3GPP TSG RAN2 Meeting #124                                                                  R2-2312093
Chicago, USA, Nov. 13th – 17th, 2023

Agenda item:
7.24.2
Source:
Samsung, Sony

Title:
Handling SSB failure during SDT Procedure
Document for:
Discussion & Decision
1 Introduction
In this contribution we discuss the handling of SSB failure during the SDT procedure.
2 Discussion
During the subsequent SDT phase of SDT based on RA, SSB selected during the last random access procedure is used for DL/UL data reception/transmission. This SSB may become unsuitable during the SDT procedure and UE will not be able to perform DL/UL data reception/transmission. 
So, we propose that for RA-SDT, 

· If SSB selected during the last random access procedure during the SDT procedure becomes unsuitable (i.e. SS-RSRP of the SSB < configured threshold) AND there is at least one SSB whose SS-RSRP is >= configured threshold: UE initiates random access procedure. 
· The condition ‘there is at least one SSB whose SS-RSRP is >= configured threshold’ ensures that UE does not initiate random access procedure unnecessarily.
· If this condition is not checked, UE will trigger random access procedure even when there is no SSB with SS-RSRP >= configured threshold. 
· There is no benefit of this triggered random access procedure except for the 
· chance that SSB with SS-SSRP < configured threshold selected during the triggered random access procedure may be better than SSB selected during the previous random access procedure
· chance that this triggered random access procedure may be successful even if SSB with SS-SSRP < configured threshold selected during the random access procedure
· During this triggered  random access procedure UE will select an SSB with SS-SSRP < configured threshold. Upon completion of this random access procedure, the condition “SSB selected during the last random access procedure during the SDT procedure becomes unsuitable (i.e. SS-RSRP of the SSB < configured threshold)” will be met immediately and UE will trigger random access procedure again.
· This also leads to unnecessary transmissions and increased UE power consumption and increased contention on RACH.
RAN4 impacts

· In the previous meeting(s) some concerns were raised that this new trigger for random access may impose/need some additional measurement requirements to be specified by RAN4. In our understanding there is no need of additional measurement requirements. UE perform measurement as usual and perform the evaluation when measurement result is available.

· This measurement and evaluation of SS-RSRP during a time interval is similar to measurement and evaluation of SS-RSRP/CSI-RSRP to determine whether CFRA criteria is met or not during the back off time, as shown below. There is no additional measurement requirement imposed on UE. 

“

3>
if the criteria (as defined in clause 5.1.2) to select contention-free Random Access Resources is met during the backoff time:

4>
perform the Random Access Resource selection procedure (see clause 5.1.2).

“
Proposal 1: if SSB selected during the last random access procedure during the SDT procedure become unsuitable (i.e. SS-RSRP of the SSB < configured threshold) AND there is at least one SSB whose SS-RSRP is >= configured threshold: UE initiates random access procedure. 
Configured threshold 
· The threshold can be signalled in SDT configuration in SIB.
· The threshold can be rsrp-ThresholdSSB in random access configuration selected by UE when RA-SDT procedure was initiated

· The threshold can be rsrp-ThresholdSSB in non SDT random access configuration(s). 
· There can be several non SDT random access resource configurations depending on SUL/NUL/BWP(redcap, non redcap) and hence several rsrp-ThresholdSSBs not just one for non SDT. Which one to use? At the time of checking condition to trigger RA, UE does not know which random access resource set it will use in case RA is triggered. To know that UE needs to go through random resource set selection procedure (SUL/NUL selection, BWP selection and then random access resource set selection).
It seems simple to use rsrp-ThresholdSSB in random access configuration selected by UE when RA-SDT procedure was initiated.

Proposal 2: Threshold is rsrp-ThresholdSSB in random access configuration selected by UE when RA-SDT procedure was initiated.

Contention resolution/RAR reception
In the legacy operation, when random access is triggered by MAC entity

· For 4 step RA, contention resolution can be considered successful if PDCCH addressed to the C-RNTI which schedules new UL grant is received.

· For 2 step RA, random access response can be considered successful if PDCCH addressed to the C-RNTI which schedules new UL grant is received.

