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Overview — MIMO
Items Details

UL-MIMO Enhancement #1 Asymmetric DL sTRP/UL mTRP (e.g., UL-only TRP) operation for UL UPT improvement, 

deployment cost and energy saving

• UL power control and TA for enabling UL-only TRP, and UL beam management

• High-resolution precoding in multi-TRP coherent joint reception

#2 Left-over from R18 STxMP

• PUCCH+PUCCH/PUSCH in SDM, involving UCI multiplexing;

• Enabled by asymmetric panel architecture.

CSI in MU-MIMO #1 TRP-side MIMO calibration in CJT

• Enabling inter/intra-site CJT well: UE assisted Doppler(phase-offset)/Delay-domain calibration for CJT

in both TDD and FDD

#2 DL precoding and CQI refinement for assisting NW-level payload-dependent rank adaptation in MU-

MIMO (from 1-layer to 4-layer): 

• Dynamic update for rank restriction in a CSI report for both Type-I and eType-II codebook

• Full-rank information (e.g., eigenvalue per layers) via eType-II codebook refinement

RS Middle & high-speed UEs in TDD MU-MIMO: Indication of SRS phase-consistency for assisting gNB-

side CSI prediction, like time-domain bundling

Multi-beam Extension of dynamic beam (unified TCI) update to periodic/semi-persistent (P/SP) transmission occasion 

in both DL and UL, considering, from the perspective of gNB side, cell-specific/pre-determined beam 

switching pattern in time-domain.  

• e.g., extension of applicable scope of unified TCI to P/SP-CSI-RS, P/SP-SRS and scheduling request 

(SR)) (via additionally providing time-domain offset, etc.)
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UL-MIMO: Asymmetric DL sTRP/UL mTRP (e.g., UL-only TRP)  (1)

• Motivation

• DL/UL-link decoupling with the objective of maximizing perf. due to

different DL/UL-coverage ranges for macro BS and micro in HetNet

• UL UPT improv. via deploying low-cost UL-only TRPs.

• NW energy saving via powering off DL links of some TRPs

• Scenarios

• Deploying new UL-TRP(s) in current NW for balancing coverage/throughput between DL and UL[1], [2], [3]

• HetNet is another essential scenario[3] of asymmetric DL sTRP/UL mTRP through identifying optimal UL-serving

TRP(s) from existing marco/micro BSs (i.e., DL/UL-site-decoupling), rather than mitigating inter-cell interference by

reducing DL Tx power from macro BS.

• Potential WID objectives

• Enhancement for asymmetric DL sTRP/UL mTRP architecture (e.g., UL-only TRP), targeting both FR1 and FR2:

• UL power control, and TA enhancement (e.g., PL-RS/pathloss measurement and separate PC for SRS to DL sTRP, and 

PRACH based TA meas.)

• UL beam management (e.g., SRS for beam management) and advanced features for UL-distributed MIMO (e.g., high-

resolution precoding for UL-CJR)

UL

UL-only TRP

DL

DL UL

TRP specific reception

DL
UL

Dynamic Point Switch (DPS)

 Joint reception

UL-only TRP

UL-only TRP

UE-1
UE-2

UE-2

Ref: 

• [1] RWS-230248, Views on Rel-19 MIMO/UL enhancements, NTT DOCOMO;

• [2] RWS-230290, Views on Rel-19 MIMO evolution, ZTE, Sanechips; 

• [3]RWS-230455, MIMO enhancements in Rel-19, Intel Corporation

• [4] RWS-230418, NR MIMO Enhancement in Rel-19, CMCC
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• Comprehensive evaluation in SLS

• Evaluation assumption (Layout as shown in the right):

• 7 macro base stations, 3 sections per macro and 3 UL-only TRPs per section

• 1st Usage: Deployment of new UL-only TRP(s) to the current NW 

a) Scheme-1: Dynamic Uplink-Point Selection (DuPS)

• Best uplink-point from macro BS and UL-only TRPs is determined with objective of maximizing UL-UPT/UL-RSRP.

• Based on the following SLS results, it can be observed that, the proposed scheme can bring +24.5% and +216.5%

average UPT gain in ISD = 200m and ISD = 500m, respectively.

Figure 1 Dynamic uplink-point selection (DuPS) in SU-MIMO: (a) Diagram of proposed mechanism; (b) UPT in ISD=200m; (c) UPT in ISD=500m.

