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1
Introduction
The following agreements are achieved at RAN1#90bis for the beam failure recovery:
Agreement:
· gNB response is transmitted via a PDCCH addressed to C-RNTI

· FFS: DCI format for gNB response

· Dedicated CORESET(s) is applied for monitoring gNB response for BFRQ. The CORESET is down-selected from the following two alternatives: 
· Alt 1: the same CORESET (s) as before beam failure

· Alt 2: dedicatedly configured CORESET for beam failure recovery.
Note: It should be noted that after the post meeting email discussion in RAN1, Alt 2 is selected.
Agreement:
Specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification

· The above case is configured by gNB

· Note: a dedicated PRACH resource is configured to either an SSB or a CSI-RS resource

· Following two scenarios are supported when a UE is configured with CSI-RS + SSB

· Scenario 1: PRACHs are associated to SSBs only

· In this scenario, CSI-RS resources for new beam identification can be found from the QCL association to SSB(s).

· Scenario 2: Each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource 
· FFS: multiple SSB can be associated with the same uplink resource. 

CATT has concerns on the above agreement that it may not be an essential feature for beam failure recovery
Working Assumption:
Beam failure detection is determined based on the following quality measure:

· Hypothetical PDCCH BLER

Proposal (Agreement ):
· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number 
· (Working assumption) If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance

· Note: Beam failure is determined when all serving beams fail

· The candidate beam can be identified when metric X of candidate beam is higher than a threshold 
· FFS: metric X

· 1 or 2 threshold values are introduced

· If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS

· One of the following alternatives will be down-selected in RAN1#91

· Alt-1: Fixed value

· Alt-2: Configurable value by RRC signaling

· RAN2 should specify the RRC signaling to configuration of the threshold

· Note: for beam failure detection, the UE should aware the transmission power offset between CSI-RS and DMRS of PDCCH

· FFS other details.

Agreement:
· For gNB to uniquely identify UE identity from a beam failure recovery request transmission

· A PRACH sequence is configured to UE

Working Assumption:
· At least the following parameters should be configured for dedicated PRACH resources for beam failure recovery

· Per UE parameters
· Preamble sequence related parameters

· E.g., root sequence, cyclic shift, and preamble index

· Maximum number of transmissions

· Maximum number of power ramping
· Target received power

· Retransmission Tx power ramping step size

· Beam failure recovery timer 

· Per dedicated PRACH resource parameters
· Frequency location information

· Time location, if it is only a subset of all RACH symbols (e.g., PRACH mask)

· Associated SSB or CSI-RS information

· Note: as a starting point, use initial access preamble transmission mechanism and parameters. If any issue is identified, new mechanism can be introduced.

· No further RRC signalling for above UE parameters is required if reusing the same parameter as initial access  

Email discussion to discuss the remaining beam failure recovery issues in slides 8, 9, 10 of R1-1719174

Until Oct 27, Chia-Hao (MediaTek) 

And after the email discussion of [90b-NR-18] in RAN1, the following agreement are further achieved:

Agreements:

· Support  RRC configuration of a time  duration for a time window  and a dedicated CORESET for a UE to monitor gNB response for  beam failure recovery request.

· UE  assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.

· FFS: multiple  dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration

· Note:  the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC  configurable time duration starting from the fixed time offset.

· FFS the value of fixed time offset k (slots).

