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Introduction
In RAN#80 meeting, a new WID for enhancement of NR-MIMO has been approved for Rel-16 [1]. Regarding multi-beam operation as one of the objectives in the WID, our recommended potential enhancements on multi-beam operation including UL simultaneous transmission, group based beam reporting, UE panel activation/de-activation, spatial relation update for multiple PUCCH resources, MAC-CE based spatial relation update for AP-SRS, beam failure recovery for SCell and L1-SINR reporting have been discussed in our companion contribution [2]. 
In this contribution, we further discuss and provide details and SLS evaluation results on L1-SINR measurement and reporting, involving L1-RSRP, L1-SINR without IMR index(es) to be reported and L1-SINR with IMR index(es) to be reported.
Evaluation assumptions 
In this section, we evaluate DL transmission performance according to L1-SINR/L1-RSRP reporting in one single TRP case through system-level simulation in the indoor hotspot scenario. In the setup, we have 4 panel/subarrays at TRP side and two panels (back to back) at the UE side. Each panel contains two TXRUs for dual-polarization. TRP and UE sweep all Tx-Rx beam pairs with oversampling factor of (O1, O2) = (1, 1). One fixed TRP panel with dual polarization is used at TRP side for Tx analog beam sweeping, while both two UE panels with dual-polarization are used for Rx analog beam sweeping at UE side. In this case, UE speed is set as 3km/h. This evaluation scenario for group based reporting/transmission is the same as single-TRP LLS simulation, as shown in our companion contribution [3].
· Regarding definition of metric of beam reporting, 
· L1-RSRP: Linear average over the power contribution (in [W]) of the resource elements carrying RS; 
· In this case, interference beams are not considered for beam selection for reporting.
· L1-SINR without IMR index(es) to be reported: Linear average over the power contribution (in [W]) of the resource elements carrying RS divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying RS.
· In this case, interference beams are considered for channel beam selection for reporting based on this metric.
· L1-SINR with IMR index(es) to be reported: Linear average over the power contribution (in [W]) of the resource elements carrying RS divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying RS and the resource elements of interference measurement resource (IMR).
· In this case, interference beams are considered for both channel and interference beam selection and the corresponding CRI reporting based on this metric.
· The IMR is associated with the RS for CMR in the reporting configuration.
· Regarding format of beam reporting 
· Reporting without IMR index(es) to be reported under group based reporting
· In UE side, one best Rx beams per UE panel is selected with the objective of maximizing L1-RSRP/L1-SINR according to DL beam measurement.
· In gNB side, two best TX beams, each of which is determined per UE-panel, are reported and subsequently are used for different TRP panel set, each of which comprises one independent TRP panels, i.e., first or second TRP panel in this simulation.
· Reporting with IMR index(es) to be reported under group based reporting
· In UE side, one best Rx beams per UE panel is selected with the objective of maximizing L1-RSRP/L1-SINR according to DL beam measurement.
· In gNB side, two best TX beams, each of which is determined per UE-panel, are reported and subsequently are used for different TRP panel set, each of which comprises one independent TRP panel, i.e., first or second TRP panel in this simulation.
· Low-interference beam list, i.e., the indexes of IMRs, is reported for the two best Tx beams, where, for each UE panel, the received power of low interference beam(s) should be below 15-dB over its corresponding best Tx beam.
· Regarding interference beam
· In the case of reporting without IMR index(es)
· SINR measurements in beam management is based on intra-cell and inter-cell interference within a measurement window.
· For data transmission, MU-MIMO scheduling is performed with the objective of maximizing system throughput. 
· In the case of reporting with IMR index(es)
· For SINR measurement in beam management, each Tx beam of the serving TRP is generated to NZP-CSI-RS based IMR for intra-cell interference measurement, besides the measurement of intra-cell interference within a window. A list of low interference beams is obtained after SINR measurement
· For data transmission, up to 2 UEs in the MU-MIMO scheduling can be paired according to each of corresponding results of low-interference beams to be reported, besides maximizing the system throughput.
Some more details on SLS evaluation assumption can be found in Annex.
Discussion
In this section, we evaluate system-level performance in the indoor hotspot scenario for the beam reporting of L1-RSRP and SINR with/without IMR index(es) to be reported, under group based approach. The baseline is L1-RSRP scheme. The results are shown in Table 1. From the evaluation results, it is observed that
· L1-SINR reporting without reporting of low-interference beam offers similar performance to legacy L1-RSRP (Even some performance degradation can be observed in terms of mean throughput and 50-ile UE). 
· However, L1-SINR reporting with IMR index(es) to be reported, i.e., reporting of low interference beams have significant performance gain over legacy L1-RSRP (+17.28% and +151.834% in terms of mean throughput and cell-edge throughput, respectively). Through finding the low-interference beams corresponding to the best Tx beam, gNB can schedule the MU Tx beams from the list of low-interference beams and prevent from some strong interference.
Table 1 Throughput performance for L1-RSRP, L1-SINR without/with IMR index(es) to be reported in indoor hotspot
	
