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1 Introduction
In RAN#101, there was an in-depth offline/online discussion on Rel-19 MIMO evolution, and, through reviewing companies input, we have the following outcome [1] as a starting point for further identifying objectives for Rel-19 MIMO evolution WID. 
	Topic 1: Beam management enhancements to reduce overhead/latency through UE-initiated/event-driven beam management
Objective 1. Signalling/mechanism to facilitate UE-initiated beam management procedure including UE-initiated beam reporting/switch
[bookmark: _Hlk152063117]Topic 2: Enhancements to CSI framework to support > 32 (64/128) CSI-RS ports
Objective 1: Type I codebook enhancements to support > 32 CSI-RS ports
Objective 2: Type II codebook enhancements to support > 32 CSI-RS ports
Objective 3: Hybrid beamforming enhancements (CRI based reporting enhancements)
Note 1: Extension of legacy codebooks and legacy CSI-RS resources
Note 2: Objective 3 may require further study or clarification.
Topic 3: CJT/DL multi-TRP enhancements
Objective 1: UE-assisted calibration reporting of delay and frequency/phase offsets for CJT with non-ideal synchronization and backhaul
Note: Assume legacy CSI-RS design and standalone aperiodic reporting on PUSCH.
Topic 4: UL enhancements
Objective 1: STxMP enhancements (e.g. Simultaneous TX of PUCCH and PUSCH, Asymmetric panel implementations, mDCI PUCCH + PUCCH, STxMP with up to rank 8, Coherent SFN STxMP)
Objective 2: Enhancements for UL 3Tx including 3Tx for UL codebook and non-codebook based transmission
Topic 5: Enhancement for asymmetric downlink S-TRP/UL M-TRP scenario assuming intra-band intra-cell non-co-located M-TRP scenarios without changing existing cell definition or defining a new cell
Objective 1: Extension of Rel-18 2TA mDCI to sDCI assuming legacy PRACH resources
Objective 2: Separate UL power control for SRS only to downlink S-TRP from SRS to UL M-TRP and introduce path loss measurement to uplink M-TRP
Topic 6: 6Rx/8Rx UE enhancements with lower complexity utilizing two segments of 3/4 Rx antenna units up to 8-layer DL Tx based on legacy codebook and legacy codeword to layer mapping
Objective 1: SRS antenna port grouping, CSI and codeword association to the segments of receive antenna.


In this contribution, we elaborate the candidate topics for MIMO evolution in Rel-19 (with comprehensive evaluation result(s) and corresponding EVM(s)), and then provide our detailed recommendation. 
2 Discussion on Rel-19 MIMO evolution
2.1 Topic-1: UE-initiated/event-driven beam management
The legacy beam management procedure (from NR Rel-15 to Rel-18) is performed via P/SP/AP-beam report (NW-configured/triggered) + TCI/spatial relation indication, i.e., handled by NW, except for UE-initiated/event-driven beam failure recovery (BFR) which is dedicated to handling the sudden blockage, i.e., beam failure for all DL control channels, as a supplement. The commercial results from real-field prove the effectiveness of this procedure. 
Based on companies’ input in RAN1#101, several infra/UE vendors and operators, especially for UE vendors, propose the further enhancement on UE-initiated/event-driven beam management. Then, at least the following issues should be handled firstly for identifying the specific objectives for this enhancement.
UE-initiated beam reporting vs switch
From NW perspective, first of all, we need to guarantee that the UE-initiated beam management should NOT impact the transmission of other scheduled UE while serving a plurality of UE(s) simultaneously in NW. Considering the fact that gNB may only transmit a single TX analog beam (or very limited beams) in hybrid beam-forming architecture (in FR2), the legacy UE indication procedure should remain. Meanwhile, through Rel-17 and Rel-18 evolution for unified TCI framework, the latency for beam indication has been reduced significantly. However, there was no further enhancement on UE-initiated beam report procedure since introducing BFR procedure in Rel-15. In short, we should only focus on UE-initiated beam report procedure for Topic-1, rather than both of beam report and indication.  
Potential overlapping with event-triggering L1 report in LTM
In RAN1#101, we have the following outcome for Rel-19 L1-trigger mobility (LTM), and event-triggered L1 measurement reporting for triggering LTM was agreeable. Then, there is clearly overlapping between the following and this Topic-1, considering that both of them are based on L1-RSRP beam measurement and report. 
	Based on the RAN#101 offline discussion the following objectives should be agreeable:
· Specify support for inter -CU Layer 2 Mobility (LTM)
· Next level questions still to be discussed/decided:
· Whether to support cases where CU is acting as MN, and when CU is acting SN?
· For case where CU is acting as SN, whether it is support for EN-DC and/or NR-DC?
· In answering the above questions, focus should be practical deployments.
· Measurements related enhancements for purpose of supporting LTM:
· Specify event triggered L1 measurement reporting for triggering LTM
· Specify support for CSI-RS measurements for LTM procedures and enable CSI-RS based beam management and/or other physical layer operations on candidate cells before LTM


