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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In this contribution we discuss about TX/RX beam correspondence and non-correspondence impacts on beam management procedures. RAN1#86bis made the following working assumptions related to definitions for DL beam management [3]:
	Working assumption:
· 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.
· More refined definition can still be discussed



Related to different TX/RX beam correspondence capabilities in beam management procedures the following agreements were reached to propose to study UL beam management [3]:
	Agreements:
· UL beam management is to be further studied in NR
· Similar procedures can be defined as DL beam management with details FFS, e.g.:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· Note: this is not necessarily useful in all cases
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· FFS Indication of information related to Tx/Rx beam correspondence is supported
· Study UL beam management based on:
· PRACH
· SRS
· DM-RS
· Other channels and reference signals are not precluded
· Study uplink beam management procedure by considering the Tx/Rx beam correspondence
· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence




2	Beam acquisition methods
In this section we further discuss different methods of determining TRP TX and RX beam(s) for communication in downlink and uplink for different reciprocity assumptions. 
2.1	TX/RX beam correspondence at gNB
As captured in RAN1#86 agreements, “At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency”. 
NR system is one-to-many system where one cell (one or multiple TPRs) serves multiple UEs at a time. To minimize the overhead required for beam search and alignment between BS beams and beams of each UE, an asymmetric approach is considered where the beam procedures rely on the BS side beam sweeping in broadcast manner and where the BS beams are identifiable in the system. In other words, beam management procedures are anchored to BS beams that are advertised over time. 
Upon detection of BS beams, the UE measures the strength of BS beams of the serving cell as a continuous process, and provides measurement results to the BS. Based on the UE feedback, the BS determines the serving BS DL and UL beam(s) for the UE. The procedure comprises updating the set of beams that can be used to serve the UE.
The beam management procedure involves dedicated signalling between BS and UE for:
· Downlink signals for detecting and measuring BS DL beams to be used for both DL and UL at BS
· providing beam measurements result to the BS by the UE
· configuring serving BS beam(s) for the downlink control
· configuring candidate serving BS beam(s) for the downlink data
· configuring candidate serving BS beam(s) for the uplink control and data
Beam management procedures are preferably built upon downlink beam reference signal transmissions uniquely identifying BS beams of the serving cell. Detecting and measuring BRSs the UE would be able to track intra-cell beams for the purpose of beam level mobility. BS may transmit such signals at least periodically as depicted in the Figure 1 on periodical downlink sweeping subframes. That periodical BRS would also be basis for initial BS DL and UL beam acquisition in initial access. 



[bookmark: _Ref462666017]Figure 1 Illustration of periodic beam specific signals.
Proposal 1: Support downlink Beam Reference Signals (BRSs) uniquely identifying BS beams of the serving cell as basis for beam management procedures in reciprocity case for acquisition of both DL and UL gNB beam(s). 
2.2	TX/RX beam non-correspondence at BS
As captured in RAN1#86 agreements, “Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links”.
Also in non-reciprocity case the DL BRS would be basis for DL BS beam management. However, as the reciprocity does not hold, and linkage between DL and UL cannot be made and hence for UL BS beam acquisition, two non-mutually exclusive (from specification perspective) options are identified:
1. Define UL signal for UL beam sweeping at BS
2. Utilize digital subsystem receiver at BS

In option 1, a UE would be configured to transmit certain UL reference signal multiple times to the BS. The signal can be e.g. PRACH preamble when UE is performing initial access or link re-establishment and acquiring initial gNB UL beam. In connected state, the signal can be e.g. an SRS type signal that gNB schedules UE to transmit in repetition manner to enable gNB to try different UL beams. In any case, UL sweeping operation is required. 
In option 2, a BS may be equipped with a narrowband digital subsystem RX e.g. for DoA estimation from UL signal without needing UL sweeping operation. To support this setup along the utilization of hybrid architecture, UL reference signal to determine BS UL beam for the UE should support narrowband option. 
Above options are illustrated in Figure 2.
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[bookmark: _Ref465453257]Figure 2 Options for BS UL beam selection in non-reciprocity case. 
Observation 1: In non-reciprocity case, use of digital subsystem RX at BS can enable TRP RX beam acquisition without explicit UL sweeping operation. 
Proposal 2: UL reference signal to determine BS UL beam for the UE should support narrowband option. 
It’s very obvious that procedures that require beam sweeping cause latency and system overhead. E.g. if the gNB operates using hybrid architecture for PRACH requiring beam sweeping with frequent beam switches there are very limited possibilities to serve some other UL traffic during PRACH subframes. In addition, if the beam sweeping and in this context especially UL beam sweeping, full or partial, needs to be performed per UE basis, it’s quite evident that in case of already low number of UEs per cell the system overhead may become very significant. Thus, at least grouping based approaches should be considered where group of UEs may perform repetitive UL transmissions for UL beam sweeping purposes. Obviously, high multiplexing capacity within UL sweeping block/symbol is required for the UL signals used for beam sweeping purposes. 
Observation 2: Separate UL beam sweeping procedures introduce latency and system overhead issue, especially UE specific UL beam sweeping operations. 
Clearly TX/RX beam reciprocity availability both at gNB and UE side leads to highest system efficiency because
· Preferred TRP TX and RX beams per UE can be derived from downlink signals
· UE can derive its RX and TX beams from downlink signals

Only downlink sweeping may be required where gNB transmits some cell-specific beam reference signal periodically. Non-availability of TX/RX beam reciprocity at gNB adds then upon above additional procedures, meaning additional UL beam sweeping operations. The system gets even more complicated if the UE doesn’t have beam reciprocity and if the network should provide assistance i.e. to indicate the preferred UL TX beam(s) to the UE. Furthermore, considering applicability of NR to e.g. 60 GHz unlicensed spectrum where it’s expected that the transmitter performing LBT operation should be able to listen from the direction (using the RF pattern) to which direction the transmitter will be transmitting, requires beam reciprocity.
Proposal 3: Baseline beam management procedure should consider TX/RX beam correspondence at gNB and UE, and basis should be current DL beam management procedures. 
Proposal 4: Augment current DL beam management procedures with efficient beam recovery schemes and with additional configured UL beam sweeping procedures for getting UL RX beams at gNB for the case no TX/RX beam correspondence is available at gNB. 
3	Conclusions 
In this contribution relation between reciprocity assumptions and beam management procedures are discussed. Based on discussion the following proposal is made:
Proposal 1: Support downlink Beam Reference Signals (BRSs) uniquely identifying BS beams of the serving cell as basis for beam management procedures in reciprocity case for acquisition of both DL and UL gNB beam(s). 
Observation 1: In non-reciprocity case, use of digital subsystem RX at BS can enable TRP RX beam acquisition without explicit UL sweeping operation. 
Proposal 2: UL reference signal to determine BS UL beam for the UE should support narrowband option.
Observation 2: Separate UL beam sweeping procedures introduce latency and system overhead issue, especially UE specific UL beam sweeping operations. 
Proposal 3: Baseline beam management procedure should consider TX/RX beam correspondence at gNB and UE, and basis should be current DL beam management procedures. 
Proposal 4: Augment current DL beam management procedures with efficient beam recovery schemes and with additional configured UL beam sweeping procedures for getting UL RX beams at gNB for the case no TX/RX beam correspondence is available at gNB. 
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