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1 Introduction

In current MAC specification [1] contention based BFR procedure is supported for SpCell. In this contribution we discuss how UE can report the candidate beam based on CSI RS to the network when the contention based random access resources are used for BFR.
2 Discussion
One or more serving beams used for communication in RRC CONNECTED state could be based on CSI RS or SS blocks. If CSI RS based serving beam is used for communication in RRC CONNECTED state, for BFR network can signal contention free random access resources (PRACH preambles and/or PRACH Ocassions) associated with one or more CSI RSs in IE BeamFailureRecoveryConfig. RAN2 has earlier discussed and agreed that network may not configure contention free random access resources for all CSI RSs beams and agreed a mechanism to fall back to contention based random access.
Observation 1: Contention free random access resources associated with one or more CSI RSs can be configured for BFR. 
If none of the CSI RS beams associated with configured contention free random access resources, are above a configured threshold (beamFailureCandidateBeamThreshold) then UE selects the contention based random access resources. Otherwise UE select the contention free random access resources corresponding to suitable CSI RS beam. For example, let’s say there are 10 CSI RS beams and network configures contention free random access resources for CSI RS 1 and CSI RS 2. At the time of beam failure recovery if both CSI RS 1 and CSI RS 2 are not suitable and some other CSI RSs (say CSI RS 3) is suitable, UE cannot use contention free random access resources. 
Observation 2: UE selects the contention based random access resources, if none of the CSI RSs associated with configured contention free random access resources are suitable.

The contention based random access resources are not associated with CSI RSs and are associated with SS blocks only. UE can select the contention based random access resources corresponding to a suitable SS block only. CSI RS cannot be used to select contention based random access resources. As a result, based on the current procedure, even if UE has a suitable CSI RS, it cannot report the same to network if it does not have an associated contention free random access resource or unless there is one to one mapping between CSI RS and SS block. One to one mapping between CSI RS and SS block is not realistic. Typically CSI RS beams will be narrower than the SS block beams which are mainly used for broadcast signals requiring low data rate. So even if CSI RSs are QCLed with SS blocks, several CSI RSs are mapped to same SS block. The consequence of using contention based BFR is that serving beam based on CSI RS is not recovered even if the random access procedure initiated for BFR is successfully completed. 

Observation 3: Contention based random access resources are not associated with CSI RSs.

Observation 4: If UE has one or more suitable CSI RSs, it cannot report the same to network if it does not have contention free random access resources associated with them.
In case UE selects contention based random access resources for BFR, UE transmits Msg3 including C-RNTI MAC CE in the UL grant received in RAR. If UE has a suitable CSI RS and it does not have an associated contention free random access resource, UE can report the information about the suitable CSI-RS in Msg3. A new MAC CE includes the CSI RS ID of suitable CSI RS. Since the BFR MAC CE is used for beam failure recovery, it should have higher logical channel priority than other MAC CEs except C-RNTI MAC CE.

Proposal 1:  If UE has a suitable CSI RS and it does not have an associated contention free random access resource, UE reports the information about the suitable CSI-RS in Msg3. A new MAC CE includes the CSI RS ID of suitable CSI RS.
Proposal 2: BFR MAC CE has higher logical channel priority than other MAC CEs except C-RNTI MAC CE.
Proposal 3: Adopt the changes in MAC CR [2].
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Observation 1: Contention free random access resources associated with one or more CSI RSs can be configured for BFR. 
Observation 2: UE selects the contention based random access resources, if none of the CSI RSs associated with configured contention free random access resources are suitable.
Observation 3: Contention based random access resources are not associated with CSI RSs.

Observation 4: If UE has one or more suitable CSI RSs, it cannot report the same to network if it does not have contention free random access resources associated with them.
Proposal 1:  If UE has a suitable CSI RS and it does not have an associated contention free random access resource, UE reports the information about the suitable CSI-RS in Msg3. A new MAC CE includes the CSI RS ID of suitable CSI RS.
Proposal 2: BFR MAC CE has higher logical channel priority than other MAC CEs except C-RNTI MAC CE.
Proposal 3: Adopt the changes in Annexure.
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5 Annexure: Text Proposal

<Start of modification 1>
5.1.4 Random Access Response reception

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:

1>
if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>
start the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2>
monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI while ra-ResponseWindow is running.
1>
else:

2>
start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.