	RU
	Mean Tput.
(Mbps)
	5% Tput.
(Mbps)
	50% Tput.
(Mbps)
	95% Tput.
(Mbps)

	L1-RSRP
	47.47%
	427.95
	69.04
	414.25
	860.37

	L1-SINR without IMR index(es) to be reported
	46.62%
	425.12
(-0.66%↓)
	75.92
(+9.97%↑)
	404.27
(-2.41%↓)
	883.01
(2.63%↑)

	L1-SINR with IMR index(es) to be reported
	36.83%
	502.52
(+17.42%↑)
	173.86
(+151.83%↑)
	486.3
(+17.39%↑)
	932.07
(+8.33%↑)


The CDFs of low interference beam ratio for L1-SINR with up to X IMR to be reported, and L1-SINR without upper bound for maximum number of IMR(s) to be reported are provided in Figure 1. 
· The low interference beam ratio denotes the ratio of the number of reported beams with low interference (i.e. satisfying the aforementioned 15dB low interference threshold) to the total number of candidate beams for interference measurement. In this simulation where the set of 32 NZP-IMR resources is configured, when 4 IMR(s) are reported, the low interference beam ratio is 4/32=12.5%.
In term of L1-SINR with up X IMR indexes, a constant low interference beam ratio is obtained when X is no more than 8.  This means UEs can always find at least 8 interference beams satisfying the low interference threshold.  However, if X is no less than 12, the ratio increases at first and eventually reaches the upper bound of X. Besides, the ratio of low interference beam(s) increases if there is no upper bound on X. It can be observed that, when the low-interference beam ratio is equal to 50%, the CDF value is 8%.  This means the probability of finding more than 50% low-interference beam(s) from the whole DL candidate beam pool can be up to 92%, which means that the sufficient number of low-interference beam(s) can be usually found for pairing multiple UE(s) to be co-scheduled simultaneously with low intra/inter-cell interference.
Subsequently, we consider the system performance as the function of the number of IMR index(es) to be reported. The simulation results can be found in the Table 2, where the maximum number of reporting low-interference beam is limited to X, where X can be 4,8,12 and 16. Note that L1-SINR without upper bound for IMR reporting refers to the L1-SINR with IMR to be reported in Table 1.
· It can be observed that L1-SINR up to X IMR indexes still obtains remarkable performance gain than L1-RSRP if appropriate value is chosen for X. For instance, when up to 4 IMR indexes is reported (same overhead as Rel-15 RSRP reporting), the performance gains over the basic solution of L1-RSRP is +19.34%↑ and +146.71%↑ in terms of mean UPT and 5%-edge UPT, respectively. Besides, some performance degradation over the best one with X=8, can be observed with the increase of X, which is due to the fact that the larger interference for MU-MIMO is experienced through reporting more IMRs with SINR which is not high enough.
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[bookmark: _GoBack]Figure 1 CDF of low interference beam ratio for L1-SINR with up to X IMR(s) and with no upper bound for number of IMR(s) to be reported
Table 2 SLS results for L1-RSRP, L1-SINR with up to X IMR indexes and L1-SINR without upper bound for IMR reporting
	
	RU
	Mean Tput.
(Mbps)
	5% Tput.
(Mbps)
	50% Tput.
(Mbps)
	95% Tput.
(Mbps)

	L1-RSRP
	47.47%
	427.95
	69.04
	414.25
	860.37

	L1-SINR with up to 4 IMR indexes
	36.58%
	510.7
(+19.34%↑)
	170.33
(+146.71%↑)
	500.81
(+20.90%↑)
	932.07
(+8.33%↑)

