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1 Introduction

Beam management and beam recovery have progressed a lot in RAN1 with series of agreements. However, the discussion on the impact of RAN1 progress to RAN2 as well as how to capture the corresponding behaviours in MAC specification is not initiated. Since beam management and beam recovery should be supported in the first drop of Rel-15, it’s time to discuss how to support them in MAC specification. In this contribution, we discuss the potential structure to land the corresponding functions and procedures of beam management and beam recovery in MAC specification based on RAN1 agreements.  
2 Discussion
2.1 Beam management
In our companion paper [1], we explain that MAC layer only need to consider beam management and beam recovery procedures for dedicated PDCCH. In RAN1 NR AH#3 meeting in Nagoya, the concept of transmission configuration indication (TCI) state was agreed, which is used at least for the purpose of QCL indication. A number of candidate TCI states are configured by RRC. 
It was agreed that “The QCL configuration for PDCCH contains the information which provides a reference to a TCI state. The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)”. Different TCI states used for QCL reference are configured by RRC, while MAC CE indicates the TCI state used as QCL reference for PDCCH monitoring based on the L1-RSRP measurement report. 
Just as illustrated in Figure 1, TCI is carried by MAC CE. After receiving the MAC CE for TCI, MAC indicates the information to PHY, which uses the corresponding QCL reference indicated by TCI for PDCCH monitoring. 
Observation 1: MAC CE indicates the TCI state used as QCL reference for PDCCH monitoring. 
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Figure 1 Beam Management
Proposal 1: RAN2 considers to specify MAC CE for TCI state indication in MAC spec. 
2.2  Beam Recovery
In RAN1#88bis meeting, the basic framework for UE beam failure recovery mechanism was agreed, which includes the following aspects:
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request
In this section, we explain the operation of those four steps according to RAN1 agreements and discuss which functions need to be specified in MAC. 


Figure 2 Functions for Beam Recovery in MAC and PHY
2.2.1 Beam Failure Detection
In RAN1 NR AH#3 meeting, working assumption on trigger condition 1 for beam recovery request transmission is confirmed. “Condition 1: when beam failure is detected and candidate beam is identified.”  In RAN1#90bis meeting, RAN1further agreed that “A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number. If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance. Note: Beam failure is determined when all serving beams fail.” 
Beam failure is detected by counting a number of consecutive detected beam failure instances.  Each beam failure instance is determined by the hypothetical PDCCH BLER. It is expected that PHY will indicate beam failure instance similar as IS/OOS to MAC, while MAC counts the number and determines whether beam failure is detected or not for all serving beams.  It’s more proper for MAC layer to perform beam failure detection by counting a number of beam failure instances. 
Observation 2: Beam failure is detected if the maximum number of consecutive beam failure instances is reached. 
Proposal 2: RAN2 considers to specify beam failure detection by counting the number of beam failure instances indicated from PHY in MAC spec. 
Proposal 3: RAN2 assumes that PHY layer detects beam failure instance and indicate the instance to MAC layer, which needs to be confirmed by RAN1. 
2.2.2 New Candidate Beam Identification
In RAN1#90 meeting, RAN1 agreed that periodic CSI-RS or SSB within the serving cell can be configured for new candidate beam identification. In RAN1#90bis meeting, RAN1 further agreed that CSI-RS + SS block is supported for new candidate beam identification. Three options can be configured for new candidate beam identification, i.e. CSI-RS only, SSB only and SSB+CSI-RS. Furthermore, a direct association between CSI-RS/SSB resources and dedicated PRACH resources is configured for beam recovery request transmission. 
In RAN1#90bis meeting, RAN1 agreed “The candidate beam can be identified when metric X of candidate beam is higher than a threshold. FFS: metric X. 1 or 2 threshold values are introduced. If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS.” It is FFS whether fixed value or configurable value will be used for candidate beam identification. 
Candidate beam is identified by comparing a measurement metric X with a threshold. The purpose of new candidate beam identification is just for beam failure recovery request transmission over PRACH. One beam needs to be selected if there are multiple new candidate beams available. The beam selection procedure being discussed in RAN2 can be considered to support candidate beam identification.  
RAN1 agreed to consider to transmit beam failure recovery request on PUCCH. However, it is deprioritized in RAN1 and this is no detailed agreement. 
Observation 3: New candidate beam is selected for the purpose of beam failure recovery request transmission over PRACH. 
Proposal 4: RAN2 considers to reuse the beam selection procedure to support candidate beam identification for the purpose of beam failure recovery request transmission in MAC spec. 
2.2.3 Beam Failure Recovery Request Trigger and Transmission
Based on RAN1 agreement, beam failure recovery request is triggered at least when beam failure is detected and candidate beam is identified. In RAN1 NR AH#2 meeting, RAN1 agreed “the certain number of beam failure recovery request transmissions is NW configurable by using some parameters. Parameters used by the NW could be: Number of transmissions, solely based on timer, Combination of above.”  If PUCCH is used for beam failure recovery request transmission, the procedure is similar as SR, which contains SR triggering and transmission controlled by timer and counter. If PRACH is used for beam failure recovery request, current procedure for random access resource selection can be reused.  Since the procedure needs to be triggered and supervised by a timer or a counter, it’s more proper to support it in MAC. 
Observation 4: Triggering of beam failure recovery request is controlled by certain condition, i.e. beam failure is detected and candidate beam is identified
Observation 5:  Beam failure recovery request transmission is controlled by a timer, a counter or combination of the timer and the counter. 