In this contribution, impact on the RAN2 specification to support the beam failure recovery procedure will be discussed.
2
Discussion
According to the agreements from RAN1#90bis, it can be seen that when beam failure is detected, a random access can be triggered to send the beam failure request (BFRQ). And per RAN1 discussion, when beam failure is detected in physical layer, the physical layer will send an indication (called as link reconfiguration indication in[1]) to high layer. And in response to the indication, higher layer will initiate a random access procedure to send the BFRQ [1]:

In response to the indication for link reconfiguration to higher layers, the UE may receive from higher layers a configuration for a PRACH transmission as described in Subclause 8.1. After [X slots] from the slot of the PRACH transmission, the UE monitors PDCCH, within a window configured by higher layer parameter [LR-RAR-Window], in the control resource set[(s)] corresponding to the indicated quasi-collocation configuration.
In other words, high layer should initiate the random access in case a beam failure indication (i.e. link reconfiguration indication in [1]) is received from the physical layer. However, it should be noted that up to now, the random access procedure discussed in RAN2 does not consider this case at all. For instance, neither the discussion of running MAC TS in UP (e.g. [99bis#12][NR UP/MAC] Running TS 38.321 (Samsung)) nor the discussion of TP on beam selection during random access in CP (e.g. [99bis#23][NR] TP on beam selection (Ericsson)) considers the random access triggered by beam failure. RAN1 doesn't discuss the detail of to which high layer the beam failure indication should be indicated. From our opinion, the beam recovery procedure is much more a L1/2 function and it's better to be transparent to higher layers, e.g. RRC layer. So, from this point of view, the beam failure indication (i.e. link reconfiguration indication in[1]) should be indicated to the MAC. With the reception of the beam failure indication, MAC can initiate the random access. Given this, RAN2 should discuss and incorporate the random access triggered by beam failure into the running TS 38.321[2].
Proposal 1: RAN2 should discuss and incorporate the random access triggered by beam failure into the running TS 38.321.

Per agreements in RAN1, CFRA is initiated if beam failure occurs. For the purpose of beam failure recovery, dedicated PRACH resources are configured to UE. A dedicated PRACH resource is configured to either an SSB or a CSI-RS resource. Meanwhile, RAN1 also discuss the possibility of reusing the initial access preamble transmission mechanism and UE parameters (e.g. preamble sequence related parameters, Maximum number of transmissions, Maximum number of power ramping, Target received power, Retransmission Tx power ramping step size, Beam failure recovery timer etc.). If reusing the same parameters as for initial access, RAN1 agrees that no further RRC signalling is needed for the above indicated UE parameters. So, from this point of view, it is straightforward to incorporate the random access triggered by beam failure into the traditional random access procedure which is initiated by a PDCCH order, by the MAC entity itself, or by RRC for the events in accordance with TS 38.300. In this way, there's no need to duplicate the "Random Access procedure initialization, Random Access Resource selection, Random Access Preamble transmission" procedures specified today for the traditional random access[4] twice. In other word, the random access triggered by beam failure should be incorporated into the random access procedure that we have specified now in TS 38.321[2], instead of create a total new section.
Proposal 2: Incorporate the random access triggered by beam failure into the traditional random access procedure that we have specified now in TS 38.321, instead of creating a total new section.

However, it should be noted that there are two essential differences for the random access triggered by beam failure:
Difference 1: The gNB response for the random access preamble is transmitted via a PDCCH addressed to C-RNTI.
Per RAN1 agreement, the gNB response for the random access preamble is transmitted via a PDCCH addressed to C-RNTI instead of the traditional RAR which is transmitted via PDSCH and scheduled by PDCCH addressed to the RA-RNTI. The transmission of the gNB response via a PDCCH addressed to C-RNTI can speed up the beam failure recovery procedure. The reception of a PDCCH scrambled by C-RNTI would mean that the selected beam pair link is established and the subsequent information exchange can simply use the newly established beam pair link.  From this perspective, the random access based beam failure recovery procedure basically reuses the PRACH preamble transmission only. So, when incorporating the random access triggered by beam failure into the traditional random access procedure, the text description of the gNB response should be different from the RAR reception. The reception of the gNB response should be based on the monitoring of a PDCCH addressed to C-RNTI. And per RAN1 agreement during the post meeting email discussion [90b-NR-18], a time duration is agreed to be configured by RRC for the UE to monitoring the gNB response for the BFRQ. In other words, the reception of the gNB response should be based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC. 
Observation 1: One essential difference for the beam failure triggered random access procedure is that the gNB response is transmitted via a PDCCH addressed to C-RNTI.
Proposal 3: When incorporating the random access triggered by beam failure into the traditional random access procedure, the reception of the gNB response should be based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC.

