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1 Introduction
In RAN2 Qingdao AH meeting, RAN2 Chair sent LS ‘NR topics requiring coordination between RAN1 and RAN2’ [1] to RAN1. For beam management / recovery procedures, “RAN2 assume that RAN1 is leading this topic and RAN2 will wait for RAN1 to make progress before discussing in detail. Once RAN1 has started to make progress then RAN2 will look at implications to RAN2 specifications. Input from RAN1 before the August WG meeting is preferable.”
The response LS from RAN1 [2] for beam management was available.  In this contribution, we discuss beam management and beam recovery, identify the impact to MAC, proposing RAN2 to define corresponding signaling and procedure to support beam management and beam recovery procedure. 
2 Discussion
2.1 Beam Management
According to 38.802, beam management is defined as a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception. It includes beam determination, beam measurement, beam reporting and beam sweeping. Beam management processes from P1 to P3, targeting to establish and maintenance one or multiple beam pair links (BPLs). 
In NR, control channel and the corresponding data channel transmissions generally have different requirements on their link performances and apply different transmission schemes. NR supports using the same or different beams on NR-PDCCH and NR-PDSCH. For example, NR-PDCCH can have wider beam width with better robustness, while NR-PDSCH will have narrower beam to support higher data rates.  So beam management for both NR-PDCCH and NR-PDSCH are being discussed in RAN1. 
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Figure 1 NR-PDCCH vs. NR-PDSCH
Based on RAN1 agreement that “For reception of unicast DL data channel, configuration of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) is indicated via DCI (downlink grants). The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna ports.” beam management for NR-PDSCH is controlled by DCI, which is transparent to RAN2. 
Observation 1: Beam management for NR-PDSCH is transparent to MAC. 
There are two types of NR-PDCCH, i.e. common PDCCH and dedicated PDCCH for different purpose. Common PDCCH is the PDCCH addressed to SI-RNTI, P-RNTI, RA-RNTI etc. for a group of UEs receiving SI, paging and RAR, which doesn’t require UE measurements feedback and active network control. Common PDCCH may be transmitted in the same manner as SS block through beam sweeping. 
Observation 2: Beam management for common PDCCH doesn’t require UE measurement feedback and active network control. 
Based on above observations, only beam management and beam recovery procedures for dedicated PDCCH may be visible to MAC and need to be considered for specification in RAN2. 
Proposal 1: MAC layer only considers beam management and beam recovery procedures for dedicated PDCCH. 
Based on RAN1 agreements, UE can be configured to monitor multiple BPLs simultaneously or on different OFDM symbols for NR-PDCCH transmission supporting robustness against beam pair link blocking. For dedicated PDCCH, UE need to provide beam reporting to network based on the measurement on the CSI-RS resources configured. Network decides which beam(s) to use and send the beam indication command to UE. Then UE adjusts its Rx beamformer and switches to the indicated TRP Tx beam accordingly. 
Based on RAN1 agreement that “Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling”, one interpretation is the configuration of QCL is a combination of RRC and MAC-CE signaling. For example, CSI-RS resources that can be used as QCL reference are configured by RRC, while MAC CE indicates the active QCL reference for PDCCH monitoring. Another interpretation is the configuration of QCL is by either RRC or MAC. Based on the experiences on latency/reliability evaluation between RRC signaling/MAC CE/DCI, MAC CE is good trade-off between latency and reliability. 
Proposal 2: QCL reference for dedicated PDCCH monitoring is carried by MAC CE. 
Since it is a new MAC CE supporting beam indication, a LCID will be assigned to it. When the MAC CE is received and successfully decoded, the QCL reference will be indicated to PHY layer, which performs beam switching accordingly. 
Proposal 3: QCL reference for dedicated PDCCH is indicated by MAC to PHY to perform beam switching. 
2.2  Beam Recovery
“UE Beam failure recovery mechanism includes the following aspects:  beam failure detection, new candidate beam identification, beam failure recovery request transmission and UE monitoring gNB response for beam failure recovery request. “ RAN2 need to consider which aspects of the beam recovery procedure will be specified in MAC.
Beam failure recovery request triggering
 “For beam failure detection, UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met. In RAN1 working assumption, condition 1 (when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification) is supported as triggering condition for beam failure recovery request transmission. “
Beam failure recovery request (BFRR) is triggered based on certain condition. For condition1, it requires both beam failure detection and candidate beam identification. 
Observation 3: BFRR is triggered when certain condition is met. 
