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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Introduction
BFR has been decided as a new feature in NR. To perform BFR, gNB should configure multiple RACH resource sets (per SSB/CSI-RS, BWP, UL/SUL) to a UE. The CFRA resources are allocated to the UE for a long time with very low utilization.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]This contribution discusses the problem of CFRA resources for BFR and how to use the RACH resources efficiently.
Discussion
2.1 The problem of CFRA resources for BFR
The CFRA resources for BFR are configured by RRC signaling. gNB configures candidate beam sets and dedicated RACH resources for BFR per beam in the candidate beam sets. Considering the dimensions of BWP and UL/SUL, the amount of BFR-CFRA RACH resources reserved for a UE can be considerable. As for any RRC configuration, re-configuration or release of BFR-CFRA RACH resources is expected to be at slow rate only. Therefore, once configured, the BFR-CFRA RACH resources are valid and kept for a long time. The UE would use one of the reserved RACH resources for BFR only when beam failure happens and one SSB/CSI-RS in the candidate beam set satisfies the RSRP threshold. After BFR, UE still keeps the BFR-CFRA resources until the BFR-CFRA resources are released by the gNB.
Then the long time reservation of BFR-CFRA resources to a UE has at least below disadvantages:
· Inefficient RACH resource utilization;
· High RACH collision probability for other UEs when the RACH load in the network is medium to high;
· In practice, CFRA-BFR can only be used for a small number of UEs due to the large amount of reserved resources.
Proposal 1: We should consider how to use the BFR-CFRA resources more efficiently.
2.2 How to improve the utilization of CFRA resources for BFR
To improve the utilization of CFRA resources for BFR, some solutions can be considered. One direction is the configured BFR-CFRA resources could be released in an implicit way. The other direction is the configured BFR-CFRA resources could be suspended when satisfying some criterion. We analyze them in detail below.
Option 1: Timer based BFR-CFRA resource [1]
One solution is to restrict the validity duration of the BFR-CFRA resources. We can assume that gNB allocates the BFR-CFRA resources to the UE only when gNB predicts the UE should perform BFR in the near term (such as experience of bad channel condition).
With this assumption, gNB can allocate BFR-CFRA resource to the UE with a validity timer as shown in Figure 1. The validity timer is a time duration predicted by gNB during which a beam failure may happen. The validity timer would be restarted when the BFR procedure is performed (we don’t discuss the details of restarting time point here). When the validity timer expires, the configured BFR-CFRA resources are released. It means the gNB prediction of BFR was not correct or too pessimistic. And the UE may actually possibly trigger a BFR after timer expiry.
Option 1 depends on some assumption and it requires precise gNB prediction and accurate value set of the validity timer. It has high risk that UE has no BFR-CFRA resources to use when really needed because of the timer based BFR-CFRA resources release mechanism.



[bookmark: _Ref509923735]Figure 1:BFR-CFRA resource with a validity timer
Option 2: BFR-CFRA resources suspension
Different from a release mechanism, a suspension mechanism could be more flexible. A suspension mechanism can be useful when gNB needs to reuse momentarily the BFR-CFRA resources for other UEs e.g. when the gNB estimates that the UE won’t need the BFR-CFRA resources during a certain time duration. The “borrowing” of BFR-CFRA resources should be for a short duration only and reclaimed after one RA procedure, such as e.g. PDCCH order triggered CFRA or reconfiguration with sync (e.g. HO). It is not intended to be allocated to another UE for BFR-CFRA.
There are some sub-options for BFR-CFRA resources suspension
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option 2-1:UE trigger
If UE knows part or all BFR-CFRA resources should not be used for a long time via some method such as channel condition detection, UE could send a “BFR resources suspension indication” to gNB which may include BWP ID, SUL index, beam indication. gNB could send a confirmation response to the suspension indication,, (telling the UE it will indeed reuse the resources) or send a rejection response when it has enough RACH resources and does not need to reuse the BFR-CFRA resources.
Along with the BFR-CFRA suspension procedure, a timer based BFR-CFRA resources resumption method (option 2-1a) or a “BFR resources resumption” message from gNB (option 2-1b) could be considered.
To simplify the discussion, we take the option 2-1b as the whole procedure of option 2-1 below.