Difference 2:  Each of the multiple dedicated PRACH resources is associated to either an SSB or a CSI-RS resource.
Per RAN1 agreements, specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification. And when configuring dedicated PRACH resources for the purpose of PRACH-based beam failure recovery, the scenario that each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource should be supported. Note that this is different from the dedicated PRACH resource configuration for the purpose of random access during handover, which is configured to be associated to only one RS type (Agreement from RAN2#99: Simultaneously including in the mobilityControlInfo a dedicated RACH configuration associated with SS-Block and a dedicated RACH configuration associated with CSI-RS is not supported). 
The discussion of the beam selection during random access up to now is conducted based on this basic principle [3]. And the draft TP [4] provided now for random access allows the selection of beam with dedicated PRACH resources associated to only one RS type. So, when incorporating the random access triggered by beam failure into the traditional random access procedure, it should be allowed to select a beam with dedicated PRACH resources either associated with an SSB or CSI-RS resource. Further, a decision is needed for RACH resource selection at the UE for the case when both CSI-RS and SSB based RACH resources are above the configured threshold. Since there is no explicit agreement/discussion on this in RAN1, we propose that the selection between the resources is up to UE implementation. 
Observation 2: Another essential difference for the beam failure triggered random access procedure is that each of the multiple dedicated PRACH resources is associated to either an SSB or a CSI-RS resource.
Proposal 4: When incorporating the random access triggered by beam failure into the traditional random access procedure, it should be allowed to select a beam with dedicated PRACH resources either associated with an SSB or CSI-RS resource.
Proposal 4.a: when one or more CSI-RS based resource and SSB based resource is above the configured threshold, it is up to UE implementation to select either the SSB based resource or the CSI-RS based resource. 

For the traditional random access procedure, if there's no dedicated RACH resources fulfilling the quality threshold, the UE is not forbidden from attempting to access using common RACH resources. However, for the case of random access triggered by beam failure, the initiation of the random access is for the recovery the beam pair link. Per RAN1 agreements, the beam failure recovery is initiated only if candidate beams are identified (i.e. when metric X of candidate beam is higher than a threshold). The random access preamble should be transmitted only on the PRACH resources corresponding to these candidate beams. If random access attempt fails corresponding to these candidate beams, the beam failure recovery should be considered as failed. So, form this point of view, there's no need to fall back to the common RACH resources at all. Given this, RAN2 should also discuss the UE behaviour when none of the SSBs and CSI-RS resources configured dedicated resources are above the threshold (e.g. does the UE declare link reconfiguration failure in this case)? 
Observation 3: If random access attempt fails corresponding to the candidate beams, the beam failure recovery should be considered as failed.

Proposal 5: When incorporating the random access triggered by beam failure into the traditional random access procedure, only the CFRA procedure should be used. There's no need to fall back to the common RACH resources.
Proposal 5a: When none of the configured resources (i.e neither CSI-RS nor SSB) is above the configured threshold, then RAN2 should discuss UE behaviour (e.g. indicate Link Reconfiguration Failure to RRC etc).

3
Conclusion
Impact on the RAN2 specification to support the beam failure recovery procedure is discussed in this contribution with following observations and proposals:
Proposal 1: RAN2 should discuss and incorporate the random access triggered by beam failure into the running TS 38.321.

Proposal 2: Incorporate the random access triggered by beam failure into the traditional random access procedure that we have specified now in TS 38.321, instead of creating a total new section.

Observation 1: One essential difference for the beam failure triggered random access procedure is that the gNB response is transmitted via a PDCCH addressed to C-RNTI.
Proposal 3: When incorporating the random access triggered by beam failure into the traditional random access procedure, the reception of the gNB response should be based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC.