In our views, in Rel-19 MIMO, we may focus on UL signaling content(s) and UL signaling medium/container, and then triggered event can be identified in Rel-19 mobility. 
· Regarding UL signaling content(s), the legacy L1-report of L1-RSRP + CRI/SSBRI can be reused. It should be noticed that, as a supplement report, the report overhead should be very limited (otherwise, benefits of more timely report yet with reduced reporting overhead become questionable), and only one pair of L1-RSRP (optional) and CRI/SSBRI should be delivered as a starting point (for instance, in BFR procedure, only new beam identification information (e.g., like CRI/SSBRI) is reported). 
· Regarding UL signaling medium/container, besides for MAC-CE, UCI-based mechanism becomes another competitive option for achieving more timely report. With reserved UL resources or being based on CG-PUSCH, compared with MAC-CE, UCI based mechanism can further save scheduling request procedure for an available UL-SCH resources (carrying the MAC-CE). For instance, in a typical configuration, SR periodicity is 5~10 ms, and then gNB PUSCH scheduling latency after receiving SR is ~ 3ms.  
Transmission occasion for UL reserved/configured-grant resource 
Regarding UL signaling medium/container, for either MAC-CE or UCI-based mechanism, we have to use some UL reserved/configured-grant resource (e.g., SR). But, unfortunately, although we have further extension of dynamic beam (unified TCI) update to UL resource (e.g., PUCCH), transmission occasion (e.g., time-domain offset) still can NOT be updated simultaneously. In NW, considering UE mobility while serving multiple UEs, there is serious misalignment between cell-specific/pre-determined beam switching pattern in time-domain and dynamic TCI update. Therefore, transmission occasion should be update simultaneously in such case as shown in Figure 1.