For this triggered random access procedure (as in proposal 1), UL grant is not necessary as UE may not have any data to transmit. So, we propose the following:

· For 4 step RA, contention resolution can be considered successful if PDCCH addressed to the C-RNTI is received.

· For 2 step RA, random access response can be considered successful if PDCCH addressed to the C-RNTI is received.
Proposal 3: For this triggered random access procedure (as in proposal 1): 

· 4 step RA: contention resolution can be considered successful if PDCCH addressed to the C-RNTI is received.

· 2 step RA: random access response can be considered successful if PDCCH addressed to the C-RNTI is received.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: if SSB selected during the last random access procedure during the SDT procedure become unsuitable (i.e. SS-RSRP of the SSB < configured threshold) AND there is at least one SSB whose SS-RSRP is >= configured threshold: UE initiates random access procedure. 
Proposal 2: Threshold is rsrp-ThresholdSSB in random access configuration selected by UE when RA-SDT procedure was initiated.

Proposal 3: For this triggered random access procedure (as in proposal 1):
· 4 step RA: contention resolution can be considered successful if PDCCH addressed to the C-RNTI is received.

· 2 step RA: random access response can be considered successful if PDCCH addressed to the C-RNTI is received.

4 Text Proposal (TS 38.21)
5.27.1
General

The MAC entity may be configured by RRC with SDT and the SDT procedure may be initiated by RRC layer for MO-SDT or MT-SDT. The SDT procedure can be performed either by Random Access procedure with 2-step RA type or 4-step RA type (i.e., RA-SDT) or by configured grant Type 1 (i.e., CG-SDT).

RRC configures the following parameters for SDT procedure:

-
sdt-DataVolumeThreshold: data volume threshold for the UE to determine whether to perform SDT procedure;
-
sdt-RSRP-Threshold: RSRP threshold for UE to determine whether to perform SDT procedure triggered for MO-SDT;

-
sdt-RSRP-ThresholdMT: RSRP threshold for UE to determine whether to perform SDT procedure triggered for MT-SDT;

-
cg-SDT-MaxDurationToNextCG-Occasion: time threshold for the UE to determine whether to perform CG-SDT;

-
cg-SDT-RSRP-ThresholdSSB: an RSRP threshold configured for SSB selection for CG-SDT.
The MAC entity shall, if initiated by the upper layers for SDT procedure:

1>
if the data volume of the pending UL data across all RBs configured for SDT is less than or equal to sdt-DataVolumeThreshold when the SDT procedure is initiated for MO-SDT as in TS 38.331 [5]; and

NOTE 1:
For SDT procedure, the MAC entity also considers the suspended RBs configured with SDT for data volume calculation. It is up to the UE's implementation how the UE calculates the data volume for the suspended RBs. Size of the CCCH message is not considered for data volume calculation.

1>
if the RSRP of the downlink pathloss reference is higher than sdt-RSRP-Threshold, if configured, for SDT procedure triggered for MO-SDT; or if the RSRP of the downlink pathloss reference is higher than sdt-RSRP-ThresholdMT, if configured, for SDT procedure triggered for MT-SDT:

2>
if the Serving Cell is configured with supplementary uplink as specified in TS 38.331 [5]; and

2>
if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL:

3>
select the SUL carrier.

2>
else:

3>
select the NUL carrier.

2>
if CG-SDT is configured on the selected UL carrier, and TA for CG-SDT is valid according to clause 5.27.2 in the first available CG occasion for initial CG-SDT transmission with CCCH message according to clause 5.8.2; and

2>
if the SDT procedure is initiated for MO-SDT as in TS 38.331 [5], for each RB having data available for transmission, configuredGrantType1Allowed, if configured for CG-SDT, is configured with value true for the corresponding logical channel; or if the SDT procedure is initiated for MT-SDT as in TS 38.331 [5]; and

2>
if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available, and if the time gap between the initiation of the SDT procedure and first available CG occasion for initial CG-SDT transmission with CCCH message according to clause 5.8.2 is less than cg-SDT-MaxDurationToNextCG-Occasion, if configured:
3>
indicate to the upper layers that the conditions for initiating SDT procedure are fulfilled;

3>
perform CG-SDT procedure on the selected UL carrier according to clause 5.8.2.