Observation 2: Another essential difference for the beam failure triggered random access procedure is that each of the multiple dedicated PRACH resources is associated to either an SSB or a CSI-RS resource.
Proposal 4: When incorporating the random access triggered by beam failure into the traditional random access procedure, it should be allowed to select a beam with dedicated PRACH resources either associated with an SSB or CSI-RS resource.
Proposal 4.a: when one or more CSI-RS based resource and SSB based resource is above the configured threshold, it is up to UE implementation to select either the SSB based resource or the CSI-RS based resource. 

Observation 3: If random access attempt fails corresponding to the candidate beams, the beam failure recovery should be considered as failed.

Proposal 5: When incorporating the random access triggered by beam failure into the traditional random access procedure, only the CFRA procedure should be used. There's no need to fall back to the common RACH resources.
Proposal 5a: When none of the configured resources (i.e neither CSI-RS nor SSB) is above the configured threshold, then RAN2 should discuss UE behaviour (e.g. indicate Link Reconfiguration Failure to RRC etc).

Given the discussion above, a draft TP is provided in the Annex. It should be noted that the section of 5.1.2 (Random Access Resource selection) is based on the option1 from email discussion [99bis#23] [3], while the remaining sections are based on the version from email discussion [99bis#12] [2]. Besides, in the draft TP, the name of link reconfiguration indication and LR-RAR-Window is reused as specified by RAN1 [1].
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Annex
5.1
Random Access procedure
5.1.1
Random Access procedure initialization
The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC entity itself, by the link reconfiguration indication from lower layers, or by RRC for the events in accordance with TS 38.300 [2]. There is only one Random Access procedure ongoing at any point in time in a MAC entity. The Random Access procedure on an SCell other than PSCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000. 
NOTE:
If the MAC entity receives a request for a new Random Access procedure while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure (e.g. for SI request).
Editor's note: Editor thinks RAN1 agreements imply PDCCH order as in LTE even though 38.213 does not capture it yet. To be confirmed by RAN2.
Editor’s note: the name of link reconfiguration indication in 38.213 is used here. If RAN1 decides to change the name, it should be updated accordingly.
RRC configures the following parameters for the Random Access procedure:

-
prach-ConfigIndex: the available set of PRACH resources for the transmission of the Random Access Preamble;
-
ra-PreambleInitialReceivedTargetPower: initial preamble power;
-
ssb-Threshold: an RSRP threshold for the selection of the SS block and corresponding PRACH resource;

-
ra-PreamblePowerRampingStep: the power-ramping factor;
-
ra-PreambleIndex: Random Access Preamble;
-
ra-PreambleTx-Max: the maximum number of preamble transmission;
-
the groups of Random Access Preambles (i.e. Random Access Preambles group A and Random Access Preambles group B) and the set of available Random Access Preambles in each group (SpCell only);

-
if Random Access Preambles group B exists:

-
ra-Msg3SizeGroupA: the threshold to determine the groups of Random Access Preambles;
-
the set of Random Access Preambles for SI request and corresponding PRACH resource(s), if any;
-
the set of Random Access Preambles for link reconfiguration and corresponding PRACH resource(s), if any;
-
ra-ResponseWindow: the time window to monitor RA response(s);
-
LR-RAR-Window: the time window to monitor gNB response(s);
-
ra-ContentionResolutionTimer: the Contention Resolution Timer (SpCell only).

Editor’s note: the name of LR-RAR-Window in 38.213 is used here. If RAN1 decides to change the name, it should be updated accordingly.
In addition, the following information for related Serving Cell is assumed to be available for UEs:

-
if Random Access Preambles group B exists:

-
PCMAX,c: the configured UE transmitted power of the Serving Cell performing the Random Access Procedure.

