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Introduction
In RAN2#101-bis meeting, the issue of BWP linkage in support of CBRA was discussed and resulted in the following agreements:
RAN2 understands that the purpose of the linking is that the network transmits a RAR on the DL BWP linked with UL BWP where the UE transmits the preamble
=> 	RAN2 assumes that if UL BWP is used for the UL/DL linking for CB RACH, the UL BWP start position need to be the same for all UEs that can use this RACH resource
We confirm to use 1-to-1 BWP linking for RACH
In RAN2#102 meeting, the above resulted in a first agreed CR [1], which was further updated in [2] to clarify the case of PDCCH order based random access on SCell, in which case the DL BWP is not required to switch on the SCell. The resulting text currently captured in TS38.321 [3] is:
	Upon initiation of the Random Access procedure on a Serving Cell, the MAC entity shall for this Serving Cell:
1>	if PRACH occasions are not configured for the active UL BWP:
2>	switch the active UL BWP to BWP indicated by initialUplinkBWP;
2>	if the Serving Cell is a SpCell:
3>	switch the active DL BWP to BWP indicated by initialDownlinkBWP.
1>	else:
2>	if the Serving Cell is a SpCell:
3>	if the active DL BWP does not have the same bwp-Id as the active UL BWP:
4>	switch the active DL BWP to the DL BWP with the same bwp-Id as the active UL BWP.
1>	perform the Random Access procedure on the active DL BWP of SpCell and active UL BWP of this Serving Cell.


[bookmark: _GoBack]Although the initial intention of this BWP linkage and associated UE-autonomous BWP switching was to address the issue that NW does not know which UE initiates a CBRA in a given UL BWP and, as a result, does not know the UE’s active DL BWP where to send the RAR, the above text does not distinguish whether the UE initiates a CFRA or a CBRA. In this contribution we show that CFRA should be treated differently from CBRA in the above procedure and propose a corresponding fix to the associated text for the contention-free initiated random access procedure in a companion CR [6].
Discussion
Before going into each CFRA case, we think it is important to recall/clarify three key observations:
First, it is obvious that for all contention-free RACH cases, the network is well aware of the current active DL BWP of the UE hence no ambiguity exists regarding in which DL BWP it should send the RAR.
Observation 1: For all CFRA cases, the network is well aware of the current active DL BWP of the UE hence no ambiguity exists regarding in which DL BWP it should send the RAR.
Second, it is worth noting that RAN2 has always aimed at minimizing the cases where UE autonomously triggers a BWP switch. Examples of this strategy are given by two RAN2 decisions made on top of RAN1 initial design:
· Avoid timer-based BWP switch during the random access procedure
· Extend to FDD the BWP timer restart based on UL grant reception, initially restricted to TDD by RAN1
Indeed, BWP switching does not come for free and consumes power by itself. As such, UE-triggered BWP switch should only apply when strictly necessary or if it provides a clear power saving benefit.
Observation 2: UE-triggered BWP switching should only apply when strictly necessary or if it provides a clear power saving benefit.
Last, it is important to clarify that, based on the current NR specifications, a UE can expect receiving a RAR from any active DL BWP in response to a preamble transmission in any active UL BWP, irrespective of whether the UL BWP linked with the current active DL BWP is configured with RACH resources. Indeed, this is made possible because:
1. The frequency scope of the RA-RNTI is the whole system bandwidth (and so is BWP-agnostic)
2. The RAR is sent on Type1-PDCCH common search space, which must be configured in each DL BWP, per the below extract from TS38.213 [4] Section 12:
	For each DL BWP in a set of DL BWPs on the primary cell, a UE can be configured control resource sets for every type of common search space and for UE-specific search space as described in Subclause 10.1. The UE does not expect to be configured without a common search space on the PCell, or on the PSCell, in the active DL BWP.



Observation 3: Based on the current NR specifications, a UE can expect receiving a RAR from any active DL BWP in response to a preamble transmission in any active UL BWP, irrespective of whether the UL BWP linked with the current active DL BWP is configured with RACH resources.
We now discuss below the three CFRA cases:
· PDCCH order;
· Reconfiguration with sync;
· BFR. 
1.1. [bookmark: _Ref510173852]PDCCH order
In RAN1#93, RAN1 finally concluded that “no BWP index is necessary in Rel-15” in the PDCCH order for RACH procedure. Hence the PDCCH order does not indicate (neither implicitly nor explicitly) a specific DL BWP. This clearly means that the network expects the UE to perform the contention-free PRACH in its current active UL and DL BWPs. This is even made further obvious by considering that a PDCCH order is generally triggered by some new DL activity, hence there is no point for the UE to switch its active DL BWP to perform RACH.

