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1. 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 multi-panel/TRP based beam measurement, group based beam reporting, DL beam indication, UE panel activation/de-activation and DL/UL simultaneous transmission have been discussed in our companion contribution [2]. 
In this contribution, we further discuss evaluation on UL simultaneous transmission for multi-panel operation, involving UL transmission approaches of panel-selection and multi-panel simultaneous operation, in both single and multi-TRP scenarios.
2. Evaluation on UL single-TRP scenarios
2.1 Evaluation assumptions 

In this section, we evaluate UL simultaneous transmission in one single TRP case. In the setup, we have 4 panels 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 Rx analog beam sweeping, while both two UE panels with dual-polarization are used for Tx analog beam sweeping at UE side. In this case, UE speed is set as 3km/h. This evaluation scenario can be found in Figure 1.
· Regarding UE panel-selection for UL single panel operation, 
· In UE side, one best Tx beam and its corresponding panel is selected with the objective of maximizing RSRP according to UL beam measurement; 
· In gNB side, only one best Rx beam corresponding to the above selected UE Tx beam is selected to be used for all four TRP panels in this simulation.
· Regarding UL simultaneous multi-panel operation, 
· In UE side, one best Tx beams per UE panel is selected with the objective of maximizing RSRP according to UL beam measurement
· In gNB side, with the objective of maximizing RSRP, one best RX beam per UE-panel-specific selected Tx beam is determined to be used for different TRP panel set, each of which comprise two independent TRP panels.
Notices that, in order to keep the fairness of this evaluation, four TRP panels, i.e., a total of 8 Rx ports, are used for UL transmission irrespective of panel–selection or simultaneous transmission approaches. Some more details on evaluation assumption can be found in Annex.
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Figure 1 UL transmission of (a) panel-selection and (b) multi-panel simultaneous operation in a single TRP
2.2 Performance results 
In this section, we evaluate spectral efficiency for UL transmission approaches of panel-selection and multi-panel simultaneous operation in a single TRP. The results are shown in Figure 2 and Table 1. From the evaluation results in single TRP, it can be observed that the approach of multi-panel simultaneous operation can obtain significant performance gain compared with that of panel selection, regardless of 5% cell-edge, 50%-ile and 95%-ile UE. In terms of average spectral efficiency, the performance gain introduced by multi-panel simultaneous operation can be up to 11.87%. The performance gain is possibly due to higher number of layers or diversity.
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Figure 2 CDF of spectral efficiency for UL transmission in a single TRP case
Table 1
Spectral efficiency for UL transmission in a single TRP case
	
	UE panel selection
	Multi-panel simultaneous transmission

	Average
	19.4087
(100%)
	21.7119
(+11.87%↑)


Observation 1: From the evaluation results, it can be observed that the performance of multi-panel simultaneous transmission outperforms UE panel selection in single TRP case. 
· In terms of average spectral efficiency, the performance gain of multi-panel simultaneous transmission is up to 11.87% over UE panel selection
3. Evaluation on UL multi-TRP scenarios
3.1 Evaluation assumptions 

In this section, we evaluate UL simultaneous transmission in one multi-TRP case. In the setup, we have 2 TRPs, each of which has 4 panels, 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 Rx analog beam sweeping, while both two UE panels with dual-polarization are used for Tx analog beam sweeping at UE side. In this case, UE speed is set as 3km/h. This evaluation scenario can be found in Figure 3.
· Regarding UE panel-selection for UL single panel operation, 
· In UE side, one best Tx beam and its corresponding the pair of UE panel and TRP, i.e., TRP&panel-attachment, are selected with the objective of maximizing RSRP according to UL beam measurement; 
· In gNB side, only one best Rx beam corresponding to the above selected UE Tx beam and TRP is selected to be used for all four TRP panels in this simulation.
· Regarding UL simultaneous multi-panel operation, 
· In UE side, one best Tx beam and its corresponding TRP per UE panel are selected with the objective of maximizing RSRP according to UL beam measurement. In this case, these two UE panels can be attached with the same TRP or different TRP.
· In gNB side, with the objective of maximizing RSRP, the different best RX beam per UE-panel-specific selected Tx beam is determined to be used for different TRP/panel, respectively. According to the attachment result per UE panel, one corresponding set of two TRP panels is introduced for the subsequent data transmission. To be more specific, 
· if two UE panels are both attached with the same TRP, four TRP panels of the TRP are used for the subsequent transmission. The Rx beam of the first and second panels of the TRP is determined according to the first UE panel; the Rx beam of the third and fourth panels of the TRP is determined according to the second UE panel.
· if two UE panels are attached with different TRPs, two panels per each of two TRPs are selected for the subsequent transmission. The Rx beams of these TRP panels are determined according to the selected UE Tx beam of its corresponding UE panel, separately.
In order to keep the fairness of this evaluation, four TRP panels, i.e., a total of 8 Rx ports, are used for UL transmission irrespective of panel–selection or simultaneous transmission approaches. Some more details on evaluation assumption can be found in Annex.
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Figure 3 UL transmission of (a) panel-selection and (b) multi-panel simultaneous operation in a multi-TRP case
3.2 Performance results 