In RAN1#89 meeting, RAN1 agreed that “To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s). Detection of a gNB’s response for beam failure recovery request during a time window is supported. If there is no response detected within the window, the UE may perform re-tx of the request.” In RAN1#90bis meeting, RAN1 agreed “gNB response is transmitted via a PDCCH addressed to C-RNTI.”
After each beam failure request transmission, UE will monitor PDCCH addressed to C-RNTI during a time window. If no response is received, retransmission of the request will be performed. It should be noted that beam failure recovery procedure just utilize PRACH channel for request transmission, and it is not Random access procedure. So only the subsection of random access resource selection can be referred.
Observation 6: UE monitors PDCCH addressed to C-RNTI during a time window as gNB response to the beam failure recovery request. 
Proposal 5: RAN2 considers to specify beam recovery procedure including triggering, transmission and response monitoring in MAC spec. 
2.2.4 Failure of Beam Failure Recovery 
In RAN1 NR AH#2 meeting, RAN1 agreed “In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery.”  Unsuccessful recovery means that no gNB response is detected after numbers of the beam failure recovery request transmission.  Considering the beam recovery procedure is controlled by MAC, whether the procedure is successful or not is determined by MAC. 
Observation 7: An indication is sent to RRC for unsuccessful recovery. 
3 Conclusion
In this contribution, functions need to be specified in MAC for beam management and beam recovery procedure are discussed. Based on the observations:
Observation 1: MAC CE indicates the TCI state used as QCL reference for PDCCH monitoring. 
Observation 2: Beam failure is detected if the maximum number of consecutive beam failure instances is reached. 
Observation 3: New candidate beam is selected for the purpose of beam failure recovery request transmission over PRACH. 
Observation 4: Triggering of beam failure recovery request is controlled by certain condition, i.e. beam failure is detected and candidate beam is identified
Observation 5:  Beam failure recovery request transmission is controlled by a timer, a counter or combination of the timer and the counter. 
Observation 6: UE monitors PDCCH addressed to C-RNTI during a time window as gNB response to the beam failure recovery request. 
Observation 7: An indication is sent to RRC for unsuccessful recovery. 
We propose:
Proposal 1: RAN2 considers to specify MAC CE for TCI state indication in MAC spec. 
Proposal 2: RAN2 considers to specify beam failure detection by counting the number of beam failure instances indicated from PHY in MAC spec. 
Proposal 3: RAN2 assumes that PHY layer detects beam failure instance and indicate the instance to MAC layer, which needs to be confirmed by RAN1. 
Proposal 4: RAN2 considers to reuse the beam selection procedure to support candidate beam identification for the purpose of beam failure recovery request transmission in MAC spec. 
Proposal 5: RAN2 considers to specify beam recovery procedure including triggering, transmission and response monitoring in MAC spec. 
One example for the text proposal in MAC (based on TS38.321V1.0.0) to support beam management and beam recovery is provided in the Annex. 
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5 Annex- TP in 38.321
5.X Beam Failure Recovery Request
The beam failure recovery request procedure is used for requesting the serving gNB to perform DL beam switching for PDCCH monitoring from the serving beam(s) to a new candidate beam when beam failure is detected on the serving beam(s). 
Editor’s note: The purpose of the beam failure recovery request is subject to change.
RRC configures the following parameters for the beam failure recovery request procedure:
- bfrr-Timer
- bfrr-ResponseWindowSizeTimer
- bfrr-TransMax
-x-Threshold
Editor’s note: The parameters can be updated based on RAN1 agreement.
The following UE variable is used for the beam recovery failure request procedure:
-	BFRR_COUNTER.
A beam recovery failure request shall be triggered if beam failure is detected and there are candidate beam available. 
The MAC entity considers beam failure as detected if consecutive number of beam failure instance is indicated from lower layer. 
Editor’s note: Detailed behaviour for beam failure detection is needed.
The MAC entity considers there are candidate beam available if the [metrix X] of the candidate beam is above [x-Threshold].
When a beam recovery failure request is triggered, it shall be considered as pending until it is cancelled. The pending beam failure recovery request shall be cancelled and bfrr-Timer shall be stopped when a PDCCH addressed to C-RNTI is received on the candidate beam. 
If a beam recovery failure request is triggered, the MAC entity shall start bfrr-Timer and set BFRR_COUNTER to 0. 
As long as one beam recovery failure requst is pending, the MAC entity shall:
-   if no PDCCH addressed to C-RNTI is received:
-	if BFRR_COUNTER < bfrr-TransMax:
-	increment BFRR_COUNTER by 1;
           -	perform random access resource selection (see subclause 5.1.2);
           -     instruct physical layer to transmit preamble on the selected random access resource;
-	monior PDCCH address to C-RNTI while bfrr-ResponseWindowSizeTimer is running;
-	else:
- consider beam recovery failure request procedure unsuccessful;
       -   else: 
                   - stop bfrr-Timer and consider beam recovery failure request procedure successful. 
When bfrr-Timer expires, the beam recovery failure request procedure is unsuccessful. The MAC entity shall indicate a beam recovery failure to upper layers. The triggered
Editor’s note: beam recovery failure request over PUCCH is deprioritized. So beam recovery failure request over PRACH is considered. 
[bookmark: _GoBack]Editor’s note: The detailed procedure is subject to change whether only a timer, a counter or combination of above will be used. 
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