Observation 4: A UE should not be required to switch its active DL BWP due to UL/DL BWP linkage when initiating contention-free RACH triggered by a PDCCH order.
1.2. Reconfiguration with sync
The reconfiguration with sync is triggered by the reception of an RRC message containing the I.E. CellGroupConfig containing the I.E. spCellConfig with reconfigurationWithSync. The BWPs where to perform Random Access upon reconfiguration with sync are specified in the RRC specification [5] as follows:

	[bookmark: _Toc510018481]5.3.5.5.2	Reconfiguration with sync
The UE shall perform the following actions to execute a reconfiguration with sync.
[bookmark: _Hlk504049584]1>	stop timer T310 for the corresponding SpCell, if running;
1>	start timer T304 for the corresponding SpCell with the timer value set to t304, as included in the reconfigurationWithSync;
[…]
1>	configure lower layers in accordance with the received spCellConfigCommon;
1>	consider the bandwidth part indicated in firstActiveUplinkBWP-Id to be the active uplink bandwidth part;
1>	consider the bandwidth part indicated in firstActiveDownlinkBWP-Id to be the active downlink bandwidth part;
1>	configure lower layers in accordance with any additional fields, not covered in the previous, if included in the received reconfigurationWithSync.



The yellow-highlighted text was specifically added following the RAN2 decision in RAN#102 to support the flexibility to explicitly signal the first active BWP of a target cell in a handover command, or any other reconfiguration with sync case. Several good reasons motivated this decision, including e.g. the possibility to enable some load balancing of UEs across BWPs, rather than having all HO UEs always ending-up in the initial BWP (as was previously the case), but also when the procedure reduces to a parameter re-configuration of a current Serving Cell, to prevent the UE from switching its current active BWPs.
From the above, it is clear that switching the active DL BWP based on the UL/DL BWP linkage upon CFRA initiation triggered by a reconfiguration with sync defeats the purpose of the RAN2 CP recent decision to leave full control and flexibility to the network to signal in the reconfiguration with sync command the specific UL and DL BWPs the UE should consider as active BWPs. 

Observation 5: Requiring A UE to switch its active DL BWP due to UL/DL BWP linkage when initiating contention-free RACH triggered by a reconfiguration with sync contradicts RAN2 CP decision to leave full control and flexibility to the network to explicitly signal the specific UL and DL BWPs as the active BWPs.
1.3. Beam failure recovery
One difference between BFR and other above CFRA procedures is that it operates on a UE with on-going active UL/DL transmissions on the serving cell where is initiated the CFRA. This means the UE already operates on active UL and DL BWPs which, in paired spectrum, may not be paired (may have different BWP indexes). Figure 2 illustrates this FDD scenario where a Connected State UE receives and performs beam failure detection (BFD) on active DL BWP#3 and transmits and potentially initiates a BFR procedure on active UL BWP#2.



[bookmark: _Ref513126553]Figure 2: FDD scenario of Connected State UE operating on active UL/DL BWPs with different indexes.
The beam failure recovery (BFR) and beam failure detection (BFD) are combined procedures aiming at providing a fast recovery over candidate beams (BFR) when the serving beams become weak (BFD). The BFR is configured in the BeamFailureRecoveryConfig I.E. itself configured in the active UL BWP (in BWP-UplinkDedicated). The BFD is configured in the RadioLinkMonitoringConfig I.E. itself configured in the active DL BWP (in BWP-DownlinkDedicated). However, BeamFailureRecoveryConfig, on top of defining the CFRA resources in the active UL BWP also provides, in DL, the associated BFR candidate beams (candidateBeamRSList) and the recoverySearchSpaceId where to monitor the gNB response. Since a search space identifies a CORESET which, in turn, identifies a DL BWP, it is then possible, with current ASN.1, to configure a DL BWP for running the BFR procedure, independently from the current active DL BWP where is configured and running the BFD.
BeamFailureRecoveryConfig information element
-- ASN1START
-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-START

