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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Introduction
UL/DL BWP linkage has been introduced for performing RACH on certain UL/DL BWP known by both gNB and UE. The linkage was initially introduced in support of CBRA, where the NW is unaware of the sending UE and therefore does not know in which DL BWP to send the RAR. However, for simplicity, the linkage was also extended to apply to CFRA. In RAN2#102 meeting, this agreement resulted in a first 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 on the SCell is not required to switch. Then in RAN2 NR AH 1807 the applicability of the BWP linkage to CFRA was further discussed, with a specific focus to the BFR case, resulting in the following agreements:
	[bookmark: OLE_LINK36][bookmark: OLE_LINK37]For CFRA on SpCell UL BWP and DL BWP need to have the same BWP ID 
In Rel-15, BFR can only be configured such that the recovery search space and the candidate beam RSs in BeamFailureRecoveryConfig are located in the DL BWP with same index as the UL BWP where is configured BeamFailureRecoveryConfig (capture in TS 38.331).



Both BFR and HO require supporting CBRA as fallback, thus making it simpler to apply the BWP linkage for CFRA as well. However, PDCCH order initiated CFRA does not support CBRA fallback; hence the BWP linkage has no justification here. In this contribution we further analyze the drawbacks resulting from mandating the BWP linkage for PDCCH order initiated CFRA and propose to exclude this procedure from the current BWP switching operation at RA initiation, thus generalizing the already agreed exception mentioned above for the DL BWP switch on SCell upon PDCCH order.
Discussion
We analyze the impact of mandating the BWP linkage for PDCCH order initiated CFRA on two folds: procedure-wise and performance-wise.
1.1. Procedural aspects
The initial mindset that resulted in one single and common BWP switching procedure at Random Access initiation was to have a simple procedure irrespective of the RA trigger or CFRA/CBRA. However, although quite relevant at first glance, it is important to check that it actually does not result in more complexity when checking each triggering procedure individually. For example, an exception was already agreed for the case of PDCCH order based random access on SCell [2], so that the initial “common/generic” target of this procedure is already gone.
One key reason to keep the BWP linkage for BFR and HO is the need to support CBRA as fallback for these procedures, and a common understanding is that BWP switching due to CBRA fallback should be avoided during the Random Access procedure. As a result, it is simpler to initiate the Random Access procedure on the linked UL and DL BWPs, in view of any potential CBRA fallback at any future point in time of the RA procedure. In RAN2 NR AH 1807, the drawback of such “early” restriction for the BFR was discussed in an offline [3] where it was assessed that it resulted in restricted configurations since it disallows configuring BFR on UL/DL BWPs with different bwp-Id. Although split views were expressed on the validity/usefulness of such configurations, it was finally agreed that Rel-15 could cope with this restriction for BFR. Similarly, for HO, such restriction only mandates that the fields firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id are set to the same value in reconfigurationWithSync I.E. (CATT RIL C237).
Observation 1: Extending the BWP linkage operation to CFRA at RA initiation makes it simpler to support CBRA fallback for HO and BFR procedures.

However, a Random Access procedure triggered by a PDCCH order is 100% contention-free since, unlike HO and BFR, it does not support the CBRA fallback. Hence the above mentioned procedure simplification argument is no longer valid.
Observation 2: Unlike HO and BFR, the BWP linkage has no justification for CFRA initiated by PDCCH order since it does not support CBRA fallback.

