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1 Introduction
Beam management consist of a set of procedures, agreed by RAN1 and RAN2, which are mainly used at above 6GHz operation of the NR. Before discussing the detailed operation such as measurements, performance, etc, it is critical for RAN4 to agree on a set of definitions characterizing the beam management itself. This is particularly important as such operations are not existing in the RAN4 so far and some of these operations, as we are discussing further in the paper, can be easily misunderstood for other existing RAN4 procedures. 
2	Discussion
The following procedures can be assumed part of beam management [3]. To start with, the main definition of beam management can be stated as follows, which are also captured in the TR:
	Beam management is 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, which include at least following aspects:
Beam determination= for TRP(s) or UE to select of its own Tx/Rx beam(s). 

Beam measurement = for TRP(s) or UE to measure characteristics of received beamformed signals
 
Beam reporting = for UE to report information of beamformed signal(s) based on beam measurement

Beam sweeping = operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.




Additionally, one may consider beneficial the following definitions

Beam pair = a set of (TRP Tx and UE RX beams) or (UE Tx and gNB Rx beams) which are obtained at the end of beam management procedures P1, 2, 3.
Beam, serving = a beam or beam pair over which control or data channel is transmitted to a particular UE.
Beam change/switch: When network configures UE with new serving beam out of the reported candidate beams or requests UE to monitor alternative serving beam that is still available. UE may have multiple serving beams e.g. associated with different UE RX beams. Both network and UE may detect the need for beam change. 
Beam Recovery: When the current beams (can be multiple beam pair) configured for PDCCH reception cannot be used for transmission i.e. beam link quality has degraded or the beam is blocked but UE detects alternative potential candidate beams that are not currently configured for PDCCH reception and indicates these beams to network via L1/L2 signaling.
Definition of beam grouping [4]:

	Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 
· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.




Definition of beam correspondence [4]:

	The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams. 
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams 
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams. 
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams. 




From this definition, it is clear that there will be a need for 1) UE DL beam measurements and 2) UE UL transmissions in order to enable Tx/Rx beam correspondence at both UE and TRP. Additionally, it can be expected that these measurements and transmissions made by UE and gNB would need to be more or less periodical to ensure keeping the correspondence quality.
The agreement is that beam management is 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. Additionally, there will be beam measurement to measure the characteristics of the received beamformed signal, and beam reporting enabling reporting the results to the network. The details of the procedures are open but it seems beneficial if the beam measurements used for beam management and beam correspondence measurements would be similar in order to reduce UE measurement burden. 
DL beam measurement(s) would need to be performed at UE side based on the defined DL beam RS. For this purpose, it seems clear that there would need to be requirements in NR regarding these beam measurements as well as accuracy requirements. These requirements would need to be discussed and defined in RAN4. 
Proposal 1: RAN4 need to discuss beam measurements for beam management.
Proposal 2: RAN4 need to discuss beam measurements for beam correspondence.

2.1 Link Failure discussion
Beam management includes, among other procedues, beam determination and beam measurements. How the actual beam management will be performed in terms of maintaining the TRPs for UL/DL transmissions can be either L1 or L2 procedure – which is still being discussed. Beam management in terms of controlling (change or switch) actively used beams will need support in terms of beam measurement results from UE side. In case of good radio channel conditions such management will be carried out rather smoothly.
As in existing LTE, where we have radio link monitoring for the purpose of having a procedure for the recovery of the radio link in case of unforeseen radio link problems – we would likely need a procedure also in NR for link recovery if link quality problems occur.
Exactly how to perform link quality monitoring can and will be done in NR is open for discussion. Likely there will be a need for UE procedure in which the UE evaluates the DL link in order to evaluate if link problems occur that are so severe that the link between the UE and network is broken. Such procedure is also used in order to ensure that the UE does not continue UL transmissions without having a reliable DL link. Note that such a procedure needs to differentiate from the case when the UE monitors a set of beams and some of those are not available anymore. This was also discussed in the RAN1 meeting:
Beam Recovery: When the current beams (can be multiple beam pair) configured for PDCCH reception cannot be used for transmission i.e. beam link quality has degraded or the beam is blocked but UE detects alternative potential candidate beams that are not currently configured for PDCCH reception and indicates these beams to network via L1/L2 signaling.
In beam environment, it is therefore seen reasonable to discuss beam radio link monitoring which could be based on UE DL beam measurements. Exactly how the UE should perform link evaluation for beams needs to be discussed in RAN4 together with RAN2. The actual physical measurement and evaluation would likely be defined by RAN4 while the higher layer procedure and recovery will be defined by RAN2.
Proposal 3: RAN4 should further discuss radio link failure and beam recovery for NR.

3	Conclusions 
[bookmark: _GoBack]In this paper, we have discussed the current RAN1 agreements on beam measurements and detailed operation such as measurements, performance, etc. Based on the discussion it we see it important for RAN4 to agree on a set of definitions characterizing the beam management itself. We propose:
Proposal 1: RAN4 need to discuss beam measurements for beam management.
Proposal 2: RAN4 need to discuss beam measurements for beam correspondence.
Proposal 3: RAN4 should further discuss radio link failure and beam recovery for NR.
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