The following UE variables are used for the Random Access procedure:

-
PREAMBLE_INDEX;
-
PREAMBLE_TRANSMISSION_COUNTER;
-
PREAMBLE_POWER_RAMPING_COUNTER;
-
PREAMBLE_RECEIVED_TARGET_POWER;
-
PREAMBLE_BACKOFF;
-
TEMPORARY_C-RNTI.
The Random Access procedure is initiated as follows:

The MAC entity shall:

1>
flush the Msg3 buffer;

1> set the PREAMBLE_TRANSMISSION_COUNTER to 1;
1>
set the PREAMBLE_POWER_RAMPING_COUNTER to 1;
1>
set the PREAMBLE_BACKOFF to 0 ms;

1>
perform the Random Access Resource selection procedure (see subclause 5.1.2).

Editor's note: beamforming aspect may impact to RA procedure across subclause 5.1, but RAN1 inputs would be further required.

Editor's note: SUL may impact to RA procedure depending on the RAN1/2 discussion.

Editor's note: Differentiation of backoff parameter and/or power ramping will be supported, but details to be discussed next year.
5.1.2
Random Access Resource selection

The MAC entity shall:
      1> if a link reconfiguration indication has been received from lower layers 
           2> if the contention free PRACH resources associated with SS blocks have been explicitly provided by RRC and at least one SS block with SS-RSRP above ssb-LR-Threshold (FFS) amongst the associated SS blocks is available, or;
           2>if the contention free PRACH resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI- RSRP above csi-LR-Threshold (FFS) amongst the associated CSI-RSs is available:

               3> select an SS block with SS-RSRP above ssb-LR-Threshold (FFS) amongst the associated SS blocks, or, select a CSI-RS with CSI- RSRP above a csi-LR-Threshold (FFS) amongst the associated CSI-RSs
               3> if an SS block is selected above:

4> set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SS block;

               3> if a CSI-RS is selected above:

4> set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS;
               3> if neither a CSI-RS nor an SS block is selected above:

4> (FFS)
Editor's note: the order between random access triggered by the link reconfiguration indication from lower layers and random access triggered by others (like PDCCH order) should be discussed further by RAN2.
Editor’s note: If both SS block with SS-RSRP above ssb-LR-Threshold and CSI-RS with CSI- RSRP above a csi-LR-Threshold are available, whether to select an SS block or a CSI-RS is up to UE implementation.
Editor’s note: What is the expected behaviour if neither SS block nor CSI-RS is selected above should be discussed further by RAN1 and RAN2.
1>
else if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC, and;
1>
if  the ra-PreambleIndex is not 0b000000, and;

1> if PRACH resource associated with SS blocks have not been provided by RRC:
2>
set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;

1> else if the contention free PRACH resources associated with SS blocks have been explicitly provided by RRC and at least one SS block with SS-RSRP above dedicatedRACH-Threshold amongst the associated SS blocks is available:
2> select an SS block with SS-RSRP above dedicatedRACH-Threshold amongst the associated SS blocks;
2> set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SS block;

1> else if the contention free PRACH resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI- RSRP above dedicatedRACH-Threshold amongst the associated CSI-RSs is available:
2>    select a CSI-RS with CSI- RSRP above dedicatedRACH-Threshold amongst the associated CSI-RSs;

2>    set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS;
Editor's note: The detailed mapping rule between the selected beam to a PREAMBLE_INDEX will be finalized in RAN1.
Editor’s note: The text above may need to be revised once RRC information elements for contention free and contention based PRACH resources are known
1>
else:

2>
select a SS block with SS-RSRP above ssb-Threshold;

Editor's note: RAN2 can discuss further whether ssb-Threshold is mandatory or not. Also, the case when multiple SS blocks are above the ssb-Threshold can be discussed later.
2>
if Msg3 has not yet been transmitted:

3>
if Random Access Preambles group B exists; and

3>
if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX,c (of the Serving Cell performing the Random Access Procedure) – ra-PreambleInitialReceivedTargetPower:

Editor's note: from the LS R1-1716932, Editor understands that only ra-PreambleInitialReceivedTargetPower is discussed in RAN1, so deltaPreambleMsg3, messagePowerOffsetGroupB in LTE are not captured. RAN2 confirmation requires.
4>
select the Random Access Preambles group B;

3> else:

4>
select the Random Access Preambles group A.

