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1 Introduction
As agreed in RAN2#99 bis, UE may fallback to common RACH only when there are no resources available for DL suitable beams.
	Agreements for handover and PSCell change involving RACH:
1	UE shall not switch to contention-based RACH resources if there are dedicated RACH resources fulfilling the quality threshold specified above
2	Same behaviour as for LTE for T304 and T307



As a result, MAC spec capture the agreement in section 5.1.2 (Random Access Resource selection) by specifying that during PRACH selection for each preamble (re)transmission, UE first check dedicated PRACH resource, and perform contention-based RACH only when no PRACH resource has beam quality above threshold.
The way how MAC spec captures the agreement also allows UE to switch from CBRA back to CFRA. However, we don’t think the flexibility from CBRA to CFRA is really needed, which causes inter-leaved CBRA and CFRA. In this paper, we address the issue and suggest that CBRA fallback is modelled as a separate RACH procedure triggered after unsuccessful completion of CFRA. 
2 Discussion
2.1 Necessity to support switching from CBRA to CFRA 
As specified in current MAC spec, for each preamble (re)transmission MAC could select to perform either CBRA or CFRA. This allows RACH fallback from CFRA to CBRA, and allows switching from CBRA to CFRA as well.

Observation 1: In addition to RACH fallback from CFRA to CBRA, current MAC spec allows UE to switch from CBRA to CFRA as long as dedicated PRACH resource with beam quality above threshold become available.

However, we think the benefit to allow switching from CBRA back to CFRA is marginal.
· First, it might be a rare case that PRACH resource associated with DL beam above threshold becomes available after UE has performed RACH fallback. 
· Secondly, in case the situation (dedicated PRACH resource becomes available after RACH fallback) occurs, probably the RSRP threshold is not well set or the channel variation is very drastic. Therefore even if some dedicated PRACH become available after UE fallback to CBRA, it is more reliable for UE to stick to CBRA, rather than switch back to CFRA based on fast-varying beam measurement results.
Observation 2: The benefit to allow switching from CBRA to CFRA is marginal.

2.2 Scenario: RACH fallback for CFRA on SCell

Agreed as early as in RAN2#98, contention-based RACH is not supported in SCell as in LTE. 

	RAN2#98 Agreements
… <ignore> …  
As in LTE:
6. As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.
7. When performing random access procedure on the PCell while CA is configured, UE transmits the RACH preamble on PCell and receives the corresponding RAR on PCell. 
8. When performing contention free random access procedure on the SCell while CA is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell.
… <ignore> …



Then a question is how to handle the case if UE cannot find available dedicated RACH resource (associated with DL beam above RSRP threshold) when performing CFRA on SCell, e.g., when UE receive PDCCH order to update TA timer for SCell?
To support RACH fallback, UE should perform CBRA in case of no PRACH resource available for CFRA on SCell. However, CBRA can only be performed on PCell, so we have two options as shown in Figure 1:
· Option 1: In case of no PRACH available for CFRA, UE switch the ongoing RACH procedure to PCell to perform CBRA on, and may switch back to SCell for CFRA if there is available PRACH resource later.
· Option 1-1: UE may switch back to SCell for CFRA if there is available PRACH resource for CFRA later.
· Option 1-2: Once UE fallback to CBRA, UE does not switch back to CFRA even if dedicated PRACH becomes available for CFRA.

· Option 2: In case of no PRACH available for CFRA, UE considers CFRA on SCell completed unsuccessfully. UE then re-initiate a new RACH procedure for CBRA on PCell if RACH fallback is required.
Notice that in either option 1 or option 2, after network receives Msg3 of CBRA, network knows that UE has problem in CFRA, and may re-schedule CFRA resource for UE on SCell.

We don’t like Option 1-1 because we don’t see the benefit for UE to switch RACH back and forth between SCell and PCell. In addition, in Option 1-1 and Option 1-2 RACH procedure is ongoing across SCell and PCell, i.e. RACH procedure is modelled as per MAC entity. To reduce impact on current MAC spec, we slightly prefer to Option 2 rather than Option 1-2.
	

	


	Figure 1(a). Option 1-1: RACH procedure is ongoing when switching occurs between Serving Cells.
	Figure 1(b). Option 1-2: RACH procedure is ongoing when switching from CFRA to CBRA. From CBRA to CFRA is not supported. 

	

	

	Figure 1(c). Option 2: Re-initiate a new RACH procedure for CBRA when RACH fallback occurs.
	

