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1 Introduction

In the previous 3GPP RAN1 meetings [1][2][3][4][5], 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 [6]. In our companion paper [7], we have discussed a holistic procedure that combines both the UE-initiated and network-based BFRs. The details of the DL control signaling needed to support network-side BFR are discussed in our companion contribution [8]. In this contribution, we will discuss some details of the holistic BFR procedure including the beam failure detection and new candidate beam identification at the network side. This contribution is a revision of [9]
2 Background
The holistic BFR mechanism discussed in [7] 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. This is achieved by combining the UE-initiated BFR mechanism that has been widely discussed and the network-based BFR mechanism proposed in [6]. A general description of the holistic BFR procedure can be found in [7].
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. In particular, the following agreements on the first two aspects were made in 3GPP RAN1#90 meeting. 

Agreements:

· Beam failure is declared only when all serving control channels fail.

· …

Agreements:

· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification

· The following options can be configured for new candidate beam identification  

· CSI-RS only

· Note: in this case, SSB will not be configured for new candidate beam identification

· SS block only

· Note: in this case, CSI-RS will not be configured for new candidate beam identification

· FFS: CSI-RS + SS block

These two agreements can be directly applied to the UE-side BFR detection and new candidate beam identification in the holistic BFR mechanism. However, the details on how the network side detects the beam failure and identifies the new candidate beam are yet to be discussed, which are the main focuses of this contribution.
3 Network-side Beam Failure Detection
In a LTE/NR system, a CONNECTED UE may either only transmit UL data to the network, only receive DL data from the network, or simultaneously perform UL and DL data transmissions. In any of these three scenarios, there is always at least one DL control channel (PDCCH). Hence the detection of DL beam failure at the UE can be based on the PDCCH(s), as shown in the first agreement of Section 2. However, there may not always be a PUCCH in the uplink. For example, when there are both UL and DL data transmissions, the UL and DL data are transmitted via PUSCH and PDSCH, respectively; the scheduling of UL/DL data transmissions is carried by the PDCCH; and the HARQ ACK/NACK of DL data transmission can be sent via PUSCH, i.e., there is no need to maintain a PUCCH. Hence detecting UL beam failure purely based on PUCCH is not a valid solution in this case. 

However, by looking into the details, we can observe that:

· When there is only DL data transmission, the UE needs to maintain a PUCCH to transmit HARQ ACK/NACK of the DL data transmission;

· When there is only UL data transmission, the UE needs to maintain a PUSCH to transmit the UL data;

· When there is both UL and DL data transmission, the UE needs to maintain a PUSCH to transmit the UL data, and the ACK/NACK of DL data transmission can also be transmitted via PUSCH, i.e., there may not be a PUCCH.

In summary, there is either PUCCH or PUSCH in the uplink, both of which contain DMRS to guarantee the correct decoding of data or ACK/NACK at the network side. Therefore, the UL beam failure detection can be based on either PUCCH or PUSCH, depending on which one is available, and the detection criterion can be based on the RSRP of the DMRS contained in PUCCH/PUSCH. 
Proposal 1. At the network side, beam failure is declared when all the UL serving control/data channels fail.
Proposal 2: At the network side, a control/channel fails when the RSRP of the DMRS contained in it is below a certain threshold.
· FFS whether to also use SRS for detecting the failure of a UL control/data channel if a SRS is also transmitted via that UL control/data channel.
4 Network-side New Candidate Beam Identification
To identify a new candidate beam, a certain signal is required which is transmitted and received in a beam sweeping manner for the receiver to measure the channel qualities in different pairs of spatial directions of departure (DoDs) and directions of arrival (DoAs). This signal should be transmitted with always on (e.g., transmitted periodically) such that the receiver is able to detect it at any time, otherwise the time delay in identifying a new candidate beam could be too large. For the UE side, according to the second agreement in Section 2 above, a new candidate beam can be identified based on periodic CSI-RS or SS-block, or both, as they are both periodic and directionally transmitted. Hence similarly, there should be an UL reference signal which is transmitted periodically and directionally (i.e., beamformed) for the network side to identify the new candidate beam. 