2> else (i.e. Msg3 is being retransmitted):

3>
select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission of Msg3.

2>
if the association between Random Access Preambles and SS blocks is configured:
3>
select a ra-PreambleIndex randomly with equal probability from the random access preambles associated with the selected SS block and the selected group;
2>
else:
3>
select a ra-PreambleIndex randomly with equal probability from the random access preambles within the selected group;
2>
set the PREAMBLE_INDEX to the selected ra-PreambleIndex;

Editor's note: the updates above are based on the following RAN1 agreements and the LS R1-1716932:
-
For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
-
For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP.
1>
if an SS block is selected above and an association between PRACH occasions and SS blocks is configured:
2>
determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SS block;
1>
else if a CSI-RS is selected above and an association between PRACH occasions and CSI-RSs is configured:
2>
determine the next available PRACH occasion from the PRACH occasions corresponding to the selected CSI-RS;
1>
else:
2>
determine the next available PRACH occasion;

Editor's note: the order of procedure (e.g. selection of SS block) can be re-arranged later.
1> perform the Random Access Preamble transmission procedure (see subclause 5.1.3).
5.1.3
Random Access Preamble transmission

The MAC entity shall, for each preamble:

1>
set PREAMBLE_RECEIVED_TARGET_POWER to ra-PreambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep;

Editor's note: still the above equation needs to be confirmed by having RAN1 input.

Editor's note: the text should be clarified further regarding multiple preamble transmission case.

1>
compute the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted as follows [TBD]:
Editor's note: RA-RNTI calculation equation will be placed here. At least time and frequency is used in the RA-RNTI formula.

1>
instruct the physical layer to transmit the preamble using the selected PRACH, corresponding RA-RNTI, PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted, the MAC entity shall:

1>
if 'multiple preamble transmission' has been signalled:

Editor's note: RAN1 has not concluded whether to support multiple Msg1 transmissions so the relevant text can be removed after having RAN1 input. Also how to signal 'multiple preamble transmission' is FFS if supported, and the text can be improved after having RAN1 input.

2> if random access is triggered by link reconfiguration indication from lower layers, 

3> start the LR-RAR-Window at the NR-UNIT that contains the end of the first preamble transmission plus [TBD] NR-UNITs;
3>
monitor the PDCCH of the SpCell addressed to C-RNTI for a response to the link reconfiguration indication over the dedicated CORESET for link reconfiguration, within the LR-RAR-Window as specified in clause 6 of [6];
2> else (random access not triggered by link reconfiguration)

3>
start the ra-ResponseWindow at the NR-UNIT that contains the end of the first preamble transmission plus [TBD] NR-UNITs;
3>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindow is running;
1>
else (not multiple preamble transmission):

2> if random access is triggered by link reconfiguration indication from lower layers, 

3> start the LR-RAR-Window at the NR-UNIT that contains the end of the preamble transmission plus [TBD] NR-UNITs;
3>
monitor the PDCCH of the SpCell addressed to C-RNTI for a response to the link reconfiguration indication over the dedicated CORESET for link reconfiguration, within the LR-RAR-Window as specified in clause 6 of [6];
2>
else (random access not triggered by link reconfiguration) 
3> start the ra-ResponseWindow at the NR-UNIT that contains the end of the preamble transmission plus [TBD] NR-UNITs;

Editor's note: the above if-statement can be combined since the difference is marginal.

Editor's note: The value of TBD duration is FFS. It is a fixed duration and should be as low as possible.

Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot after having RAN1 input.
Editor’s note: The term “dedicated CORESET for link reconfiguration” may be updated after RAN1 finalise the terminology
3>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while ra-ResponseWindow is running;
Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).

