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Introduction
During RANP #80 meeting, the WID on beam management enhancement in Rel.16 was drafted as below. 
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In this contribution, regarding to each item in the WID, we present the potential enhancements of beam management in Rel.16 NR-MIMO.
Latency and overhead reduction
Beam management procedure for short time duration BWP
In current specification, a UE can handle only one active BWP. When multiple BWPs are configured to the UE and one of them is a BWP to support URLLC, the active BWP in UE side may change frequently among the configured BWPs. The UE needs to visit the BWP for URLLC frequently to receive/transmit short data for URLLC. So, the BWP for URLLC may not require long time duration. It means that one BWP may not be occupied by the UE for a long time. 
Current CSI-RS/SRS resource set/resource for the beam management is configured per BWP. So, the beam management procedure is assumed to be performed on a per BWP basis. The beam management procedure would take a certain amount of time due to the beam sweeping. But, there is no mechanism regarding beam management procedure for short duration BWP. For example, during the beam management, a mechanism such as suspend/resume operation may be needed. 
Proposal 1: RAN1 should specify the beam management mechanism for short time duration BWP.
Interference aware beam reporting
Due to the simplicity of L1-RSRP measurement, L1-RSRP was supported for beam reporting in Rel.15 NR as a baseline. The drawback of this simple beam reporting is also clear. Without any consideration of interference from other cells, the reported beam even with high L1-RSRP may still suffer from strong steered interference from other cell(s), particularly at FR2. Therefore, it makes sense for a UE to report L1-RSRQ or L1-SINR to gNB. To this end, we first need to define and specify the procedures for a UE to measure interference beam(s) from other cell(s), and then decide which parameter to report and how to quantize this reporting to save uplink overhead.
Interference beam sweeping procedures
Let’s first take the DL beam sweeping procedures, i.e. P1/P2/P3 as a starting point. Intuitively, we may have the symmetric interference beam sweeping procedure as P1’/P2’/P3’. More specifically, a UE gets access to Cell A and may suffer from interference from Cell B as shown in Figure 1. On the left hand, one may notice in P1’ procedure a UE is able to measure different interference beams from Cell B combined with different Rx beams. In the middle, P2’ procedure facilitates a UE to measure different interference beams with same Rx beam. On the right hand side, P3’ procedure makes it possible that a UE measures the same interference beam with different Rx beams. To support above measurement procedure, we have following proposal.
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Figure 1 [bookmark: _Ref525137194] Interference beam sweeping procedures
Proposal 2: RAN1 studies and, if necessary, specifies the measurement procedures which facilitate a UE to measure interference beams from neighbor cell(s). 
L1-RSRQ or L1-SINR reporting
After a UE measures serving beam(s) from serving cell(s) and interference beams from neighbor cell(s), it first determines the N reported Tx beam(s) considering the interference environment, and then reports these selected beam(s) to gNB. Similar as L1-RSRP, the interference-aware parameters, i.e. L1-RSRQ or L1-SINR associated with the selected CRI/SSBRI should also be reported. In addition, if N > 1, the differential reporting on L1-RSRQ or L1-SINR can be considered.
Proposal 3: To support interference-aware beam reporting, NR supports L1-RSRQ or L1-SINR based beam reporting. If the number of reported Tx beams is larger than 1, the differential reporting should be considered as well.
Multi-beam operations
Multi-beam indication for PDSCH
In Rel.15, NR supports single beam indication for PDSCH by using the 3-bit TCI filed in DCI format 1_1 to dynamic indicate the Tx beam of gNB. In FR2 single beam operation is more vulnerable to beam failure than multi-beam operation due to UE moving, rotation and blockage. Therefore, multi-beam operation in FR2 is a straightforward technical choice. 
For non-group based beam reporting, a UE reports the best N Tx beam(s) which may not be simultaneously received by the UE. But gNB doesn’t know whether the UE is able to simultaneously receive all reported beams or not. This unawareness at gNB side makes the multi-beam indication for PDSCH infeasible under some circumstances. For group-based beam reporting, gNB always knows that the reported two beams can be received simultaneous by the UE. Therefore, by extending the field of TCI index in DCI, multiple beam indication can be done for PDSCH. 
Observation 1:  Assuming group-base beam reporting, both gNB and UE know whether the reported multiple beams can be simultaneously received by the UE or not.
Proposal 4: For multi-beam operation in FR2, NR supports the multi-beam indication for PDSCH by extending the TCI index field in DCI. 
Beam selection with polarization
In current standardization, only 1 or 2 CSI-RS resources are configured within a CSI-RS resource set for beam management purpose, therefore the polarization and directions of beams are transparent with the concept of antenna virtualization. Each beam is virtualized as an antenna port and the polarization of the beam used at the antenna port is transparent to the UE. In other words, two beams with the same antenna gain but different polarization are two different antenna ports. During beam sweeping process, e.g., initial access and channel monitoring, gNB sweeps with beams in different direction and polarizations. However, the polarization relationship (whether the two beams are of the same polarization or orthogonal polarization) is not regulated and unknown to the UE.