2>
else if the SDT procedure is initiated for MO-SDT as specified in TS 38.331 [5], and a set of Random Access resources for RA-SDT is configured and can be selected according to clause 5.1.1b on the selected UL carrier on the BWP configured by initialUplinkBWP-RedCap, if configured for a RedCap UE; otherwise, on the BWP configured by initialUplinkBWP; or if the SDT procedure is initiated for MT-SDT as specified in TS 38.331 [5]:
3>
if cg-SDT-TimeAlignmentTimer is running, consider cg-SDT-TimeAlignmentTimer as expired and perform the corresponding actions in clause 5.2;

3>
indicate to the upper layers that the conditions for initiating SDT procedure are fulfilled.

2>
else:

3>
indicate to the upper layers that the conditions for initiating SDT procedure are not fulfilled.

1>
else:

2>
indicate to the upper layers that the conditions for initiating SDT procedure are not fulfilled.
If RA-SDT is selected above and after the Random Access procedure is successfully completed (see clause 5.1.6), the UE monitors PDCCH addressed to C-RNTI received in random access response until the RA-SDT procedure is terminated. If CG-SDT is selected above and after the initial transmission for CG-SDT is performed, the UE monitors PDCCH addressed to C-RNTI as stored in UE Inactive AS context as specified in TS 38.331 [5] and CS-RNTI until the CG-SDT procedure is terminated.

The MAC entity shall:

1>  if RA-SDT procedure for MO-SDT or MT-SDT is ongoing:

2> if SS-RSRP of the SSB selected in the last successfully completed random access procedure during the ongoing RA-SDT procedure is less than rsrp-ThresholdSSB and if there is at least one SSB with SS-RSRP greater than or equal to rsrp-ThresholdSSB:

3> initiate a Random Access procedure (see clause 5.1).

NOTE X:
It is up to UE implementation when to measure SSB in ongoing RA-SDT procedure. UE uses rsrp-ThresholdSSB in random access configuration selected by the UE when RA-SDT procedure was initiated.
NOTE 2:
When the UE determines if there is an SSB with SS-RSRP above cg-SDT-RSRP-ThresholdSSB or less than rsrp-ThresholdSSB, the UE uses the latest unfiltered L1-RSRP measurement.
5.1.4a
MSGB reception and contention resolution for 2-step RA type

Once the MSGA preamble is transmitted, regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1>
start the msgB-ResponseWindow at the PDCCH occasion as specified in TS 38.213 [6], clause 8.2A;

1>
monitor the PDCCH of the SpCell for a Random Access Response identified by MSGB-RNTI while the msgB-ResponseWindow is running;

1>
if C-RNTI MAC CE was included in the MSGA:

2>
monitor the PDCCH of the SpCell for Random Access Response identified by the C-RNTI while the msgB-ResponseWindow is running.

1>
if notification of a reception of a PDCCH transmission of the SpCell is received from lower layers:

2>
if the C-RNTI MAC CE was included in MSGA:

3>
if the Random Access procedure was initiated for SpCell beam failure recovery or for beam failure recovery of both BFD-RS sets of SpCell (as specified in clause 5.17) and the PDCCH transmission is addressed to the C-RNTI; or
3>
if the Random Access procedure was initiated by the MAC sublayer itself during the ongoing RA-SDT procedure (as specified in clause 5.27.1) and the PDCCH transmission is addressed to the C-RNTI:
4>
consider this Random Access Response reception successful;
4>
stop the msgB-ResponseWindow;

4>
consider this Random Access procedure successfully completed.
3>
else if the timeAlignmentTimer associated with the PTAG is running; or

3>
if CG-SDT procedure is ongoing and cg-SDT-TimeAlignmentTimer is running:

4>
if the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:
5>
consider this Random Access Response reception successful;

5>
stop the msgB-ResponseWindow;

5>
consider this Random Access procedure successfully completed.