Figure 1 Updating transmission occasion (TO) of reserved/configured-grant resource (e.g., SR) based on the indicated TCI state
Proposal 1: Regarding Topic-1, UE-initiated//event-driven report can be enhanced in order to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency. 
· While considering potential overlapping with Rel-19 mobility enhancement, UL signaling content(s) and UL signaling medium/container should be focused in MIMO objectives.
· To balance dynamic beam update and NW resource overhead, transmission occasion for reserved UL resource (as an indispensable part for UL signal medium/container) can be updated simultaneously via indicated TCI state. 
2.2 [bookmark: _Hlk152148546]Topic-2: Enhancements to CSI framework to support > 32 (64/128) CSI-RS ports
With MIMO evolution from LTE to NR (then to NR-Advanced), increasing number of antennas for single site becomes eternal topic due to well addressing issue of coverage and higher DL/UL spectrum efficiency. While benefiting from new available frequency bands (e.g., 4.9GHz and U6G), deploying more antennas within a fixed sized array (e.g., under a requirement of less than 0.5 meter in horizontal in UMa) becomes possible. 
In RAN1#101, based on companies’ input, a lot of infra/UE vendors and operators, especially for infra vendors and operators, propose the further enhancement on CSI framework to support > 32 (64/128) CSI-RS ports. To be more specific, we may focus on the following three sub-topics:
· Type-I codebook refinement supporting up to a total of 128 CSI-RS ports 
· For legacy Type-I codebook, we have respective functionalities for different number of CSI-RS ports. With the increase of number of CSI-RS ports, the structural CSI codebook (e.g., being based on TypeI-CSI with >16 ports) or wideband linear combination (e.g., being based on up to 4 SD-basis(es) as in Rel-15 Type-II through wideband Rxx) can be assumed as two candidates for further enhancement.  
· Type-II codebook refinement supporting up to a total of 128 CSI-RS ports
· While considering general functionality of Type-II codebook, based on extension of legacy codebooks, introducing additional values for the number of ports codebook parameter(s) should be considered as a starting point, and then we may study any further report reduction, if identified.  BTW, there are several Type-II codebook(s) since Rel-15, and, in our views, Rel-16 eTypeII CSI should be studied firstly.
· Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming
· For hybrid beamforming, we can consider the extension of up to 32 CSI-RS ports per resource (over up to 8 CSI-RS ports), and then one or more CRI reports for facilitating MU-MIMO pairing without new codebook design. However, the enhancement of UE-dedicated analog beam-forming should be avoided considering multiple UEs can be simultaneously served in NW, even in SU-MIMO (FDM).
Through our SLS, the corresponding evaluation results over legacy 32T can be found in Figure 2. Then, it can be observed that, introducing CSI framework for supporting 64/128 CSI-RS ports can bring a significant throughput improvement, not only for cell-edge UE but also for average UPT. The detailed EVM can be found in the appendix. 
[image: ]
Figure 2 Evaluation results for DL throughput gain in SU-MIMO while having 64/128-T massive MIMO 
Proposal 2: Regarding Topic-2, CSI framework to support > 32 (64/128) CSI-RS ports can be enhanced in order to increase number of antennas in sTRP due to potential issue of coverage and support of higher DL/UL spectrum efficiency (e.g., in 4.9GHz and U6G)
· Type-I codebook refinement supporting up to a total of 128 CSI-RS ports 
· Type-II codebook refinement supporting up to a total of 128 CSI-RS ports
· Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming
2.3 Topic-3: CJT/DL multi-TRP enhancements
In R18, due to urgent commercial requirement of downlink spectral efficiency and coverage gain (especially for sub-GHz), CSI codebook and SRS interference randomization for CJT/DL multi-TRP has been enhanced assuming ideal synchronization and backhaul. But, this strict assuming restricts the real-field deployment, e.g., inter-site CJT and a base station equipped with distributed remote radio heads (RRHs) require additional delay and phase/frequency calibration.  
To be more specific, in real NW, we have to consider some non-ideal factors as follows, while deploying CJT/DL multi-TRP for inter-site CJT with non-ideal hardware impairment.
· Different delay offset(s) for each TRP (due to different propagation delay for respective TRPs). 
· For instance, in 30KHz SCS, even with 2 RBs as in a subband, max diff. in propagation distance is only 417 m.
· Different Doppler/phase offset(s) (frequency-sync bias) for each TRP (due to TRP-in-sync and UE mobility)
· For instance, when freq. sync error is 0.025ppm per TRP, Doppler shift/freq-sync bias may be up to 65 Hz for a TRP (2.6GHz), and then, for 5 ms (a typical periodicity of CSI report), ~120 degree phase-error may be suffered.  
In our SLS evaluation, via delay-offset/Doppler-offset calibration, significant performance gains in MU-MIMO may be observed in the CJT mTRP scenario, as shown in Figure 3, assuming EVM(s) agreed in Rel-18 CSI. 
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Figure 3 UPT for CJT/DL multi-TRP assuming inter-site (up to 3-TRP) and ±0.01 ppm per TRP under ISD = 500m
In order to facilitating CJT/DL multi-TRP calibration, we support to introduce standalone report for delay offset and Doppler/phase offset (UE-assisted).
· For refining Rel-18 CJT-CSI/CQI, we can introduce a new hypothesis of TRP-specific pre-compensation (i.e., via measuring normal CMR(s) but assuming TRP-specific pre-compensation for PDSCH reception)
· Besides, unified TCI/QCL extension for additionally supporting QCL-TypeA + QCL-TypeB (representing TRP-specific delay-domain pre-compensation).
Proposal 3: Regarding Topic-3, enhancement on standalone report for delay offset and Doppler/phase offset (UE-assisted) should be supported for CJT calibration in order to facilitate deploying CJT/DL multi-TRP in non-ideal synchronization and backhaul.
· For obtaining accurate PMI/CQI in CJT, further refining Rel-18 CJT-CSI/CQI by using a new hypothesis of TRP-specific pre-compensation (i.e., via measuring normal CMR(s) but assuming TRP-specific pre-compensation for PDSCH reception) should be considered as a study point. 
· Then, unified TCI/QCL extension may be considered for additionally supporting QCL-TypeA + QCL-TypeB (representing TRP-specific delay-domain pre-compensation).
2.4 Topic-4: UL enhancements
As bottleneck for NR transmission, NR UL enhancements have a continuous attention from Rel-15 to now. In RAN1#101, the following two UL enhancement topics are highlighted from several candidate solutions:
· Objective 1: STxMP enhancements (e.g. Simultaneous TX of PUCCH and PUSCH, Asymmetric panel implementations, mDCI PUCCH + PUCCH, STxMP with up to rank 8, Coherent SFN STxMP)
· Objective 2: Enhancements for UL 3Tx including 3Tx for UL codebook and non-codebook based transmission
Then, based on above, we have the following analysis:
STxMP enhancement
As a left-over issue from Rel-18, we think the following two aspects should be studied firstly:
· Left-over: PUCCH + PUCCH/PUSCH in STxMP M-DCI based mTRP
· Individual UCI procedure for each TRPs, involving TRP-specific UCI multiplexing
· Supposed to complete elaborate types for CPE/FWA/vehicle/industrial devices. 
· Enabled by asymmetric panel (e.g., different digital ports# and/or different antenna ports# per panel) as shown in Figure 3.


