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1. Introduction
In RAN #82 meeting, the revised WID for enhancements on MIMO for NR was approved [1], where the focus of this contribution is about the following WI objectives on multi-beam based operations and enhancements:

· 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 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
In this contribution, we discuss potential enhancements on the UL multi-beam/multi-panel operation, especially on UL STxMP (Simultaneous Transmission across Multiple Panels), and present LLS and SLS evaluation results of UL STxMP compared to Rel-15 UL single-panel selection transmission. Overall discussions and proposals on this AI are found in our contribution in [2].
2. MPUE-Assumption2 with simultaneous transmission across multiple panels
	For purpose of further discussion on this topic for RAN1#96 and future meetings

Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.

· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Agreement@RAN1#96
If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.

· Deadline for decision: RAN1#96bis


Rel-15 specifications have been designed for properly supporting a single beam based UL, e.g., by indicating a SRS resource in UL grant, and spatial relation indication of a single reference beam for SRS and PUCCH, which can also be linked to PUSCH beam determination as a reference spatial relation.

Specifically, when a UE is configured with a SRS resource set for codebook-based UL, for which 2 SRS resources are configured within the set, 1-bit SRI field exists in DCI format 0_1 which dynamically selects one SRS resource (out of the two) to be used as the PUSCH beam selection and antenna port virtualization for the scheduled PUSCH transmission. Here, for multi-panel UE in Rel-15, it is up to UE implementation on how to map and transmit each SRS resource onto which Tx panel, e.g., it is also allowed by UE implementation that both of SRS resources can be mapped to the same Tx panel and transmitted with different beams, although there exists a problem in terms of power control when UE has independent PA per panel.

Besides, there had been agreements made in RAN1#88bis regarding simultaneous Tx across multiple panels (STxMP), where it needs to be further investigated how to specify STxMP for codebook-based UL:
	Agreements@RAN1#88bis:
· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details


Specifically, the above highlighted part as “Support indication on selection of multiple SRS resources” had been agreed in RAN1#88bis but no further details to properly support the feature have been specified in Rel-15, since such multi-beam related features are postponed by RAN plenary guidance. Therefore, the discussion on these leftover issues should be continued by taking into account at least the following aspects:

· Extension on indicating TPMI/TRI fields due to the multiple SRI selection in UL DCI

· Whether and how to support inter-beam/panel co-phasing

· Whether and how to update Rel-15 UE capability on UL coherent transmission

3. Evaluation on UL simultaneous transmission across multiple panels
3.1. Link level simulation
We provide our initial evaluation results via LLS on the STxMP as follows, where the applied evaluation assumptions are summarized in Annex. Figure 1 shows UL throughput results for UL 1-panel selection transmission (as baseline) and UL STxMP. In terms of UL multi-beam operation, UL 1-panel selection transmission means that the best beam is selected across the 2 panels for PUSCH transmission. UL 2-panel STxMP means that both the 2 panels, each with one best beam selection within the panel, are used for PUSCH transmission in our evaluations. In these results, it should be noted that we assumed per-panel PA constraint reflecting a practical UE implementation case. It is shown in Figure 1 that positive throughput gains are observed all over the considered SNR points, and especially for low SNR region, above 70% throughput gains are observed, which represents the benefits from exploiting 2-panel STxMP.
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Figure 1. UL throughput results (2-panel STxMP vs 1-panel selection Tx(baseline))

Figure 2 shows BLER results for UL 1-panel selection transmission (as baseline) and UL 2-panel STxMP with the same simulation setup as above. It is shown in Figure 2 that approximately 2.8 dB SNR gains are commonly observed at 0.1 BLER point among some selected different MCS values, which shows clear benefits and importance of supporting STxMP at least for reliability/robustness, e.g., for URLLC traffic.
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Figure 2. BLER results (2-panel STxMP vs 1-panel selection Tx(baseline))

Observation 1: Compared to the best 1-panel selection based UL transmission (which is supported in Rel-15), initial LLS results show considerable throughput gains and approximately 2.8 dB SNR gain for different MCS values of 2-panel simultaneous UL transmission.
3.2. System level simulation
We also provide SLS evaluation results on the STxMP as follows, where the applied evaluation assumptions are summarized in Annex. Same assumptions on UL 1-panel selection transmission (as baseline) and UL 2-panel STxMP above are considered to evaluate system level throughput. Table 1 shows system level throughput results and the gains (cell edge, average) of UL 2-panel STxMP over UL 1-panel selection transmission. As shown in table 1, prominent cell edge throughput gain is observed from system level evaluation, which means that STxMP brings proper improvement on link gain aspect especially for poor channel quality UE. Additionally, we present system level evaluation results upon rank 1 restriction targeting URLLC scenario as shown in Table 2. It is also observed that the performance of UL 2-panel STxMP is still overwhelming UL 1-panel selection transmission especially on cell edge region.
Table 1. System level throughput results
	