3>
else:

4>
if a downlink assignment has been received on the PDCCH for the C-RNTI and the received TB is successfully decoded:
5>
if the MAC PDU contains the Absolute Timing Advance Command MAC CE:

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

6>
consider this Random Access Response reception successful;

6>
stop the msgB-ResponseWindow;
6>
consider this Random Access procedure successfully completed and finish the disassembly and demultiplexing of the MAC PDU.
2>
if a valid (as specified in TS 38.213 [6]) downlink assignment has been received on the PDCCH for the MSGB-RNTI and the received TB is successfully decoded:

3>
if the MSGB contains a MAC subPDU with Backoff Indicator:

4>
set the PREAMBLE_BACKOFF to value of the BI field of the MAC subPDU using Table 7.2-1, multiplied with SCALING_FACTOR_BI.

3>
else:

4>
set the PREAMBLE_BACKOFF to 0 ms.

3>
if the MSGB contains a fallbackRAR MAC subPDU; and

3>
if the Random Access Preamble identifier in the MAC subPDU matches the transmitted PREAMBLE_INDEX (see clause 5.1.3a):
4>
consider this Random Access Response reception successful;

4>
apply the following actions for the SpCell:

5>
process the received Timing Advance Command (see clause 5.2);
5>
indicate the msgA-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) × PREAMBLE_POWER_RAMPING_STEP);

5>
if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble(s):

6>
consider the Random Access procedure successfully completed;

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

5>
else:

6>
set the TEMPORARY_C-RNTI to the value received in the Random Access Response;
6>
if the Msg3 buffer is empty:

7>
obtain the MAC PDU to transmit from the MSGA buffer and store it in the Msg3 buffer;
6>
process the received UL grant value and indicate it to the lower layers and proceed with Msg3 transmission.
NOTE:
If within a 2-step RA type procedure, an uplink grant provided in the fallback RAR has a different size than the MSGA payload, the UE behavior is not defined.
3>
else if the MSGB contains a successRAR MAC subPDU; and
3>
if the CCCH SDU was included in the MSGA and the UE Contention Resolution Identity in the MAC subPDU matches the CCCH SDU:

4>
stop msgB-ResponseWindow;

4>
if this Random Access procedure was initiated for SI request:

5>
indicate the reception of an acknowledgement for SI request to upper layers.

4>
else:

5>
set the C-RNTI to the value received in the successRAR;
5>
apply the following actions for the SpCell:

6>
process the received Timing Advance Command (see clause 5.2);
6>
indicate the msgA-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) × PREAMBLE_POWER_RAMPING_STEP).

4>
deliver the TPC, PUCCH resource Indicator, ChannelAccess-CPext (if indicated), and HARQ feedback Timing Indicator received in successRAR to lower layers.
4>
consider this Random Access Response reception successful;
4>
consider this Random Access procedure successfully completed;

4>
finish the disassembly and demultiplexing of the MAC PDU.

1>
if msgB-ResponseWindow expires, and the Random Access Response Reception has not been considered as successful based on descriptions above:

2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

3>
indicate a Random Access problem to upper layers;

3>
if this Random Access procedure was triggered for SI request:
4>
consider this Random Access procedure unsuccessfully completed.

2>
if the Random Access procedure is not completed:

3>
if msgA-TransMax is applied (see clause 5.1.1a) and PREAMBLE_TRANSMISSION_COUNTER = msgA-TransMax + 1:

4>
set the RA_TYPE to 4-stepRA;

4>
perform initialization of variables specific to Random Access type as specified in clause 5.1.1a;
4>
if the Msg3 buffer is empty:

5>
obtain the MAC PDU to transmit from the MSGA buffer and store it in the Msg3 buffer;
4>
flush HARQ buffer used for the transmission of MAC PDU in the MSGA buffer;

4>
discard explicitly signalled contention-free 2-step RA type Random Access Resources, if any;
4>
perform the Random Access Resource selection procedure as specified in clause 5.1.2.

3>
else:

4>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

4>
if the criteria (as defined in clause 5.1.2a) to select contention-free Random Access Resources is met during the backoff time:

5>
perform the Random Access Resource selection procedure for 2-step RA type Random Access (see clause 5.1.2a).

4>
else:

5>
perform the Random Access Resource selection procedure for 2-step RA type Random Access (see clause 5.1.2a) after the backoff time.