Figure 3 STxMP structure: (a) symmetric antenna ports and symmetric digital ports; (b) asymmetric antenna ports but symmetric digital ports; (c) symmetric antenna ports but asymmetric digital ports
UL 3Tx enhancement
Boosting UL throughput and improving UL coverage (for cell-edge UE) is demanding for NR-UL-enhancement, and then the UL 3-Tx operation (introducing one extra Tx) is to provide good tradeoff between UL performance and UE-implementation complexity (e.g., for an advanced smartphone). Then, we are open to further consider the enhancement for UL 3Tx. But, considering limited TU allocation, we think the following restriction is needed for clarifying the detailed works in RAN1:
· Only focusing on non-coherent UL codebook;
· No enhancement on UL full power transmission (i.e., only full Tx power mode 0 and non-full power mode are supported);
· No enhancement on SRS resource (that is, 3-port SRS can be derived from legacy SRS (e.g., 1/2/4-port SRS) with some necessary update)
Proposal 4: Regarding Topic-4, the following two UL enhancements can be further considered.
· For STxMP, only focus on simultaneous TX of PUCCH and PUCCH/PUSCH and asymmetric panel implementations; 
· For 3Tx enhancement, only focus on non-coherent UL codebook assuming no UL full power and SRS enhancement.
2.5 Topic-5: Asymmetric downlink S-TRP/UL M-TRP
Heterogeneous Network can be deployed to improve UL throughput. Since the macro gNB and micro nodes differ in power rating, a UE may receive DL transmission from the macro gNB, but transmit UL to either the macro gNB or non-co-located micro nodes in order to maximize UL throughput. As an option to further reduce energy consumption and hardware cost, the micro nodes can reduce or even turn off/cancel DL transmissions (e.g., UL-configured TRP a proposed by infra-vendor/operators in RAN#101). Moreover, as an alternative, UL-only TRP [2] can be assumed as another candidate for deployment in such case.
To be more specific, in HetNet, macro base stations (BS) and micro nodes are deployed, and then, as a typical case, macro BS has 44dBm for DL Tx, but micro only 33dBm for DL Tx. That means that, the best serving site providing downlink services to a UE can be different from that providing uplink services when the optimal site selection scheme is applied to downlink and uplink individually. The former is determined according to optimal DL received power (e.g., RSRP), but the latter is determined with objective of minimizing propagation loss (e.g., pathloss). Still using DL and UL serving site bundling architecture as in legacy still can lead to performance degradation.  One diagram of proposed mechanism can be found in Figure 4.
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Figure 4 Diagram of proposed mechanism of DL/UL site decoupling in HetNet
Through identifying optimal UL-serving TRP(s) from existing marco/micro BSs (i.e., DL/UL-site-decoupling), we evaluate Dynamic Uplink-Point Selection (DuPS) from macro and micro BSs in HetNet
· Legacy (DL-RSRP-based): UL-TRP selection with objective of maximizing DL RSRP (may NOT be an optimal site for UL transmission) under the legacy assumption of a same BS serving both DL and UL.
· Proposed ({Path-loss (PL) + Δ_Macro} based): UL-TRP selection with objective of minimizing {path-loss + additional factor Δ_Macro dedicated to macro BS}, where Δ_Macro is to compensate its additional Rx-antenna gain over the micro. 
The evaluation results can be found in Figure 5. It can be observed that, in HetNet, compared with legacy site selection (i.e., based on DL-RSRP), introducing DL/UL-site decoupling (i.e., using UL-only TRP scheme(s)) can bring +31% cell-edge and +21.9% average UPT gain, through identifying optimal UL serving sites and balancing UL traffic payload among macro/micro serving sites. 
[image: average][image: site]
Figure 5 Asymmetric downlink S-TRP/UL M-TRP in HetNet: (left) 5% and average UPT comparison; (right) the number of serving UL-UEs for each of macro/micro BSs, where ISD=200m; UE {4T, 23dBm}, Macro {32R, 44dBm for DL-Tx}, Micro {8R*3 site, 33dBm for DL Tx}; P0-80; FTP-1 RU~30%, and Δ_Macro=6 dB
Besides, some other evaluation for introducing UL-only TRP as an individual deployment can be found in our previous plenary contribution [3].
In order to facilitating asymmetric downlink S-TRP/UL M-TRP, we support the following aspects as in Rel-19 MIMO evolution (identified in RAN1#101 summary):
· Objective 1: Extension of Rel-18 2TA mDCI to sDCI assuming legacy PRACH resources
· As in non-collocation scenario, there may be different TA requirement for respective UL-configured TRP, and then, in order to minimizing spec impact, we may just release restriction of CORESET pool (one-to-one mapping between CORESET pool and TAG) from M-DCI based 2TA enhancement in Rel-18, in which the association between TAG and unified TCI state has been provided well from signalling perspective.  
· Objective 2: Separate UL power control for SRS only to downlink S-TRP from SRS to UL M-TRP and introduce path loss measurement configuration to uplink M-TRP
· First, when pathloss RS is transmitted from the macro gNB and the UE transmits UL to the micro nodes, the pathloss measured from the pathloss RS from the macro gNB is not accurate. Therefore, it is necessary to configure the UE with pathloss offset to facilitate accurate calculation of the pathloss associated with the micro nodes. 