It is therefore of interest for a UE to know the polarization properties of the beam sweeps performed by the gNB. When the beam UE performs selection during initial access and when it populates the beam candidate list the UE in some situations may pick the wrong beam as shown in Figure 2. 
More specifically, in Figure 2 the solid line is for vertical polarization (v-pol) and the dotted line is for horizontal polarization (h-pol). For the first row, gNB sweeps the beams by alternating first the polarization direction and then beam direction whereas in the second row, beam direction is first alternated and then polarization. Assuming each beam is carried on one CSI-RS port, there are in total 8 CSI-RS ports in one row. But within these 8 CSI-RS ports, there are only 4 distinct beam directions. At UE side, dual polarization antennas are equipped. Then the UE can measure the L1-RSRP of all the beam pairs and then choose the beam pair with the highest L1-RSRP which determines both the beam direction and polarization.
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Figure 2 [bookmark: _Ref525896046] Two different beam polarization orders in beam sweeps 
Two scenarios can be thought of: 
· UEs with a single polarized antenna (one polarization inactive to save power, or capability limited) may be unfortunately oriented. 
· The channel may attenuate one of the polarizations more than the other.
For the UE to determine the potential performance of a beam pair, both polarizations need to be sounded. It is not a mandatory behavior for the gNB to sound both polarizations, but under some conditions it may be beneficial. Under those conditions, the UE needs to know which beams have the same directional properties but are orthogonally polarized. The UE can then compute the dominant Eigen mode (i.e. dominant polarization direction) of the beam to determine the potential of the beam rather than the performance of an arbitrary polarization. 
Considering the polarization related to issue of beam correspondence, one may refer to our paper [4] submitted to RAN4.
Simulations
Simulation setup
To validate the benefits of knowing the polarization relationships of beam sweeping, we conduct the simulation of performance gain in a 19 cells UMi model in [2]. The simulation parameters are given in the full simulation assumptions in Table 7.8-2 in [3] with beam correspondence assumption. Both gNB and UEs are equipped with dual-polarized antennas. UEs are randomly dropped into the central gNB (gNB 0) and each gNB has 3 sectors (TRP). The UE connects to the TRP of the sector in which it is located and receives interference from all other TRPs but no interference from the TRPs from the same gNB. gNB has 16 dual polarized antennas in 2 antenna panels. The polarization ports are assumed to be at 0/+90 degrees. The UE has 4 dual polarization antennas which align at 0/+90 degrees polarization. The antenna panels at the gNB are not used simultaneously. 
gNB signals the pre-configured number of beams which utilized either only vertical ports, horizontal ports or both. The UE measures the L1-RSRP of the beams using the pre-configured receive beams. Then the UE identifies the best transmit and receive beam pair from the measurements.
Simulation results
[bookmark: _GoBack]Figure 3 shows CDF of the improvement that can be expected for the case when UE is aware of the polarization relationships of the beam sweeps. Assuming the beam correspondence, one can estimate the uplink performance if the same best downlink beam is used in the uplink. Since the TRP is equipped with a dual-polarized antenna, the uplink performance can be computed from the corresponding best downlink beam and its polarization complement. If the UE knows the knowledge of the polarization relationship between beams, the UE can choose the best downlink beams based on the best hypotheses uplink performance. The performance improvement is attained when the best downlink L1-RSRP beam in one polarization is not the best uplink beam measured in both polarization. As shown in CDF of Figure 3, a SINR improvement is attainable at 30% of the time duration as illustrated. Particularly, at 10% of the time duration, the SINR improvement of 0.4dB is attainable.
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Figure 3 [bookmark: _Ref525896099] Uplink performance gain if polarization relationships in beam sweeping is known to UE
Observation 2:  In up to 30% of the cases a UE will make an erroneous beam selection in some condition if it is not aware of the polarization properties.
There are different ways a UE can get access to the polarization properties based on assumptions from the UE e.g. association between polarization and: beam ID; resource allocation; sweep pattern etc. the association can also be explicitly shared with dedicated signaling. 
Proposal 5: It is proposed that companies study most efficient method for a UE to gain access to the polarization properties of the gNB beams. 
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1: RAN1 should specify the beam management mechanism for short time duration BWP.
Proposal 2: RAN1 studies and, if necessary, specifies the measurement procedures which facilitate a UE to measure interference beams from neighbor cell(s). 
Proposal 3: To support interference-aware beam reporting, NR supports L1-RSRQ or L1-SINR based beam reporting. If the number of reported Tx beams is larger than 1, the differential reporting should be considered as well.
Proposal 4: For multi-beam operation in FR2, NR supports the multi-beam indication for PDSCH by extending the TCI index field in DCI. 
Proposal 5: It is proposed that companies study most efficient method for a UE to gain access to the polarization properties of the gNB beams. 
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