	Cell edge UE throughput [Mbps]
	Average UE throughput [Mbps]

	1-panel selection
(baseline)
	3.0
(100%)
	28.2
(100%)

	2-panel STxMP
	6.6
(219.7%)
	28.9
(102.1%)


Table 2. System level throughput results upon rank 1 restriction
	
	Cell edge UE throughput [Mbps]
	Average UE throughput [Mbps]

	1-panel selection

(baseline)
	3.7
(100%)
	22.8
(100%)

	2-panel STxMP
	7.1
(191.3%)
	22.9
(100.6%)


Observation 2: For SLS, significant cell edge throughput gain (119.7%) of 2-panel STxMP over the best 1-panel selection based UL transmission (as baseline) is observed, mainly because of desired signal power boost and increasing robustness/reliability which dominates the drawback of potentially increasing interference.
Proposal 1 Support MPUE-Assumption2.
4. Conclusion
In this contribution, we discussed potential enhancements on the UL multi-beam/multi-panel operation, especially on the UL STxMP (Simultaneous Transmission across Multiple Panels), and presented LLS and SLS evaluation results of UL STxMP compared to a single-panel selection transmission as baseline. Based on the discussions above, following observations and proposal are given:
Observation 1: Compared to the best 1-panel selection based UL transmission (which is supported in Rel-15), initial LLS results show considerable throughput gains and approximately 2.8 dB SNR gain for different MCS values of 2-panel simultaneous UL transmission.

Observation 2: For SLS, significant cell edge throughput gain (119.7%) of 2-panel STxMP over the best 1-panel selection based UL transmission (as baseline) is observed, mainly because of desired signal power boost and increasing robustness/reliability which dominates the drawback of potentially increasing interference.
Proposal 1: Support MPUE-Assumption2.
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6. Annex
6.1. Evaluation assumptions for LLS

The following evaluation assumptions are used for providing the LLS results in section 3.1 regarding STxMP.

Table 3. Evaluation assumptions for STxMP
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Subcarrier Spacing for data
	For 30 GHz: 120kHz

	Data allocation
	8 RB

	Channel Model
	CDL-A (delay spread =100ns, UE speed=3km/h)

	TXRU mapping to antenna elements
	2D DFT based beam per polarization

	BS antenna configurations
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 2). (dV, dH) = (0.5, 0.5) λ

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

	UE mobility feature
	Add-on features including UE mobility, rotation, blockage, etc.are not applied

	Transmission scheme
	Multi-antenna port transmission schemes (Eigen beamforming with ideal channel estimation)

	MIMO mode
	SU-MIMO

	Link adaptation
	Based on ideal channel estimation


6.2. Evaluation assumptions for SLS

The following evaluation assumptions are used for providing the SLS results in section 3.2 regarding STxMP.

Table 4. Evaluation assumptions for STxMP
	Parameters
	Values

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

	Mode
	UL SU-MIMO

	Simulation bandwidth
	80 MHz

	Subcarrier Spacing for data
	120 kHz

	Channel Model
	NR UMa in TR 38.901

	Criteria for selection for serving TRP
	RSRP based serving TRP attachment

	Criteria for beam selection for serving TRP
	1-panel selection Tx : The best single beam is selected across the 2 panels

2-panel STxMP : both the 2 panels are always used, each with one best beam selection within the panel

	Scheduling algorithm
	PF scheduler

	Link adaptation
	Based on SRS

	Traffic Model
	Full buffer

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 8). (dV, dH) = (0.5, 0.5) 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
	According to TR38.802

	Inter-panel calibration for UE
	Ideal calibration is assumed

	Control and RS overhead
	PDCCH (2 symbols), DMRS Type 2, SRS (5 ms periodicity)

	Control channel decoding
	Ideal

	Rx receiver type
	MMSE-IRC

	Hybrid ARQ
	Maximum 4 transmissions

	BF scheme
	UL 1-panel best beam selection (as baseline) and UL 2-panel STxMP

	Transmission scheme
	Codebook based UL transmission

	Metrics
	Average UE throughput, 5% UE throughput

	UE mobility feature
	Add-on features including UE mobility, rotation, blockage, etc. are not applied
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