	Figure 1. CFRA on SCell



Observation 3: Current MAC spec does not support CBRA on SCell, and therefore it is unclear how to support RACH fallback on SCell.
Observation 4: To model CFRA on SCell, Option 1 (RACH procedure is per MAC entity) has more MAC spec impact than option 2 (RACH procedure is per Serving Cell). 
2.3 Scenario: RACH fallback for CFRA when UE is not on a DL BWP for CBRA
In RAN2#101[2], the linkage between PRACH configuration/resources and DL BWP are introduced to solve the problem of RAR reception for contention-based RACH in FDD. 
	Agreements 
=> For FDD and CBRA, PRACH configuration/resources are linked with DL BWPs (implicitly or explicitly).  The UE only monitors RAR on DL BWPs that are linked to the used PRACH resources
=> Working assumption: UL BWP k is linked with DL BWP k. If the UE intends to transmit preamble on UL BWP k, then the active DL BWP has to be DL BWP k.  ASN.1 signalling supports this



Therefore, upon initiation of CFRA, two alternatives can be considered:
· Option 1 (as suggested in [3]): Upon CFRA is initiated, UE always switch to the DL BWP linked to the UL BWP for CBRA
· Upon initiation of CFRA, UE switch to DL BWP linked with its active UL BWP for CBRA. UE then perform CFRA (and CBRA if needed) on the active UL and DL BWP.
· Option 2: Upon initiation of CFRA, UE perform CFRA on current UL BWP and DL BWP. Only when CFRA is failed, UE switch to the DL BWP linked to the UL BWP for CBRA

· Option 2-1: When no dedicated PRACH resources are available for CFRA, UE continues the ongoing RACH procedure on the BWP linkage for CBRA.

· Option 2-2: When no dedicated PRACH resources are available for CFRA, UE stop CFRA, and initiate a new RACH procedure on the BWP linkage for CBRA.

· For both option 2-1 and 2-2, after triggering CBRA UE does not switch back to CFRA again, so as to avoid BWP switching back and forth between original DL BWP for CFRA and the DL BWP for CBRA. 
Comparing these options, we have the following observations:
· Option 1 always needs DL BWP switching upon CFRA initiation even if UE can succeed in CFRA trial without RACH fallback. In contrast, Alternative 2-1 and 2-2 needs not DL BWP switching if CFRA succeeds.
· Option 1 allow switching between CFRA and CBRA, while alternative 2-1 and 2-2  does not support switching from CBRA to CFRA. 
· Option 1 limits that dedicated CFRA resource can only be configured on a UL BWP supporting CBRA, so as to support switching between CFRA and CBRA without BWP switching. In contrast, alternative 2-1 and 2-2  have no such a restriction, and therefore can relieve the traffic load of UL BWP with contention-based PRACH such as initial UL BWP.




Observation 5: Compared to alternative 1 (switching DL BWP upon RACH initiation), alternative 2( switching DL BWP only when needed) saves DL BWP switching and allow flexible network configuration, i.e. CFRA resource can be configured on UL BWP without CBRA PRACH resource, which relieve the traffic load of UL BWP for CBRA.


	

	


	Figure 2(a). Option 1: Switch DL BWP upon the initiation of RACH procedure. 
	Figure 2(b). Option 2-1: Switch DL BWP only when in the RACH procedure CFRA transmission is stopped and CBRA transmission is started. 

	

	

	Figure 2(c). Option 2-2: Switch DL BWP only when CFRA fails and a new CBRA is initiated.
	

	Figure 2. CFRA when DL BWP is not linked with UL BWP for CBRA



2.4 Discussion
Based on the observation above, we propose to have a unified modelling for RACH, i.e. CBRA fallback is after CFRA, and RAN2 could consider whether CBRA and CFRA are in the same or separate RACH procedures. 

The proposed model decouples CFRA and CBRA, and thus in some sense is compatible with RAN1’s design on beam recovery, i.e. contention-free beam recovery could refer to RAN1’s design, while for contention-based beam recovery, it is totally based on RAN2’s design.

	

	


	Figure 3(a). RACH procedure is ongoing when UE switch from CFRA to CBRA
	Figure 3(b). CFRA procedure is completed and CBRA procedure is triggered when UE switch from CFRA to CBRA

	Figure 3. Two possible RACH models to capture RAN1’ design on contention-free beam recovery 




Observation 6: The modelling “CFRA and then CBRA as fallback” decouples CFRA and CBRA, and therefore can accommodate RAN1’s design for contention-free beam recovery.

