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1. General motivation

According to the agreement in RAN#84 [RP-191551], discussion on MIMO enhancement will start in September as a potential work area for Rel-17.

In Rel-16, several NR-MIMO features have been introduced as enhancements based on Rel-15 specifications, which include CSI enhancement for MU-MIMO, enhancements on multi-TRP/panel transmission for both ideal and non-ideal backhaul scenarios, enhancements for full TX power UL transmission and low PAPR RS, and enhancements on multi-beam operation such as enabling Scell BFR, introducing L1-SINR metric as beam reporting, and reducing overhead and latency of existing DL/UL beam management mechanisms. 

Although some parts of the above technical improvements are expected to be properly reflected in Rel-16 NR specifications, both topics on multi-TRP/panel transmission and multi-beam operation have still shown some important left-over issues to be continued for further technical enhancements including valuable related topics additionally found during the course of discussion in Rel-16.
Especially, multi-panel based UE implementation is one of the key distinguished features for NR devices, where each UE panel experiences different wireless channel condition and uses different beams and different hardware components/conditions. It is a very typical way of implementing FR2 UE devices. In addition, NR UE business is not only limited to handheld type of devices but also includes at least vehicles, IoT/MTC devices, drones, and IAB nodes. Therefore, it should also be noted that UE multi-panel implementation is applicable to FR1 as well as FR2, as already captured as antenna models for vehicle UEs in TR 37.885 for an example. However, NR supports very limited functionality for such UEs, e.g. dynamic selection of single panel with a common PA across multi-panels, which seriously degrades NR UE performance and also limits the expansion of NR UE business. 

In this paper, we propose several technical aspects to be included in work scope discussion for Rel-17 NR-MIMO enhancements.

2. Proposal on the scope of further enhancement of NR-MIMO
Based on the discussion in Section 1, UL enhancements for UE multi-panel transmission considering both single TRP reception and multi-TRP reception scenarios need to be pursued in Rel-17, especially for supporting UL simultaneous transmission across multiple UE panels (STxMP) from multiple activate UE Tx panels to greatly enhance robustness and reliability of communication links as well as provide ample throughput improvement as observed in Rel-16 discussions. Such panel-specific UL transmission should naturally accommodate panel-specific UL power control and timing control aspects into consideration. In addition, UEs with non-co-located panels (as identified in the UE panel modelling in TR37.885) need to be taken into account, including practical aspects of panel implementation such as different line delay/loss from a modem to each panel.

Also, DL enhancements for multi-TRP/panel transmission considering both single UE panel reception and multiple UE panel reception scenarios need to be continued. CSI feedback enhancement for non-coherent joint transmission (NC-JT) is one of the promising technical areas for enhancements considering that the number of CSI reports will be substantially increased to support NC-JT as the number of cooperative TRPs is increased. Furthermore, in order to harvest potential NC-JT gain fully, inter-layer interference from multi-TRP/panel needs to be reflected in CSI. In addition, codeword-to-layer mapping needs to be enhanced to provide separate link adaptation and HARQ per TRP for rank less than or equal to 4 for single DCI-based NC-JT which is an efficient tool at least for ideal backhaul case. Enhancements on DL beam management for multi-TRP/panel transmission need to be taken into account since the focus of Rel-16 has been in FR1. 

For beamforming based operation especially for FR2, the issues on losing a serving beam frequently due to beam blockage and/or UE mobility/rotation are reported during the course of Rel-15/16 discussions. Although beam failure recovery (BFR) procedure is introduced for PCell/PScell in Rel-15 and extended for Scell in Rel-16, it is applicable only when all serving beams are failed for the serving cell, acting as a complement to RLF procedure. Given the fact that UE is the one who can sense any change of the best DL beam, introduction of a new UE event driven/based beam management needs to be considered, targeting for RS/reporting overhead reduction and latency reduction compared to the existing BFR procedure.

Based on the discussions above, the following aspects are suggested to be included in the work scopes of further enhanced NR-MIMO for Rel-17:

· UL enhancements for UE multi-panel transmission, considering both single TRP reception and multi-TRP reception scenarios

· Mechanism(s) to support UL simultaneous transmission from multiple activate UE Tx panels

· Panel-specific UL power control 
· Panel-specific UL timing control 
· Enhancements for UEs with non-co-located panels

· DL enhancements for multi-TRP/panel transmission, considering both single UE panel reception and multiple UE panel reception scenarios

· Enhancement on CSI feedback for efficiently supporting NC-JT

· Enhancements on codeword-to-layer mapping for supporting separate link adaptation and HARQ per TRP for rank less than or equal to 4.

· Enhancements on DL beam management for multi-TRP/panel transmission 

· UE event driven/based beam management for faster and more efficient DL beam management
3. Appendix: performance gains of STxMP
Both Rel-15 and Rel-16 have a shortcoming that UE cannot use both panels for UL transmission except for using a spec-transparent way (e.g. SFN-like transmission). Enabling STxMP by specification would give following benefits. 
First of all, reliability/stability of communication link is more than important for FR2 and FR3 operation, not only for URLLC applications but also for eMBB applications. It is because of the limited spatial coverage due to beamforming and the worse propagation characteristic at high frequency. Therefore, a single panel/beam based operation is vulnerable to UE mobility/rotation and beam blockage so that the use of multiple panels/beams will give better user experience via preventing a frequent blinking of communication link. 
Second, STxMP can improve resource utilization and latency for both network and UE. So far, simultaneous transmission of different UL channels/signals has been strictly restricted for conserving UL coverage. For STxMP UEs, the restriction can be relaxed because the power amplifier can be separated per panel. With this assumption, network can have better flexibility for allocating different UL channels/signals for same or different UEs. It also helps to reduce latency by supporting multiplexing of UL signals/channels more aggressively. 
Third, STxMP can improve user throughput. If STxMP is used for same layer/TB repetition across panels, it can improve SNR of the layer/TB. If STxMP is used for different layer transmission across panels, it can provide more chances for higher rank transmission. Either approach gives gain in terms of user throughput. 
In the following sub-sections, we provide some simulation results comparing STxMP and single panel transmission.
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 Section 3.3. 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 Section 3.4. 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.
3.3. 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


3.4. 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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