1>
if random access is triggered by link reconfiguration indication from lower layers;

2>
if PDCCH addressed to C-RNTI for this NR-UNIT has been received on the dedicated CORESET for link reconfiguration and is successfully decoded:
3>
consider the link reconfiguration is successful (FFS);
1>
else (random access not triggered by link reconfiguration)

2> if a downlink assignment for this NR-UNIT has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
3>
if the Random Access Response contains a Backoff Indicator subheader:

4>
set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.

3> else:

4> set the PREAMBLE_BACKOFF to 0 ms.

3>
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):

4> consider this Random Access Response reception successful;

3>
if the Random Access Response reception is considered successful:


4>
if the Random Access Response includes RAPID only:

5>
consider this Random Access procedure successfully completed; 
5> indicate the reception of an acknowledgement for the SI request to upper layers;

4>
else:


5>
if 'multiple preamble transmission' has been signalled:

6>
stop transmitting remaining preambles, if any; 

Editor's note: RAN1 has not concluded whether to support multiple Msg1 transmissions so the relevant text can be removed after having RAN1 input. Also how to signal 'multiple preamble transmission' is FFS if supported, and the text can be improved after having RAN1 input.

5>
apply the following actions for the serving cell where the Random Access Preamble was transmitted:

6>
process the received Timing Advance Command (see subclause 5.2);

6>
indicate the ra-PreambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep);
6>
process the received UL grant value and indicate it to the lower layers;

5>
if the Random Access Preamble was not selected by the MAC entity among the common PRACH preambles:

6>
consider the Random Access procedure successfully completed.

5>
else:

6>
set the TEMPORARY_C-RNTI to the value received in the Random Access Response;

6>
if this is the first successfully received Random Access Response within this Random Access procedure:

7>
if the transmission is not being made for the CCCH logical channel:

8>
indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission;
7>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>
if ra-ResponseWindow expires; and

1>
if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received:

2>
consider the Random Access Response reception not successful;
2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

Editor's note: Need to have input from RAN1 on power ramping suspension (in LTE), and can be added later.
2>
if the notification of suspending power ramping counter has not been received from lower layers, and SS block selected for PRACH retransmission is not changed:

3>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
Editor's note: The location of 'increment PREAMBLE_POWER_RAMPING_COUNTER by 1') can be discussed further.

2>
if PREAMBLE_TRANSMISSION_COUNTER = ra-PreambleTx-Max + 1:

3>
if the Random Access Preamble is transmitted on the SpCell:

4>
indicate a Random Access problem to upper layers;

3>
else if the Random Access Preamble is transmitted on a SCell:

4>
consider the Random Access procedure unsuccessfully completed;
2>
if in this Random Access procedure, the Random Access Preamble was selected by MAC among the common PRACH preambles:

3>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

3>
delay the subsequent Random Access Preamble transmission by the backoff time;

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
1>
if LR-RAR-Window expires; and

1>
if the PDCCH addressed to C-RNTI has not been received on the dedicated CORESET for link reconfiguration:

2>
consider the gNB response reception not successful;
2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

Editor's note: Need to have input from RAN1 on power ramping suspension (in LTE), and can be added later.
2>
if the notification of suspending power ramping counter has not been received from lower layers, and SS block selected for PRACH retransmission is not changed:

3>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
Editor's note: The location of 'increment PREAMBLE_POWER_RAMPING_COUNTER by 1') can be discussed further.

2>
if PREAMBLE_TRANSMISSION_COUNTER = ra-PreambleTx-Max + 1:

3>
indicate a Link Reconfiguration problem to upper layers:

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
Editor's note: The name “Link Reconfiguration problem” can be discussed further.

The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.
The MAC entity may stop LR-RAR-Window (and hence monitoring for a response to the link reconfiguration indication) after successful reception of PDCCH addressed to C-RNTI.
HARQ operation is not applicable to the Random Access Response transmission.