On the contrary, taken individually, the CFRA following a PDCCH order is expected to be quite straightforward without any preliminary BWP switching. Indeed, 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 or UL 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. It should be further noted that this would simply follow the already agreed rule of a PDCCH order initiated CFRA on SCell, for which the UE is not required to switch its DL BWP. Thus, extending this rule to the PDCCH order initiated CFRA on SpCell would actually result in a common and generic UE behavior for all PDCCH order CFRAs, thus also simplifying UE implementation. 
Observation 3: Procedure-wise, performing a PDCCH order initiated CFRA without BWP switching is straightforward, requires neither extra analysis nor specification effort, is aligned with the current exception for PDCCH order initiated CFRA on SCell, and simplifies UE implementation.
1.2. Performance aspects
We now analyze the performance impact of mandating UL/DL BWP linkage for PDCCH order initiated CFRA.
A PDCCH order is used for DL data arrival and obtaining timing advance alignment for an sTAG. It should happen only when UL synchronization status is "non-synchronized". Therefore, in this situation, NW receives no feedback from the UE upon either the PDCCH order itself or a BWP switch command except the CFRA Msg1 in the expected UL BWP. 
In FDD, because UL BWP and DL BWP are operated separately, it is very possible that the bwp-Id of the active UL BWP is different from that of the active DL BWP. There are two options for the NW to implement the current BWP linkage applicable to PDCCH order RA:
· Option 1: The gNB switches the active DL BWP or active UL BWP before PDCCH order
The gNB can send PDCCH for UL/DL BWP switching before PDCCH order. It can either switch the DL BWP to be paired with the current active UL BWP, or the other way around, switch the UL BWP to be paired with the current active DL BWP. In both cases, this induces a risk of PDCCH loss as illustrated in Figure 1. If PDCCH for DL BWP switching is lost, UE misses the PDCCH order on the newly active (from NW perspective) DL BWP (case 1) and NW and UE are no longer aligned regarding which DL BWP is active. If PDCCH for UL BWP switching is lost, UE may correctly receive the PDCCH order but will switch its DL BWP to match its current active UL BWP and send Msg1 on the wrong UL BWP since there is no BWP indicator in PDCCH order (case 2). And NW and UE are no longer aligned regarding which UL/DL BWP is active.


[bookmark: _Ref520381628]Figure 1 PDCCH loss for BWP switching
· Option 2: UE switches DL BWP after receiving the PDCCH order
In this option, after receiving the PDCCH order, the UE should send Msg1 on its current active UL BWP (if RACH is configured therein) and switch its active DL BWP to the DL BWP with the same bwp-Id as the active UL BWP. As for any PDCCH order, there is a risk that UE misses the PDCCH order (case 1) or that the following contention-free Msg1 transmission is unsuccessful (case 2), as illustrated in Figure 2. But from gNB perspective, both misses are detected by not receiving Msg1, i.e. it cannot differentiate the two error cases. However, with current BWP linkage, the UE has not switched its DL BWP in the former case (case 1), but it will have switched it in the latter case (case 2). After some time the NW behavior is to resend the PDCCH order, however NW and UE are no longer aligned regarding which DL BWP is active.


[bookmark: _Ref520382211]Figure 2 Loss of PDCCH order or Msg1
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]From the above analysis, it appears that mandating the BWP linkage to apply to PDCCH order initiated CFRA increases the risk that UE and NW are misaligned regarding which DL (or UL) BWP is active, following either PDCCH or Msg1 transmission failure. In these cases, the NW must solve this ambiguity by e.g. gNB sending PDCCH order again on both DL BWP1 and DL BWP2 after the first PDCCH order transmission, or monitoring Msg1 on both the old and (expected) new UL BWP. This increases the gNB complexity which needs to solve an artificial issue incurred by unnecessary and non-justified DL BWP switching.
Observation 4: Performance-wise, mandating the BWP linkage to apply to PDCCH order initiated CFRA increases the risk of UE/NW misalignment regarding which DL (or UL) BWP is active after PDCCH order.
Observation 5: The above misalignment cases require some gNB hooks (hence extra-complexity) to solve an artificial issue incurred by unnecessary and non-justified DL BWP switching.
Hence based on the above analysis, we propose:
Proposal: DL BWP switching due to UL/DL BWP linkage does not apply to PDCCH order initiated CFRA on SpCell.
Conclusion 
In this contribution, we discuss PDCCH order initiated CFRA on SpCell and have the following observations and proposal. We provide a corresponding CR in [4].
Observation 1: Extending the BWP linkage operation to CFRA at RA initiation makes it simpler to support CBRA fallback for HO and BFR procedures. 
Observation 2: Unlike HO and BFR, the BWP linkage has no justification for CFRA initiated by PDCCH order since it does not support CBRA fallback.
Observation 3: Procedure-wise, performing a PDCCH order initiated CFRA without BWP switching is straightforward, requires neither extra analysis nor specification effort, is aligned with the current exception for PDCCH order initiated CFRA on SCell, and simplifies UE implementation.
Observation 4: Performance-wise, mandating the BWP linkage to apply to PDCCH order initiated CFRA increases the risk of UE/NW misalignment regarding which DL (or UL) BWP is active after PDCCH order.
Observation 5: The above misalignment cases require some gNB hooks (hence extra-complexity) to solve an artificial issue incurred by unnecessary and non-justified DL BWP switching.

Proposal: DL BWP switching due to UL/DL BWP linkage does not apply to PDCCH order initiated CFRA on SpCell.
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