· Second, an additional SRS closed-loop PC for DL CSI acquisition to the macro gNB (for DL transmission), separate from that for the SRS to the micro nodes (for UL mTRP reception) should be introduced. Therefore, there is a need for supporting two closed-loop PC adjustment states for SRS, both separate from PUSCH.
· Note: both intra and inter-cell architecture can be supported assuming intra-DU scenario and legacy QCL/spatial relation rule. 
As another enhancement, we are also open to consider UL beam management (e.g., SRS for beam management) for accumulating UL beam sweeping/management in FR2 (e.g., introducing P2/P3 into UL). 
Proposal 5: Regarding Topic-5, the enhancement on asymmetric downlink S-TRP/UL M-TRP can be supported for both intra and inter-cell assuming intra-band intra-DU non-co-located M-TRP
· Objective 1: Extension of Rel-18 2TA mDCI to sDCI assuming legacy PRACH resources
· That is, extending Rel-18 M-DCI-based 2TA toward UL TRP(s) and DL sTRP without using CoresetPoolIndex, while assuming legacy PRACH resources
· Objective 2: Separate UL power control for SRS only to downlink S-TRP from SRS to UL M-TRP and introduce path loss configuration to uplink M-TRP, 
· That is, two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP 
2.6 Topic-6: 6Rx/8Rx UE enhancements with lower complexity
In [1], based on companies’ input, 6Rx/8Rx UE enhancements with lower complexity are captured. In our views, increase in UE-side DL RX has become another hot topic, but it can have two separate schemes: coherent joint-reception and non-coherent joint reception. For the former, it is a normal design with ideal performance but with high UE complexity; then, for the latter, it can have lower complexity even with some performance loss (it should be noticed that, attention should be paid on how to handle antenna switching in such case).  Therefore, we can consider 6Rx/8Rx UE enhancements with lower complexity as another candidate in Rel-19 MIMO evolution, if time permitted.  
3 Conclusion
[bookmark: _GoBack]In this contribution, we elaborate our initial views on Rel-19 MIMO evolution. Our proposals are listed as follows.
Topic-1: UE-initiated/event-driven beam management
Proposal 1: Regarding Topic-1, UE-initiated//event-driven report can be enhanced in order to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency. 
· While considering potential overlapping with Rel-19 mobility enhancement, UL signaling content(s) and UL signaling medium/container should be focused in MIMO objectives.
· To balance dynamic beam update and NW resource overhead, transmission occasion for reserved UL resource (as an indispensable part for UL signal medium/container) can be updated simultaneously via indicated TCI state. 
Topic-2: Enhancements to CSI framework to support > 32 (64/128) CSI-RS ports
Proposal 2: Regarding Topic-2, CSI framework to support > 32 (64/128) CSI-RS ports can be enhanced in order to increase number of antennas in sTRP due to potential issue of coverage and support of higher DL/UL spectrum efficiency (e.g., in 4.9GHz and U6G)
· Type-I codebook refinement supporting up to a total of 128 CSI-RS ports 
· Type-II codebook refinement supporting up to a total of 128 CSI-RS ports
· Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming
Topic-3: Enhancements to CSI framework to support > 32 (64/128) CSI-RS ports
Proposal 3: Regarding Topic-3, enhancement on standalone report for delay offset and Doppler/phase offset (UE-assisted) should be supported for CJT calibration in order to facilitate deploying CJT/DL multi-TRP in non-ideal synchronization and backhaul.
· For obtaining accurate PMI/CQI in CJT, further refining Rel-18 CJT-CSI/CQI by using a new hypothesis of TRP-specific pre-compensation (i.e., via measuring normal CMR(s) but assuming TRP-specific pre-compensation for PDSCH reception) should be considered as a study point. 
· Then, unified TCI/QCL extension may be considered for additionally supporting QCL-TypeA + QCL-TypeB (representing TRP-specific delay-domain pre-compensation).
Topic-4: UL enhancements
Proposal 4: Regarding Topic-4, the following two UL enhancements can be further considered.
· For STxMP, only focusing on Simultaneous TX of PUCCH and PUCCH/PUSCH and asymmetric panel implementations; 
· For 3Tx enhancement, only focus on non-coherent UL codebook assuming no UL full power and SRS enhancement.
Topic-5: Asymmetric downlink S-TRP/UL M-TRP
Proposal 5: Regarding Topic-5, the enhancement on asymmetric downlink S-TRP/UL M-TRP can be supported for both intra and inter-cell assuming intra-band intra-DU non-co-located M-TRP
· Objective 1: Extension of Rel-18 2TA mDCI to sDCI assuming legacy PRACH resources
· That is, extending Rel-18 M-DCI-based 2TA toward UL TRP(s) and DL sTRP without using CoresetPoolIndex, while assuming legacy PRACH resources
· Objective 2: Separate UL power control for SRS only to downlink S-TRP from SRS to UL M-TRP and introduce path loss configuration to uplink M-TRP, 
· That is, two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP 
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Appendix
Table 1 SLS evaluation assumption for supporting 64/128T related Type-II codebook
	Parameter
	Value

