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Introduction
Rel-16 MIMO is tasked to enhance various aspects of multi-beam operation in FR2, including [1]
· 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 the last meeting [2], evaluation assumptions have been discussed for both LLS/SLS. In our companion paper [8], we share our concerns on several issues identified on the evaluation assumptions. In this paper, we provide some initial results on multi-beam enhancements.
Initial results on multi-beam operation
This section is to report initial results on multi-beam operation and our observations. 
Impact of inter-beam interference
Due to the use of directional antennas and high path loss in FR2, inter-cell interference is expected to be relatively small in typical urban eMBB scenarios. On the other hand, intra-cell inter-beam interference, possibly due to the scheduling of the mutually interfering UEs, cannot be neglected. Some more details on L1-SINR can be found in [6]. For illustrative purpose, the impact of inter-beam interference is shown in Figure 1. It is observed that even the beams are selected with a same or similar L1-RSRP, they may experience a very different SINR during data transmission if MU-pairing is adopted by gNB. More specifically, this figure also shows the SINR fluctuation of the beams with a similar L1-RSRP can be as high as 10dB in some cases. 
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[bookmark: _Ref528955202]Figure 1 SINR vs. RSRP (Dense Urban)
Based on the results, we have the following observation: 
Observation 1: Beams with similar L1-RSRP(s) may experience very different L1-SINR(s) with paired multi-user transmission.
Gain of panel-specific UL beam selection
Figure 2 provides initial SLS results on the possible gain of supporting panel-specific beam selection. It shows that by selecting the best Tx beam across 2 UE panels, the probability of UL RSRP larger than -100dBm is increased by ~10%, compared with using a single/fixed panel, which suggests the potential gain on the UL coverage. Moreover, it is also observed that the medium RSRP is increased by ~5dB, which suggests the potential gain on the UL throughput. To achieve the observed benefit, having aligned panel management between gNB and UE is one of the keys and some more detailed design can be found in our companion paper [5].
 [image: ]
[bookmark: _Ref525898298]Figure 2 Gain on UL RSRP from using best UL beam across 2 UE panels
Observation 2: Panel-specific UL beam selection can bring substantial benefits on both UL coverage and UL throughput.
Improved beam failure recovery rate
In our companion paper [7], we have identified one issue on Rel-15 BFR that the limitation of the number of candidate beams being 16 may be small so that the BFR performance is limited. As a solution, we propose that configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification, as shown in the next figure.
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[bookmark: _Ref525902837]Figure 3 A moving UE and its associated candidate beam sets
A preliminary performance comparison is carried out with 3 different solutions. The LLS simulation is conducted by using ray-tracing method for blockage modelling of human blockage. The performance metrics and definitions are discussed in [8] for more details. In particular, probability of interruption used here is the probability that SNR < 0dB, and conditional probability of interruption used here is the probability of SNR < 0dB conditioned on blockage event, where block event is defined as SNR dropped by 10dB and lasted over 50ms (an illustration of a blockage event can also be found in [8]).
The results are summarized in Table 1. As can be seen, the proposed solution provides a good trade-off between robustness and complexity, i.e., UE needs to measure only 16 beams for a given time duration, while the probability of interruption almost halved from that is achievable with Rel-15 design and approaches the upper bound that UE performs global search over all SSB beams. 
[bookmark: _Ref525902944]Table 1 Performance comparison between different solutions
	Simulation cases
	Probability of interruption:
Prob(SNR<0dB)
	Conditional probability of interruption:
Prob(SNR<0dB|blockage)

	Case 1: At a high cost
RRC configure and UE measures all 64 beams
	8.6%
	44.4%

	Case 2: Proposed solution
RRC pre-configure 64 candidate beams, MAC-CE to indicate 16 of them for UE to measure
	10.2%
	52.3%

	Case 3: Rel-15 baseline (evenly sampled subset)
RRC pre-configure and UE measures 16 beams
	19.5%
	99.6%



Observation 3: Configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification can reduce the probability of interruption without increasing UE complexity compared to Rel-15 BFR mechanism.

Summary of observations
The observations in this paper are summarized as follows. 
Observation 1: Beams with similar L1-RSRP(s) may experience very different L1-SINR(s) with paired multi-user transmission.
Observation 2: Panel-specific UL beam selection can bring substantial benefits on both UL coverage and UL throughput.
Observation 3: Configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification can reduce the probability of interruption without increasing UE complexity compared to Rel-15 BFR mechanism.
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