	L1-SINR with up to 8 IMR indexes
	36.49%
	511.6
(+19.55%↑)
	171.2
(+147.97%↑)
	500.81
(+20.90%↑)
	932.07
(+8.33%↑)

	L1-SINR with up to 12 IMR indexes
	36.56%
	509.72
(+19.11%↑)
	172.07
(+149.23%↑)
	493.45
(+19.12%↑)
	932.07
(+8.33%↑)

	L1-SINR with up to 16 IMR indexes
	36.56%
	508.43
(+18.81%↑)
	177.54
(+157.16%↑)
	493.45
(+19.12%↑)
	932.07
(+8.33%↑)

	L1-SINR without upper bound for IMR reporting
	36.83%
	502.52
(+17.42%↑)
	173.86
(+151.83%↑)
	486.3
(+17.39%↑)
	932.07
(+8.33%↑)


Observations: From the system-level evaluation results, it can be observed that:
· Under the case without IMR resources for reporting, L1-SINR reporting can NOT obtain any performance gains over L1-RSRP.
· But, L1-SINR reporting with IMR can obtain a significant performance gains over L1-RSRP and L1-SINR without IMR, through reporting low-interference beam information using indexes of IMR.
· Sufficient number of low-interference beams can be identified to enable multiple UE(s) co-scheduled simultaneously with low intra/inter-cell interference.
· L1-SINR with limited number of IMR index(es) to be reported, e.g., up to 4 IMRs, obtains similar (slightly better) performance gain compared to the case  which has no upper bound on the number of reported IMR indexes. 
Proposals: In L1-SINR reporting, information of low-interference beams, i.e., index(es) of IMR, should be reported along with L1-SINR.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, beam reporting for L1-RSRP, L1-SINR without IMR index(es) and L1-SINR index(es) with IMR are discussed and analyzed here. The observations from evaluation results and the proposals for L1-RSRP, L1-SINR without IMR and L1-SINR with IMR measurement and reporting are summarized as below.
Observations: From the system-level evaluation results, it can be observed that:
· Under the case without IMR resources for reporting, L1-SINR reporting can NOT obtain any performance gains over L1-RSRP.
· But, L1-SINR reporting with IMR can obtain a significant performance gains over L1-RSRP and L1-SINR without IMR, through reporting low-interference beam information using indexes of IMR.
· Sufficient number of low-interference beams can be identified to enable multiple UE(s) co-scheduled simultaneously with low intra/inter-cell interference.
· L1-SINR with limited number of IMR index(es) to be reported, e.g., up to 4 IMRs, obtains similar (slightly better) performance gain compared to the case  which has no upper bound on the number of reported IMR indexes.
Proposals: In L1-SINR reporting, information of low-interference beams, i.e., index(es) of IMR, should be reported along with L1-SINR.  
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Appendix: 
Table 3 Simulation assumptions for indoor-hotspot system-level evaluation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	Constraints for the range of selective beams per TRP sector
	All panels are attached with one TRP
· Step-1:   Single TX/RX subelement - without TX/RX beamforming  
· The first sub-element per panel is used with single-pol. 
· The best TRP is selected cross all UE panels, in terms of coupling loss;
· Step-2:  With analog TX/RX beamforming, one best Tx-Rx beam pair is selected per UE panel according to the TRP identified in step-a.       

	ISD
	20m

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1), (dV,dH) = (0.5, 0.5)λ
Boresight direction is perpendicular to the ceiling

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See wall-mount in Table A.2.1-7 in TR 38.802

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

	BS antenna height
	3m

	UE antenna height
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 3km/h,
10 users per BS 

	UE receiver type
	MMSE-IRC 

	Transmission scheme
	MU, Rank adaptation 


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption for beam management in eNR-MIMO.
4

image1.jpeg
0.9 E
0.8 E
0.7 g
0.6 E
L
005 |
O
0.4 i
0.3 E
0.2 ——Upto4 IMR indexes |l
' —— Up to 8 IMR indexes
0.1 — Upto 12 IMR indexes | |
' — Up to 16 IMR indexes
0 ‘ ; ‘ — Without upper bound
0 0.2 04 0.6 0.8 1

Low-Interference-Beam-Ratio