BeamFailureRecoveryConfig ::= 	SEQUENCE {
	rootSequenceIndex-BFR			INTEGER (0..137)						OPTIONAL,	-- Need M
	rach-ConfigBFR				RACH-ConfigGeneric						OPTIONAL,	-- Need M
	rsrp-ThresholdSSB				RSRP-Range							OPTIONAL,	-- Need M
	candidateBeamRSList			SEQUENCE (SIZE(1…)) OF PRACH-ResourceDedicatedBFR	OPTIONAL,	-- Need M
	ssb-perRACH-Occasion			ENUMERATED {oneEighth, oneFourth, …, sixteen} 	OPTIONAL,	-- Need M
	ra-ssb-OccasionMaskIndex		INTEGER (0..15)						OPTIONAL,	-- Need M
	recoverySearchSpaceId			SearchSpaceId							OPTIONAL,	-- Need S
	ra-Prioritization				RA-Prioritization						OPTIONAL,	-- Need R
	beamFailureRecoveryTimer		ENUMERATED {ms10, ms20, …, ms200}		OPTIONAL,	-- Need M
	...
}
Now let’s assume we want to enforce the current UL/DL BWP linkage to the random access triggered by the BFR procedure. Such enforcement would impose that BeamFailureRecoveryConfig always configures the DL BWP for running the BFR with the same BWP index as the UL BWP where it is configured.
Observation 6: The current UL/DL BWP linkage for random access requires that BeamFailureRecoveryConfig always configures the DL BWP for running the BFR (via candidateBeamRSList and recoverySearchSpaceId) with the same BWP index as the UL BWP where it is configured.
We then have two configuration options:
· Option 1: the DL BWP configured by BFR is different from the active DL BWP where is configured and running the BFD

· Option 2: the DL BWP configured by BFR always matches the active DL BWP where the BFD is running
Option 1 leaves the flexibility to configure the beam failure detection (BFD) to run on serving beams in any active DL BWP, possibly different from DL BWP linked with the active UL BWP. But, per observation 6, applying the current UL/DL BWP linkage for random access requires always configuring the BFR candidate beams and recovery search space in the DL BWP linked to the active UL BWP. And upon BFR trigger the UE would switch from its current active DL BWP to the DL BWP linked to the active UL BWP. We think such solution should be precluded because there is no point in requesting a UE with on-going DL activity in an active DL BWP to switch to a different DL BWP for the only purpose of measuring candidate beams and monitoring the gNB response to BFR. Indeed, TS38.213 does not specify anywhere that monitoring the BFR-specific CORESET and the current serving CORESET are exclusive of each other. And the operating PDCCH BLER requirements are very stringent so that a BFR can be typically triggered as soon as the BLER exceeds 10%. Which means the UE can still successfully receive 9 PDCCHs out of 10, and DL activity is still alive. As a result, the impact of initiating a BFR forcing a DL BWP switch could be much worse on the user experience than the beam failure itself.
From the above, it appears that option 2 is the only viable option.
Observation 7: It is expected that BeamFailureRecoveryConfig I.E. configures (via recoverySearchSpaceId) a DL BWP for running the BFR procedure matching the active DL BWP where the BFD is running.
However, with the current restriction on UL/DL BWP linkage for random access, this option basically forces configuring a UE, even in FDD, to only operate on UL/DL BWPs with same BWP ID as soon as it is also configured with BFD/BFR. Thus this would not allow a configuration as e.g. shown in Figure 2, which sounds unnecessarily restrictive for FDD.
Observation 8: The current restriction on UL/DL BWP linkage for random access imposes configuring/controlling a UE, even in FDD, to only operate on UL/DL BWPs with same BWP ID as soon as it is also configured with BFD/BFR, which is unnecessarily restrictive for FDD. 

From the above analysis and observations, it is clear that the latest agreed CR imposing that UE always operates the Random Access procedure on UL/DL BWPs with same index should not apply to a Random Access procedure triggered by the beam failure recovery procedure.
Observation 9:  A Random Access procedure triggered by the beam failure recovery procedure should not be mandated to run on UL/DL BWPs with same index.

It results from all above observations that a contention-free random access procedure shall not be mandated to run on UL/DL BWPs with same index.