1>
if notification of a reception of a PDCCH transmission is received from lower layers; and
1>
if PDCCH transmission is addressed to the C-RNTI; and

1>
if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:

2>
consider the Random Access procedure successfully completed.
1>
else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>
if the Random Access Response contains a Backoff Indicator subheader:

3>
set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.

2>
else:

3>
set the PREAMBLE_BACKOFF to 0 ms.

2>
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):

3>
consider this Random Access Response reception successful.

2>
if the Random Access Response reception is considered successful:

3>
if the Random Access Response includes RAPID only:
4>
consider this Random Access procedure successfully completed;
4>
indicate the reception of an acknowledgement for the SI request to upper layers.

3>
else:

4>
apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:

5>
process the received Timing Advance Command (see subclause 5.2);

5>
indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep).
5>
if the Serving Cell for the Random Access procedure is SRS-only SCell:

6>
ignore the received UL grant.

5>
else:

6>
process the received UL grant value and indicate it to the lower layers.

4>
if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble:

5>
consider the Random Access procedure successfully completed.

4>
else:

5>
set the TEMPORARY_C-RNTI to the value received in the Random Access Response;

5>
if this is the first successfully received Random Access Response within this Random Access procedure:

6>
if the transmission is not being made for the CCCH logical channel:

7>
indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.

6>
if this random access procedure was initiated for beam failure recovery and a CSI-RS with CSI-RSRP above csirs-Threshold is available:

7> indicate to the Multiplexing and assembly entity to include a BFR MAC CE in the subsequent uplink transmission.
6>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>
if ra-ResponseWindow configured in RACH-ConfigCommon expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received; or:

1>
if ra-ResponseWindow configured in BeamFailureRecoveryConfig expires and if the PDCCH addressed to the C-RNTI has not been received:
2>
consider the Random Access Response reception not successful;
2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 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 contention-based Random Access Preamble:

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).
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.
HARQ operation is not applicable to the Random Access Response transmission.
<End of modification 1>
<Start of modification 2>
6.1.3.12
BFR MAC CE
The CSI RS MAC CE is identified by MAC PDU subheader with LCID as specified in Table 6.2.1-2.

It has a fixed size and consists of a single field defined as follows (Figure 6.1.3.2-1):

-
CSI RS ID: This field contains the identifier of CSI RS with CSI-RSRP above csirs-Threshold. The length of the field is 8 bits.
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Figure 6.1.3.12-1: BFR MAC CE

<End of modification 2>
<Start of modification 3>
5.4.3.1.3
Allocation of resources

The MAC entity shall, when a new transmission is performed:
1>
allocate resources to the logical channels as follows:
2>
logical channels selected in subclause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to "infinity", the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);

2>
decrement Bj by the total size of MAC SDUs served to logical channel j above;
2>
if any resources remain, all the logical channels selected in subclause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

NOTE:
The value of Bj can be negative.

If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants within one or more coinciding PDCCH occasions (i.e. on different Serving Cells), it is up to UE implementation in which order the grants are processed.
The UE shall also follow the rules below during the scheduling procedures above:
- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;

-
the UE should maximise the transmission of data;
-
if the MAC entity is given a UL grant size that is equal to or larger than 8 bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding.

The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:

-
the MAC entity is configured with skipUplinkTxDynamic and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and

-
there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and

-
the MAC PDU includes zero MAC SDUs; and

-
the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR.
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-
C-RNTI MAC CE or data from UL-CCCH;

-      BFR MAC CE;
-
Configured Grant Confirmation MAC CE;

-
MAC CE for BSR, with exception of BSR included for padding;

-
Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC CE for BSR included for padding.
<End of modification 3>
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