Proposal 1: CBRA is started after the termination of CFRA, i.e. switching from CBRA to CFRA is not supported.

Proposal 2: RAN2 considers the following two models for CBRA fallback
· Model 1: A RACH procedure consists of CFRA transmission and then CBRA transmission if RACH fallback occurs. CBRA transmission starts after the end of CFRA transmission and continues until the end of RACH procedure.
· 
· Model 2: CFRA and CBRA are two separate RACH procedures. CBRA is triggered after unsuccessful completion of CFRA.
3 Conclusion 
Based on the observation:
Observation 1: In addition to RACH fallback from CFRA to CBRA, current MAC spec allows UE to switch from CBRA to CFRA as long as dedicated PRACH resource with beam quality above threshold become available.
Observation 2: The benefit to allow switching from CBRA to CFRA is marginal.
Observation 3: Current MAC spec does not support CBRA on SCell, and therefore it is unclear how to support RACH fallback on SCell.
Observation 4: To model CFRA on SCell, Option 1 (RACH procedure is per MAC entity) has more MAC spec impact than option 2 (RACH procedure is per Serving Cell). 

Observation 5: Compared to alternative 1 (switching DL BWP upon RACH initiation), alternative 2( switching DL BWP only when needed) saves DL BWP switching and allow flexible network configuration, i.e. CFRA resource can be configured on UL BWP without CBRA PRACH resource, which relieve the traffic load of UL BWP for CBRA. 
Observation 6: The modelling “CFRA and then CBRA as fallback” decouples CFRA and CBRA, and therefore can accommodate RAN1’s modelling for contention-free beam recovery.

We propose:
Proposal 1: CBRA is started after the termination of CFRA, i.e. switching from CBRA to CFRA is not supported.

Proposal 2: RAN2 considers the following two models for CBRA fallback
· Model 1: A RACH procedure consists of CFRA transmission and then CBRA transmission if RACH fallback occurs. CBRA transmission starts after the end of CFRA transmission and continues until the end of RACH procedure.
· 
· Model 2: CFRA and CBRA are two separate RACH procedures. CBRA is triggered after unsuccessful completion of CFRA.



4 Annex: Text Proposal (Model 1: RACH procedure continues when switching from CFRA to CBRA)
	Begin of Change


[bookmark: _Toc502437793]
[bookmark: _Toc502437792]5.1.2	Random Access Resource selection

The MAC entity shall:
1> if PREAMBLE_TRANSMISSION_COUNTER is equal to 1; or
1> if PREAMBLE_TRANSMISSION_COUNTER is larger than 1, and the previous Random Access Preamble transmission applies either a contention-free Random Access resource or an explicitly provided ra-PreambleIndex which is not not 0b000000: 
1>2>	if the Random Access procedure was initiated for beam failure recovery (as specified in subclause 5.17); and
1>2>	if the contention-free Random Access Resources for beam failure recovery request associated with any of the SSBs and/or CSI-RSs have been explicitly provided by RRC; and
1>2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs or the CSI-RSs with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs is available:
2>3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs or a CSI-RS with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs;
2>3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB or CSI-RS from the set of Random Access Preambles for beam failure recovery request.
1>	2>else if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC; and
1>2>	if the ra-PreambleIndex is not 0b000000; and
1>2>	if contention-free Random Access Resource associated with SSBs or CSI-RS have not been explicitly provided by RRC:
2>3>	set the PREAMBLE_INDEX to the signalled ra-PreambleIndex.
1>2>	else if the contention-free Random Access Resources associated with SSBs have been explicitly provided by RRC and at least one SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs is available:
2>3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;
2>3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.
1>	2>else if the contention-free Random Access Resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs is available:
2>3>	select a CSI-RS with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs;
2>3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
1>	if a SSB is not selected, a CSI-RS is not selected, and PREAMBLE_INDEX is not set:else:
2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SSB.
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 (of the Serving Cell performing the Random Access Procedure) –preambleReceivedTargetPower – deltaPreambleMsg3 – messagePowerOffsetGroupB:
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 Random Access Preamble transmission attempt corresponding to the first transmission of Msg3.
2>	if the association between Random Access Preambles and SSBs is configured:
3>	select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group.
2>	else:
3>	select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles within the selected Random Access Preambles group.
2>	set the PREAMBLE_INDEX to the selected ra-PreambleIndex.
1>	if an SSB is selected above and an association between PRACH occasions and SSBs is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB).
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 in ra-OccasionList corresponding to the selected CSI-RS (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected CSI-RS).
1>	else:
2>	determine the next available PRACH occasion (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion).
1>	perform the Random Access Preamble transmission procedure (see subclause 5.1.3).