According to RAN1 agreements, both non-contention based channel based on PRACH or PUCCH will be used for beam failure recovery request (BFRR) transmission. If PUCCH is used for BFRR transmission, the mechanism to control the BFRR transmission is similar as SR procedure. It’s possible a counter is used. When maximum number of transmission on PUCCH is reached, BFRR transmission over PRACH is initiated.
If PRACH is used for BFRR transmission, which layer triggers BFRR need to be considered. In LTE, RACH procedure is triggered by MAC/RRC and supervised by MAC layer. In RAN2#97bis meeting, it was agreed that there is at most one Random Access procedure ongoing at any point in time in a MAC entity. The same principle should be applied for BFRR transmission on PRACH. Otherwise, if PRACH on BFRR is triggered and controlled by PHY, it’ not clear how to handle other RACH procedure triggered by other purpose, e.g. UL/DL data arrival, HO, etc. 
Observation 4: Similar procedure as SR can be used to control BFRR transmission over PUCCH, if PUCCH for BFRR transmission is configured.
Observation 5: RACH procedure is triggered by MAC/RRC and supervised by MAC.
Proposal 4: BFRR is triggered and controlled by MAC layer. 
Beam failure recovery request transmission
“RAN1 agrees that 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 or combination of above.”
Observation 6: number of BFRR transmission is controlled by a counter, or a timer or combination of above. 
If BFRR is triggered and controlled by MAC, a counter or a timer or combine of above at MAC layer is need to supervise BFRR transmission on PUCCH, or CFRA. It’s also possible that CBRA is performed as supplement to contention-free beam failure recovery resources. The mechanism to control BFRR transmission as well as the transmission transition on different physical channels need to be designed in MAC layer. 
Proposal 5: A timer or a counter or combination of above in MAC is used to supervise the beam recovery procedure. 
Network response monitoring
According to RAN1 agreements, in order to receive gNB response for beam failure recovery request, UE monitors a control channel search space during a time window. If there is no response detected within the window, the UE may perform BFRR retransmission. 
Observation 7: UE monitors a control channel search space during a time window for gNB response after each BFRR transmission. 
If CFRA is used for BFRR transmission, the time window may be similar as RAR window; if PUCCH is used for BFRR transmission, another window needs to be defined in MAC. 
Proposal 6: A time window in MAC is used to monitor gNB response for each BFRR transmission. 
Beam recovery failure
“In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery”. 
If the response is not detected after a certain number of BFRR transmission, UE considers beam recovery procedure failed. So UE notifies RRC and stops beam recovery procedure. 
Observation 8: UE notifies higher layer beam recovery failure if no response is detected after certain number of BFRR transmission. 
Considering beam recovery procedure is controlled by MAC layer, beam recovery failure is determined by MAC layer.  The notification of beam recovery failure is sent to RRC layer by MAC. 
Proposal 7: Beam recovery failure is indicated to RRC by MAC. 
3 Conclusions
In this contribution, we discuss beam management and beam recovery procedure based on the latest LS from RAN1. 
Based on the observations:
Observation 1: Beam management for NR-PDSCH is transparent to MAC. 
Observation 2: Beam management for common PDCCH doesn’t require UE measurement feedback and active network control. 
Observation 3: BFRR is triggered when certain condition is met. 
Observation 4: Similar procedure as SR can be used to control BFRR transmission over PUCCH, if PUCCH for BFRR transmission is configured.
Observation 5: RACH procedure is triggered by MAC/RRC and supervised by MAC.
Observation 6: number of BFRR transmission is controlled by a counter, or a timer or combination of above. 
Observation 7: UE monitors a control channel search space during a time window for gNB response after each BFRR transmission. 
Observation 8: UE notifies higher layer beam recovery failure if no response is detected after certain number of BFRR transmission.
We propose:
Proposal 1: MAC layer only considers beam management and beam recovery procedures for dedicated PDCCH. 
Proposal 2: QCL reference for dedicated PDCCH monitoring is carried by MAC CE. 
Proposal 3: QCL reference for dedicated PDCCH is indicated by MAC to PHY to perform beam switching. 
Proposal 4: BFRR is triggered and controlled by MAC layer. 
Proposal 5: A timer or a counter or combination of above in MAC is used to supervise the beam recovery procedure. 
Proposal 6: A time window in MAC is used to monitor gNB response for each BFRR transmission. 
Proposal 7: Beam recovery failure is indicated to RRC by MAC. 
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