	Carrier Frequency
	6GHz

	Channel Model
	According to the TR 38.901
3D UMi  ISD=200m

	Antenna setup and port layouts at gNB
	- 32 ports: (M, N, P, Mg, Ng, Mp, Np) =(2,8,2,1,1,2,8)
- 64 ports: (M, N, P, Mg, Ng, Mp, Np) =(4,8,2,1,1,4,8)
- 128 ports: (M, N, P, Mg, Ng, Mp, Np) =(8,8,2,1,1,8,8)
(dH, dV) = (0.5, 0.8)

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng, Mp, Np) =(1,2,2,1,1,1,2)
(dH, dV) = (0.5, 0.5)

	Modulation
	Up to 256QAM 

	gNB Tx power
	46 dBm

	UE Tx power
	23dBm

	gNB antenna height
	25 m

	gNB receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol per slot, 15kHz SCS

	Bandwidth
	10MHz, 52RBs

	UE receiver
	MMSE-IRC

	Network Layout
	40 UEs per sec (in a total of 21 secs)

	PMI/CQI feedback
	Subband

	UE distribution
	20% outdoor (30km/h)

	Traffic model
	FTP, RU=60%

	CSI feedback delay
	5ms

	MIMO scheme
	SU-MIMO with rank adaptation
Maximum rank = 4 per UE

	Performance metrics
	5%-ile, 95%-ile and Average UPT
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