	Next Change



[bookmark: _Toc502437830]5.15	Bandwidth Part (BWP) operation
… <ignore>…
Upon initiation of the Random Access procedure, the MAC entity shall:
1>	if PRACH occasions are configured for the active UL BWP:
      2> if UE is in paired spectrum and is initiating contention-based Random Access Procedure:
            3> switch to the DL BWP linked with the active UL BWP for contention-based Random Access Procedure.
2>	perform the Random Access procedure on the active DL BWP and UL BWP.
1>	else (i.e. PRACH occasions are not configured for the active UL BWP):
2>	switch to initial DL BWP and UL BWP;
2>	perform the Random Access procedure on the initial DL BWP and UL BWP.
… <ignore>…

	End of Change


5 Annex: Text Proposal (Model 2: CBRA and CFRA are separate RACH procedures)
	Begin of Change



5.1.2	Random Access Resource selection

The MAC entity shall:
1> if contention-free Random Access Resources have been explicitly provided by RRC; or
1> if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC, and if the ra-PreambleIndex is not 0b000000: 
1>2>	if the Random Access procedure was initiated for beam failure recovery (as specified in subclause 5.17); and
1>2>	if the contention-free Random Access Resources for beam failure recovery request associated with any of the SSBs and/or CSI-RSs have been explicitly provided by RRC; and
1>2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs or the CSI-RSs with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs is available:
2>3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs or a CSI-RS with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs;
2>3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB or CSI-RS from the set of Random Access Preambles for beam failure recovery request.
1>	2>else if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC; and
1>2>	if the ra-PreambleIndex is not 0b000000; and
1>2>	if contention-free Random Access Resource associated with SSBs or CSI-RS have not been explicitly provided by RRC:
2>3>	set the PREAMBLE_INDEX to the signalled ra-PreambleIndex.
1>2>	else if the contention-free Random Access Resources associated with SSBs have been explicitly provided by RRC and at least one SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs is available:
2>3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;
2>3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.
1>	2>else if the contention-free Random Access Resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs is available:
2>3>	select a CSI-RS with CSI-RSRP above csirs-Threshold amongst the associated CSI-RSs;
2>3>	set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
2> if a SSB is not selected, a CSI-RS is not selected, and PREAMBLE_INDEX is not set:
	3> Consider Random Access Procedure unsuccessfully completed (see subclause 5.1.6).
	3> if RACH_fallback is configured:
		4> initiate a Random Access Procedure (see subclause 5.1.1) on the SpCell.
1>	else:
2>	if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3>	select an SSB with SS-RSRP above rsrp-ThresholdSSB.
2>	else:
3>	select any SSB.
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 (of the Serving Cell performing the Random Access Procedure) –preambleReceivedTargetPower – deltaPreambleMsg3 – messagePowerOffsetGroupB:
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 Random Access Preamble transmission attempt corresponding to the first transmission of Msg3.
2>	if the association between Random Access Preambles and SSBs is configured:
3>	select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group.
2>	else:
3>	select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles within the selected Random Access Preambles group.
2>	set the PREAMBLE_INDEX to the selected ra-PreambleIndex.
1>	if an SSB is selected above and an association between PRACH occasions and SSBs is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB).
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 in ra-OccasionList corresponding to the selected CSI-RS (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected CSI-RS).
1>	else:
2>	determine the next available PRACH occasion (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion).
1>	perform the Random Access Preamble transmission procedure (see subclause 5.1.3).

	Next Change




5.15	Bandwidth Part (BWP) operation
… <ignore>…
Upon initiation of the Random Access procedure, the MAC entity shall:
1>	if PRACH occasions are configured for the active UL BWP:
      2> if UE is in paired spectrum and is initiating contention-based Random Access Procedure:
            3> switch to the DL BWP linked with the active UL BWP for contention-based Random Access Procedure.
2>	perform the Random Access procedure on the active DL BWP and UL BWP.
1>	else (i.e. PRACH occasions are not configured for the active UL BWP):
2>	switch to initial DL BWP and UL BWP;
2>	perform the Random Access procedure on the initial DL BWP and UL BWP.
… <ignore>…

	End of Change
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