In NR, only the following uplink physical signals are defined

· Demodulation reference signals, DMRS;

· Phase-track reference signals, PTRS; 

· Sounding reference signal, SRS.

Since both DMRS and PTRS are only transmitted along with the control/data signals over PUCCH and/or PUSCH, they are not suitable to serve as the reference signal for identifying new candidate beam. Regarding the SRS, it has been agreed in 3GPP RAN1#89 meeting that

Agreements:
· For the purposes of DL/UL CSI acquisition and beam management

· A UE can be configured with K >= 1 SRS resources where

· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource

· FFS whether or not support N adjacent sub-time-units

· FFS whether or not to additionally support non-adjacent symbols/sub-time-units

· FFS whether to not to additionally N>4

· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units

· FFS whether or not/how to support antenna switching using SRS

· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where

· Periodic: The resource is configured with a slot-level periodicity and slot-offset

· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset

· Multiple SRS resources can be activated/deactivated with a single message

· FFS: Activation/deactivation details

· Aperiodic: The resource is configured without a slot-level periodicity and slot offset

· Multiple SRS resources can be triggered with a single message

· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets

· FFS the location(s) of SRS symbol(s) within a slot

· FFS: Configuration details including grouping of SRS resources to allow low signaling overhead for indicating allocated SRS resources

We can see that the SRS can be transmitted periodically and the SRS transmission can be over multiple SRS resources and ports. In addition, it was agreed in 3GPP RAN1#88bis meeting that

Agreements:

· Support configurable SRS sequence ID by UE specific configuration if SRS sequence ID is supported
· … 
Hence the SRSs transmitted by different UEs can be UE specific to allow a TRP to recognize the received SRSs from different UEs. Therefore, we can use SRS for identifying new candidate beams at the network side.

Proposal 3. NR supports the use of SRS for the network-side new candidate beam identification.

One remaining issue for network-side new candidate beam identification is the transmission power of SRS. For the UE-side new candidate beam identification, the SS block and CSI RS are transmitted with a fixed power level that is known at the UE. Hence the UE can derive the path loss between the TRP and UE from the reception quality of the SS block/CSI RS (e.g., RSRP) and then determine which candidate beam should be selected. However, the transmission of SRS is power controlled so as to meet the desired QoS of PUSCH at the reception point(s) but minimize the interference to the neighboring reception points. This is achieved by, e.g., fractional power control, where the network informs the UE to increase or decrease the transmission power of SRS by a certain step depending on the reception quality of the SRS. When the network is aware of the actual SRS transmission power of the UE, it is still possible for the network to derive the quality of each candidate beam and decide which one should be selected. However, since the new candidate beam identification is done for beam failure recovery, it is possible that the DL beam fails and the command for the UE to adjust its SRS transmission is not successfully received at the UE. Consequently, the SRS transmission power expected at the network side may be different from the actual SRS transmission power at the UE, which may affect the identification of new candidate beam. To avoid this issue, when the SRSs are used for new candidate beam identification at the network side, they should be transmitted with a common power level for fairness. Note that this power level is common among different SRSs transmitted by the same UE, not among those of different UEs. To avoid unnecessary energy waste and interference, a cell-edge UE may transmit SRSs with a common and higher power level than a cell-center UE. 
Proposal 4: When used for network-side new candidate beam identification, the SRSs of each UE are transmitted with a common power level.
5 Conclusions
In this contribution, we have discussed the beam failure detection and new candidate beam identification at the network side for the holistic beam failure recovery mechanism. The following proposals have been made.
Proposal 1. At the network side, beam failure is declared when all the UL serving control/data channels fail.

Proposal 2: At the network side, a control/channel fails when the RSRP of the DMRS contained in it is below a certain threshold.
· FFS whether to also use SRS for detecting the failure of a UL control/data channel if a SRS is also transmitted via that UL control/data channel.
Proposal 3: NR supports the use of SRS for the network-side new candidate beam identification.

Proposal 4: When used for network-side new candidate beam identification, the SRSs of each UE are transmitted with a common power level.
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