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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 beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
To understand the gain of potential enhancements, quantitative performance comparisons with what was specified in Rel-15 are highly recommended. In this paper, we provide some initial results on multi-beam enhancements. More specifically, we show the schemes to obtained performance gain by using L1-SINR in Section 2.1, the possible performance gain of panel-specific beam selection in Section 2.2 and BFR performance in Section 2.3.

Results on multi-beam operation
[bookmark: _Ref534970448]L1-SINR measurement/reporting
Due to the use of analog beamforming and high pathloss 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 beams, cannot be neglected. The introduction of L1-SINR can serve as a more efficient and accurate quality metric for beam management, compared to L1-RSRP. Detailed discussions on L1-SINR can refer to our companion paper [5]. We perform extensive system level simulations to find a better L1-SINR calculation and reporting method during beam selection phase. More specifically, 3 different case studies have been carried out, as follows.
· Case#1: Rel-15 baseline. One beam (CRI) is reported. The reported beam is with a maximum L1-RSRP and is used as the serving beam.
· Case#2: L1-SINR based beam selection, with interference measured on dedicated NZP IM resources. One beam (CRI) is reported. The reported/serving beam is with a maximum L1-SINR. The signal part is measured from the REs carrying useful signal. The interference part is measured from the REs carrying interference signals. The useful signal is in a form of a NZP CSI-RS resource. The interference signals are also NZP CSI-RS resources, which models the concurrent gNB transmit beams. The interference signals are measured with the same Rx beam that receives the useful signal.
· Case#3: L1-SINR based beam selection, with interference measured on dedicated NZP IM resources. Four beams (CRIs) and corresponding IMR(s) are reported. The serving beam is the one with the maximum L1-SINR reported. The signal part is measured from the REs carrying useful signal. The interference part is measured from the REs carrying interference signals. The useful signal is in a form of a NZP CSI-RS resource. The interference signals are also NZP CSI-RS resources, which emulates the concurrent gNB transmit beams. The interference signals are measured with the same Rx beam that receives the useful signal. The gNB treats other beams reported along with the serving beam as the restricted beams which cannot be scheduled simultaneously with the serving beam, from the scheduler perspective. 
Figure 1 reports the performance. Allowing UE to measure interference from separate and dedicated interference measurement resources indeed improves the throughput, since the inter-beam interference is more accurately reflected by those dedicated NZP CSI-RS resources. In Case#2, the gain is about 5% by choosing a beam that experience best SINR to serve UE. In Case#3, with beam reporting, not only the L1-SINR, but also the interfering beams, gNB can avoid the simultaneous transmission of mutually interfering beams. And this would lead to ~22 % performance gain.
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[bookmark: _Ref533771938]Figure 1 Performance comparisons of L1-SINR based beam selection
Observation 1: Larger performance gain can be obtained when UE measures interference from dedicated NZP CSI-RS resources for interference measurement and the interference avoidance is applied by not scheduling the mutually interfering beams.
[bookmark: _Ref532392575]Panel-specific UL beam selection
Panel-specific UL beam selection is in the scope of Rel-16 multi-beam enhancements. Detailed discussions can refer to our companion paper [4]. 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.
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[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.
[bookmark: _Ref532392503]Beam failure recovery
One issue identified on Rel-15 BFR that the limitation of the number of candidate beams being 16 may be small so that the BFR performance is not satisfactory. It was agreed [2] that RAN#96bis meeting will decide whether Rel-16 supports 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. A preliminary performance comparison is carried out with 3 different solutions as follows. 
· Case#1: Rel-15 baseline. RRC configures and UE measures 16 beams. In this setup, the 16 beams are chosen as an evenly sampled subset of the total 64 beams.
· Case#2: Upper bound. RRC configures and UE measures all 64 beams.
· Case#3: Proposed solution. RRC configures 64 candidate beams, and MAC-CE to indicate 16 of them for UE to measure [3].
The LLS simulation is conducted by using ray-tracing method for blockage modelling of human body. 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, as introduced in [6].
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 BFR candidate beam configurations
	Simulation cases
	Probability of interruption: Prob(SNR<0dB)
	Conditional probability of interruption:
Prob(SNR<0dB|blockage)

	Case#1 (Rel-15 baseline)
	19.5%
	99.6%

	Case#2 (Upper bound)
	8.6%
	44.4%

	Case#3 (Proposed solution)
	10.2%
	52.3%


*More detailed discussions on the evaluation methodologies can be found in our companion paper [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
The observations in this paper are summarized as follows. 
Observation 1: Larger performance gain can be obtained when UE measures interference from dedicated NZP CSI-RS resources for interference measurement and the interference avoidance is applied by not scheduling the mutually interfering beams.
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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Appendices
Table 2 SLS simulation assumptions in Figure 1 
	Parameters
	Values

	Scenarios 
	Dense Urban Macro layer only 
Option 1: 2 tier (7 sites with 21 cells)

	Mode
	DL MU-MIMO

	Simulation bandwidth
	80MHz (DL+UL), TDD

	Subcarrier Spacing for data
	60kHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT

	TXRU mapping weights
	2D DFT

	Criteria for selection for serving TRP
	RSRP-based.

	Criteria for beam selection for serving TRP
	RSRP-based

	Scheduling algorithm
	PF

	Link adaptation
	Based on CSI-RS.

	Traffic Model
	Full buffer

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ 

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°; 

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	N.A.

	Beam correspondence 
	Full correspondence

	Control and RS overhead
	2 symbol for control channel
Aperiodic CSI-RS  for interference measurement

	Control channel decoding
	Ideal 

	UE receiver type
	MMSE-IRC 

	BF scheme
	PMI-based

	Transmission scheme
	MU, Rank adaptation 

	UE mobility feature
	UE mobility 30km/h


Table 3 SLS simulation assumptions in Figure 2
	Parameters
	Values

	Scenarios 
	Dense Urban Macro layer only 
Option 1: 2 tier (7 sites with 21 cells)

	Simulation bandwidth
	80MHz (DL+UL), TDD

	Subcarrier Spacing for data
	60kHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT

	TXRU mapping weights
	2D DFT

	Criteria for selection for serving TRP
	RSRP-based

	Criteria for beam selection for serving TRP
	RSRP-based

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ 

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°; 

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	N.A.

	Beam correspondence 
	Full correspondence

	UE receiver type
	MMSE-IRC 

	BF scheme
	PMI-based

	UE mobility feature
	UE mobility 30km/h


Table 4 LLS evaluation assumptions for Table 1 
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Subcarrier Spacing for data
	For 30 GHz: 120kHz

	Data allocation
	N.A.

	Channel Model
	RayTracing model(Human blockage)
Height of BS 24m，Height of UE 1.2m，Height of human 1.8m
Speed：5km/h
Ray number：25
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(ray-tracing modelling)

	TXRU mapping to antenna elements
	2D DFT 

	TXRU mapping weights
	2D DFT

	Procedure of beam sweeping
	SSB+P2+P3;

	Criteria for beam selection
	RSRP-based

	UE reporting
	RSRP-based

	BS antenna configurations
	[bookmark: OLE_LINK23] (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ

	BS antenna element radiation pattern
	For 30 GHz: According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 1; 1, 1);  

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	UE mobility feature
	Refer to channel model

	UE receiver type
	MMSE-IRC

	Link adaptation
	Based on CSI-RS
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