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1 Introduction

In the previous 3GPP RAN1 meetings [1][2][3][4], much progress has been made on beam failure recovery (BFR) mechanisms. Besides the extensively discussed UE-initiated BFR mechanism, a network-based BFR mechanism has also been proposed [5]. In our companion papers [6][7], we discuss a holistic procedure for BFR that combines both the UE-initiated and network-based BFRs. In this contribution, we discuss the DL control signaling involved in network-based BFR. 
2 Background
The holistic BFR mechanism discussed in [6] aims at recovering both the uplink (UL) and downlink (DL) beam failures in an efficient way so as to avoid the unacceptable delay before the communication link is re-established from beam failure. This holistic mechanism allows both the UE and the network side to detect the UL and DL beam failure, respectively, and try to identify the new candidate beam, while it is up to the network side (e.g., a network controller) to trigger the BFR and indicate the UE about the transmission/reception parameters of the new beam pair link(s). This is achieved by combining the UE-initiated BFR mechanism that has been widely discussed and the network-based BFR mechanism proposed in [5]. A general description of the holistic BFR procedure can be found in [6].
For the UE-initiated BFR mechanism, it has been agreed in [1] that the following four aspects are included: 1. beam failure detection, 2. new candidate beam identification, 3. BFR request transmission, and 4. UE monitors gNB response for BFR request. These four aspects were discussed in detail in the subsequent 3GPP meetings.
The details of how the network can detect a beam failure and identify new candidate beam(s) are discussed in our companion contribution [7]. The main focus of this contribution is on the DL control signaling needed to support network-side BFR.
3 DL control signaling for network-side BFR
After the network side has detected the beam failure, it tries to identify a new candidate beam using the procedure described in [6][7]. After a new candidate beam has been identified, the network triggers the BFR procedure and indicates the UE about this new candidate beam to replace the failed serving beam.

In UE-initiated BFR, the UE transmits to gNB a BFR request which may contain the indication of an identified new candidate beam. Then the UE starts monitoring gNB response for BFR request. However, when BFR is triggered by the network, the UE may not be aware that gNB is performing a BFR procedure. Therefore, the UE must be able to handle unexpected gNB beam indications regardless of whether it has transmitted a BFR request or not.
Proposal 1. A UE monitors gNB beam indications regardless of whether UE has transmitted a BFR request or not.

In the high frequency (HF) band of NR systems, when the network side detects the beam failure and starts triggering the BFR, it is not aware of whether the DL control channels (i.e., PDCCHs) between it and the UE in the same carrier have failed or not. In the case when all the PDCCHs of the same carrier fail, the beam indication transmitted by gNB over them cannot be successfully received by the UE. Thus the beam failure cannot be recovered in time. In HF NR systems, the line-of-sight (LoS) transmission is a dominant case, which implicitly indicates the beam correspondence between the UL and DL transmission. Then a DL beam failure is likely accompanied with the UL beam failure detected by the network side (though the network side is not sure whether the DL beam(s) fail or not). Therefore, transmitting the gNB beam indication via the PDCCH of the same carrier is risky and unreliable. It is essential that the link redirection/beam switch control information is sent on another more reliable carrier, e.g., a low frequency (LF) link.

Proposal 2. For NW-based BFR, gNB beam indications can be sent on a different carrier frequency than that of the indicated beam(s).

In the UE-initiated BFR, the UE only tries to detect and recover the DL beam failure. Hence it cannot deal with the UL beam failure and so is insufficient for the BFR of NR in high frequencies. As a comparison, the network-based BFR in [5] as well as the holistic BFR in [6][7] tries to detect and recover both the DL and UL BFRs. This is achieved by allowing the network side to receive an explicit BFR request from UE and redirect both the DL and UL transmissions to the redirected link once the BFR is triggered. Note that this is performed even when only one direction of transmission (i.e., UL or DL) fails. For this purpose, the beam indication transmitted by the gNB to the UE should include both the UL and DL beams in a single DCI command. Provided that a LoS path exists between the UE and the TRP that is selected to replace the serving TRP (which is likely the case in HF NR systems), the UL and DL beam correspondence holds implicitly and a common beam index refers to both DL and UL beams. The beam index indicates spatial QCL assumption between a CSI-RS/SRS port and the corresponding DL/UL beam. When a beam switch is needed, both UE TX beam and UE RX beam are switched at the same time. 
Proposal 3. Beam indication for network-based BFR can contain a common beam index that indicates both UL/DL beams.

4 Conclusions
In this contribution, we have discussed DL control signaling involved in network-based BFR. The following proposals have been made.
Proposal 1. A UE monitors gNB beam indications regardless of whether UE has transmitted a BFR request or not.

Proposal 2. For NW-based BFR, gNB beam indications can be sent on a different carrier frequency than that of the indicated beam(s).

Proposal 3. Beam indication for network-based BFR can contain a common beam index that indicates both UL/DL beams.
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