
Response to:	R3-216042
Release:	Rel 17
Work Item:	NR_ENDC_SON_MDT_enh-Core

Source:	Ericsson (to be changed to RAN2)
To:	RAN3
Cc:	-

Contact Person:	
Name:	Marco Belleschi	
E-mail Address:	marco.belleschi@ericsson.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	

1. Overall Description:
RAN2 thanks RAN3 for the LS in R3-216042. 
RAN2 would like to ask RAN3 to take into account the following replies to the RAN3 questions:
Q1: How should an NR-U channel be represented? 
RAN2 reply to Q1: In 37.213 Section 4.0, the NR-U channel “refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum”. Additionally, as specified in TS 38.300, clause 5.6, the UE applies Listen-Before-Talk (LBT) to identify the availability of the channel for performing any transmission i.e., UE listens to/senses the channel as busy or free per BWP. Hence, according to RAN2, the NR-U channel can be represented by channel ID, centre frequency of the carrier and its configured bandwidth.
Q2:  According to current specifications, is an NG-RAN node supposed to sense the NR-U channel even when no data needs to be transmitted or is channel sensing performed only when the NG-RAN node needs to exchange traffic over the NR-U channel?
RAN2 reply to Q2: According to TS 38.300 Section 5.6.1, the NG-RAN node may apply LBT in order to transmit packets to UEs over the air interface. It is not specified in 3GPP specifications whether the NG-RAN node can sense the NR-U channel even when no data are available for transmission.
Q3: How is the ED threshold configured in RAN node?
RAN2 reply to Q3: The energy detection threshold configuration is configured as part of the NR-U channel access configuration which in turn is included in the serving cell configuration, according to TS 38.331. The energy detection threshold can be configured as an offset to the default maximum energy detection threshold value, or as an absolute configurable maximum energy detection threshold value.
Q4: What is the ED threshold granularity (per channel, per cell, per UE…)?
RAN2 reply to Q4: As it is described in the reply to Q3, the ED threshold is configured to the UE per serving cell.

2. Actions:
To 3GPP RAN3
ACTION: 
· RAN2 respectfully asks RAN3 to take the above information into consideration.

3. Date of next TSG RA WG2 meetings:
RAN2#117-e                         21th February – 3rd March 2022	Online
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