Upon receiving a fallbackRAR, the MAC entity may stop msgB-ResponseWindow once the Random Access Response reception is considered as successful.
5.1.5
Contention Resolution

Once Msg3 is transmitted the MAC entity shall:

1>
if the Msg3 transmission (i.e. initial transmission or HARQ retransmission) is scheduled with PUSCH repetition Type A:

2>
if Msg3 is transmitted on a non-terrestrial network:

3>
start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission plus the UE-gNB RTT.

2>
else:
3>
start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission.

1>
else if Msg3 transmission (i.e. initial transmission or HARQ retransmission) is transmitted on a non-terrestrial network:

2>
start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission plus the UE-gNB RTT.

1>
else:

2>
start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission.

1>
monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of a measurement gap;

1>
if notification of a reception of a PDCCH transmission of the SpCell is received from lower layers:

2>
if the C-RNTI MAC CE was included in Msg3:

3>
if the Random Access procedure was initiated for SpCell beam failure recovery or for beam failure recovery of both BFD-RS sets of SpCell (as specified in clause 5.17) and the PDCCH transmission is addressed to the C-RNTI; or

3>
if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI; or
3>
if the Random Access procedure was initiated by the MAC sublayer itself during the ongoing RA-SDT procedure (as specified in clause 5.27.1) and the PDCCH transmission is addressed to the C-RNTI; or

3>
if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:

4>
consider this Contention Resolution successful;

4>
stop ra-ContentionResolutionTimer;

4>
discard the TEMPORARY_C-RNTI;

4>
consider this Random Access procedure successfully completed.
2>
else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:

3>
if the MAC PDU is successfully decoded:

4>
stop ra-ContentionResolutionTimer;

4>
if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and

4>
if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:

5>
consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;

5>
if this Random Access procedure was initiated for SI request:

6>
indicate the reception of an acknowledgement for SI request to upper layers.

5>
else:

6>
set the C-RNTI to the value of the TEMPORARY_C-RNTI;

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Random Access procedure successfully completed.

4>
else:

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Contention Resolution not successful and discard the successfully decoded MAC PDU.

1>
if ra-ContentionResolutionTimer expires:

2>
if Msg3 transmission was transmitted on a non-terrestrial network:

3>
if no PDCCH addressed to TC-RNTI indicating uplink grant for a Msg3 retransmission is received after the start of the ra-ContentionResolutionTimer:

4>
discard the TEMPORARY_C-RNTI;

4>
consider the Contention Resolution not successful.

2>
else:

3>
discard the TEMPORARY_C-RNTI;

3>
consider the Contention Resolution not successful.

1>
if the Contention Resolution is considered not successful:

2>
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;

2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

3>
indicate a Random Access problem to upper layers.

3>
if this Random Access procedure was triggered for SI request:

4>
consider the Random Access procedure unsuccessfully completed.

2>
if the Random Access procedure is not completed:

3>
if the RA_TYPE is set to 4-stepRA:

4>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

4>
if the criteria (as defined in clause 5.1.2) to select contention-free Random Access Resources is met during the backoff time:

5>
perform the Random Access Resource selection procedure (see clause 5.1.2);

4>
else:

5>
perform the Random Access Resource selection procedure (see clause 5.1.2) after the backoff time.

3>
else (i.e. the RA_TYPE is set to 2-stepRA):

4>
if msgA-TransMax is applied (see clause 5.1.1a) and PREAMBLE_TRANSMISSION_COUNTER = msgA-TransMax + 1:

5>
set the RA_TYPE to 4-stepRA;

5>
perform initialization of variables specific to Random Access type as specified in clause 5.1.1a;
5>
flush HARQ buffer used for the transmission of MAC PDU in the MSGA buffer;

5>
discard explicitly signalled contention-free 2-step RA type Random Access Resources, if any;
5>
perform the Random Access Resource selection as specified in clause 5.1.2.

4>
else:

5>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

5>
if the criteria (as defined in clause 5.1.2a) to select contention-free Random Access Resources is met during the backoff time:

6>
perform the Random Access Resource selection procedure for 2-step RA type as specified in clause 5.1.2a.
5>
else:

6>
perform the Random Access Resource selection for 2-step RA type procedure (see clause 5.1.2a) after the backoff time.