In this section, we evaluate spectral efficiency for UL transmission approaches of panel-selection and multi-panel simultaneous operation in a multi-TRP scenario. The results are shown in Figure 4 and Table 2. From the evaluation results in multi-TRP case, it can be observed that the approach of multi-panel simultaneous operation can obtain significant performance gain compared with that of panel selection, especially for 50%-ile and 95%-ile UE. In terms of average spectral efficiency, the performance gain introduced by multi-panel simultaneous operation can be up to 19.99%. Due to more independent Tx-Rx beam links, we can observe that the approach of multi-panel simultaneous operation can obtain more efficient gains in the multi-TRP case, compared with the single-TRP case.
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Figure 4 CDF of spectral efficiency for UL transmission in a multi-TRP case 
Table 2
Spectral efficiency for UL transmission in a multi-TRP case
	
	UE panel selection
	Multi-panel simultaneous transmission

	Average
	19.6094
(100%)
	23.5298
 (+19.99%↑)


Observation 2: From the evaluation results, it can be observed that:

· Performance of multi-panel simultaneous transmission significantly outperforms UE panel selection in a multi-TRP case.

· Multi-panel simultaneous transmission can be increasingly enhanced by introducing more TRPs for UL transmission. 

Based on the above observations, UL simultaneous transmission approach can obtain significant performance gains over the panel-selection based approach in both single and multiple TRP cases, especially for multi-TRP cases. Therefore, in Rel-16, UL simultaneous transmission for multi-panel operation should be supported. 
Proposal: UL simultaneous transmission for multi-panel operation should be supported in Rel-16.  
4. Conclusion

In this contribution, UL simultaneous transmission for multi-panel operation are discussed and analyzed here. The observations from evaluation results and the proposal for UL simultaneous transmission are summarized as below.

Observation 1: From the evaluation results, it can be observed that the performance of multi-panel simultaneous transmission outperforms UE panel selection in single TRP case. 
· In terms of average spectral efficiency, the performance gain of multi-panel simultaneous transmission is up to 11.87% over UE panel selection

Observation 2: From the evaluation results, it can be observed that:

· Performance of multi-panel simultaneous transmission significantly outperforms UE panel selection in a multi-TRP case.

· Multi-panel simultaneous transmission can be increasingly enhanced by introducing more TRPs for UL transmission. 

Proposal: UL simultaneous transmission for multi-panel operation should be supported in Rel-16.  
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Annex
Table 4 Simulation assumptions for link-level simulation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Subcarrier Spacing
	120 kHz

	Transmission SNR
	10 dB

	Channel Model
	CDL-A model
· delay spread =100ns

· UE speed=3km/h.  

· The angle of BS, i.e., AoD, are uniformly distributed within [-60, 60] degrees in azimuth domain, and that of UE, i.e., AoA, are uniformly distributed within [-180, 180] degrees in azimuth domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.

	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.

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	BS antenna element radiation pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna configurations
	(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;

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

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

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

	Transmission scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	MIMO mode
	SU-MIMO

	Coupling lose mode between first and second TRPs
	Uniform distribution from 0 dB to -25dB in term of dB domain


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