Figure 2: UE triggered BFR-CFRA resources suspension

· Option 2-2: UE-transparent resource pooling by gNB
gNB has some knowledge of BFR-CFRA resources usage. For example, gNB is aware of the inactive BWP(s) in a multiple-BWP configuration, the unused UL carrier with UL/SUL configuration, and the deactivated SCell(s) with CA configuration.When the RACH load is high and CFRA resources are not enough, it is possible for the gNB to allocate again an unused CFRA-BFR resources to another UE for ponctual CFRA usage (reconfiguration with sync or PDCCH order).
In Option 2-2 there actually is no suspension of the BFR-CFRA resources and the UE is unaware of the reuse of its configured resources. Hence this option has no specification impact and can be fully left to gNB implementation. However, because there is no any indication to the UE, it is possible for the UE to use the CFRA resource for BFR when gNB allocates the same resource to another UE. For example, a UE may switch to the initial BWP to trigger a random access procedure without gNB being aware and, doing so may need to use the BFR-CFRA in this BWP. We can’t guarantee eliminating the unpredicted CFRA collision.
· Option 2-3: gNB trigger
Option 2-3 is an enhancement of option 2-2. When gNB wants to reuse some BFR-CFRA resources, it can inform the UE with a DL indication (such as DL MAC CE). This brings the benefit that the UE will not use the resources even in case gNB failed in estimating the UE would not need them during the borrowing time. In this case, UE can e.g. select another beam meeting the RSRP criterion if it triggers a BFR, or fallback to CBRA. 
The examples of option 2-3 are shown in Figure 3. gNB sends a “BFR resources suspension” message to the UE which could include BWP ID, SUL index, beam indication, or any other information. Matching with the “BFR resources suspension” message, a timer based BFR-CFRA resources resumption (option 2-3a) or a “BFR resources resumption” message from gNB (option 2-3b) could be considered.
To simplify the discussion, we take the option 2-3b as the whole procedure of option 2-3 below.
The benefits of option 2-3 are not only avoiding CFRA collision but also enlarging the amount of reused CFRA resources. In option 2-2, gNB has to reuse the CFRA resource in a very conservative way to avoid unpredicted CFRA collision. In option 2-3, gNB can even reuse the BFR-CFRA resources of some weak beams based on CSI report.



[bookmark: _Ref509935698]Figure 3UE triggered BFR-CFRA resources suspension

[bookmark: _Ref510012294]Table 1 Comparison of the solutions
	
	Option 1
	Option 2-1(2-1b)
	Option 2-2
	Option 2-3(2-3b)

	Specification impact
	Medium:
Introduce a timer to release the BFR-CFRA resources
	High:
Suspension: one UL message and one DL message
Resumption: one DL message
	None

	Low:
Suspension: one DL message
Resumption: one DL message

	Signaling overhead
	High:
GNB has to send more RRC signaling to configure BFR-CFRA resources because all the configured BFR-CFRA resources should be released implicitly
	Medium:
It is possible for UE to send “BFR resources suspension indication” to gNB even the RACH overload is low (no need to reuse the BFR-CFRA resources).
	No extra signaling
	Low:
GNB sends “BFR resources suspension” only when it decides to reuse the BFR-CFRA resources.

	Risk of CFRA collision
	No, as long as there is no timer mismatch between gNB and UE.
	No
	Yes
	No

	Reliability of BFR-CFRA
	Low, due to the risk of no available BFR-CFRA resources when needed.
	High
	Medium, considering the CFRA collision.
	High

	Efficiency of RACH resources
	Not clear. Because it is possible to impact the reliability of BFR mechanism.
	High
	Medium. GNB has to reuse the CFRA resource in a very conservative way to avoid unpredicted CFRA collision
	High

	The number of UEs can benefit from BFR-CFRA
	Not clear considering the RRC signaling overhead.
	High
	Medium. (Higher than no reuse of BFR-CFRA resources)
	High



We compare above options in Table 1. Based on the analysis, option 2-3 (gNB triggered BFR-CFRA suspension) is a reasonable choice.
Proposal 2: gNB could reuse the BFR-CFRA resources for other UEs when the gNB can confirm that the UE should not use the CFRA resources for BFR in certain time duration (BFR-CFRA suspension).
Proposal 3: gNB triggered BFR-CFRA resources suspension method should be considered.

Conclusion 
In this contribution, we discuss the validity of BFR-CFRA resources and propose:
Proposal 1: We should consider how to use the BFR-CFRA resources more efficiently.
Proposal 2: gNB could reuse the BFR-CFRA resources to other UEs when the gNB can confirm that the UE should not use the CFRA resources for BFR in certain time duration (BFR-CFRA suspension).
Proposal 3: gNB triggered BFR-CFRA resources suspension method should be considered.
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