Proposal 1:  A contention-free random access procedure shall not be mandated to run on UL/DL BWPs with same index.
1.4. Fallback to contention-based
One key issue raised by opponents of proposal 1 is that, for the case where the CFRA falls back to CBRA, the MAC entity may need to switch the DL BWP during the random access procedure. Such CBRA fallback may occur for CFRA triggered by reconfiguration with sync or BFR. However, it is obvious that the purpose of CFRA is to significantly increase the chances of the random access success. As a result, it is expected that the CFRA is successful most of the time and the CBRA fallback is only marginal. Therefore, we think that, for a contention-free random access procedure, switching the DL BWP when falling back to contention-based is quite acceptable. 
Proposal 2:  A contention-free random access procedure only switches, if needed, its active DL BWP to the DL BWP linked with the active UL BWP upon CBRA fallback.
In the current random access procedure a CBRA fallback can be followed by a CFRA (re)attempt if one of the candidate SSBs or CSI-RSs now meets the RSRP threshold criterion. Here we can either force the UE to remain with CBRA, once a fallback has occurred, in which case, no further BWP switch is foreseen either. Or we can leave the flexibility, as currently specified, to go back and forth from CFRA to CBRA. This would however need the UE to also switch DL BWP back from the “paired” DL BWP for CBRA to the (potentially different) DL BWP configured for CFRA (via recoverySearchSpaceId in BeamFailureRecoveryConfig or firstActiveDownlinkBWP-Id in reconfigurationWithSync).
We think such back-and-forth behaviour, although theoretically allowed in the specification, is expected to be even more marginal than the simple CBRA fallback. Hence we see no reason for optimizing and increasing the complexity of the BWP switching specification to prevent from it to happen, and suggest just letting the UE switch its DL BWP to the DL BWP implicitly (BFR) or explicitly (reconfiguration with sync) indicated by RRC.
Proposal 3:  For contention-free attempts, the random access procedure runs on:
· PDCCH order: the current active DL BWP
· BFR: the DL BWP associated with the recoverySearchSpaceId in BeamFailureRecoveryConfig
· Reconfiguration with sync: the DL BWP with index firstActiveDownlinkBWP-Id in reconfigurationWithSync.
Conclusion
This contribution assesses the validity of the latest agreed CR defining UE’s behavior regarding BWP switching upon Random Access procedure initiation with respect to CFRA procedures. It is concluded that the CR brings significant limitations to the CFRA procedures and contradicts the latest RAN2/RAN1 decisions on PDCCH order, reconfiguration with sync and beam failure recovery. The resulting observations and proposals are as follows. We also provide a corresponding MAC CR in [2].
Observation 1: For all CFRA cases, the network is well aware of the current active DL BWP of the UE hence no ambiguity exists regarding in which DL BWP it should send the RAR.
Observation 2: UE-triggered BWP switching should only apply when strictly necessary or if it provides a clear power saving benefit.
Observation 3: Based on the current NR specifications, a UE can expect receiving a RAR from any active DL BWP in response to a preamble transmission in any active UL BWP, irrespective of whether the UL BWP linked with the current active DL BWP is configured with RACH resources.
Observation 4: A UE should not be required to switch its active DL BWP due to UL/DL BWP linkage when initiating contention-free RACH triggered by a PDCCH order.
Observation 5: Requiring A UE to switch its active DL BWP due to UL/DL BWP linkage when initiating contention-free RACH triggered by a reconfiguration with sync contradicts RAN2 CP decision to leave full control and flexibility to the network to explicitly signal the specific UL and DL BWPs as the active BWPs.
Observation 6: The current UL/DL BWP linkage for random access requires that BeamFailureRecoveryConfig always configures the DL BWP for running the BFR (via candidateBeamRSList and recoverySearchSpaceId) with the same BWP index as the UL BWP where it is configured.
Observation 7: It is expected that BeamFailureRecoveryConfig I.E. configures (via recoverySearchSpaceId) a DL BWP for running the BFR procedure matching the active DL BWP where the BFD is running.
Observation 8: The current restriction on UL/DL BWP linkage for random access imposes configuring/controlling a UE, even in FDD, to only operate on UL/DL BWPs with same BWP ID as soon as it is also configured with BFD/BFR, which is unnecessarily restrictive for FDD. 
Observation 9:  A Random Access procedure triggered by the beam failure recovery procedure should not be mandated to run on UL/DL BWPs with same index.

Proposal 1:  A contention-free random access procedure shall not be mandated to run on UL/DL BWPs with same index.
Proposal 2:  A contention-free random access procedure only switches, if needed, its active DL BWP to the DL BWP linked with the active UL BWP upon CBRA fallback.
Proposal 3:  For contention-free attempts, the random access procedure runs on:
· PDCCH order: the current active DL BWP
· BFR: the DL BWP associated with the recoverySearchSpaceId in beamFailureRecoveryConfig
· Reconfiguration with sync: the DL BWP with index firstActiveDownlinkBWP-Id in reconfigurationWithSync.
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