UL-MIMO: Asymmetric DL sTRP/UL mTRP (e.g., UL-only TRP)  (2)
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UL-MIMO: Asymmetric DL sTRP/UL mTRP (e.g., UL-only TRP)  (3)

• Comprehensive evaluation in SLS

• 1st Usage: Deployment of new UL-only TRP(s) to the current NW (cont’):

b) Scheme-2: Joint Reception across Multiple Points (JRxMP)

• UL-only TRPs are regarded as additional distributed antenna(s) for BS, and then coherent joint reception is preformed.

• Based on the following SLS results, it can be observed that, the proposed scheme can bring +73.6% and +170.9% 

average UPT gain in ISD =  200m and ISD =  500m, respectively.

• Observation: Via introducing UL-only TRP(s)/UL-distributed-MIMO, ‘Dynamic Uplink-Point Selection’ (DuPS) and ‘Joint Reception 

across Multiple Points’ (JRxMP) both bring significant average/cell-edge UPT gains but may have respective suitable scenarios.

• DuPS is suitable for Tx-power-limited scenario (e.g., large ISD), and, on the contrary, for interference-limited scenarios of 

UDN or small ISD, JRxMP obtains more dominant gain due to coherent transmission and active interference mitigation.

Figure 1 Joint reception across multiple points (JRxMP) in SU-MIMO: (a) Diagram of proposed mechanism; (b) UPT in ISD=200m; (c) UPT in ISD=500m.
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UL-MIMO: Asymmetric DL sTRP/UL mTRP (e.g., UL-only TRP)  (4)

• Comprehensive evaluation in SLS

• 2nd Usage: DL/UL-site decoupling in HetNet, via using proposed UL-only TRP scheme(s)

a) Dynamic Uplink-Point Selection (DuPS) from macro and micro BSs (which have >10 dB DL-Tx-power gaps) 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. 

• Observation: 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. 

Figure 1 DL/UL site decoupling in HetNet: (a) Diagram of proposed mechanism; (b) 5% and average UPT comparison; (c) 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.

Macro Micro
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UL-MIMO: Asymmetric DL sTRP/UL mTRP (e.g., UL-only TRP)  (5)

• Clarification on necessity of separate PC for SRS to DL sTRP, besides for pathloss measurement

• Background & technical issue:

• For UL-only TRP scenario, there are still additional SRS(s) (for DL CSI acquisition) transmitted to DL TRPs (e.g., macro BS), 

although UL data is transmitted to UL TRP(s). 

• But, based on current spec, TPC command for SRS (DCI format 2_3), configured by SRS-CarrierSwitching, is only applied 

to SRS carrier switching scenarios, i.e., PUSCH-less CC/BWP. That means that, for a general case (i.e., without enabling 

SRS carrier switching in a CC/BWP), the NW is incapable of having a separate UL power control for the SRS of DL CSI 

acquisition. 
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• STxMP UL

• 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 elaborated types for

CPE/FWA/vehicle/industrial devices.

• Enabled by asymmetric panel capability

(e.g., different digital ports# per panel).

UL-MIMO: R18 left-over and onwards

Rel-18 
(Already supported)

Rel-19 Enh. Rel-19 Enh.

Symmetric Asymmetric

Symmetric
Rel-18 STxMP

(Already supported)
Rel-19 (Baby step)

Asymmetric Rel-19 (Baby step) Rel-19 (Next step)

antenna ports

digital ports

@ New 5GAA White Paper on 

Vehicular-DAS, 2 Dec. 2022
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CSI enh.: TRP-side MIMO calibration in CJT（1）

Figure 1 Inter-site CJT transmission: (a) inter-site CJT mTRP architecture; (b) UPT performance 

• Motivation

• Different delay offset(s) for each TRP (Inter-TRP time misalignment due to TRP-specific propagation delay).

• 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) for each TRP (frequency-offset bias due to TRP-in-sync and UE mobility)

• For instance, when freq. sync error is 0.01ppm per TRP (almost as upper bound of inter-TRP synchronization), Doppler 

shift/freq-sync bias may be up to 20 Hz for a TRP (2GHz), and then, for 5 ms (a typical periodicity of CSI report), ~36 degree 

phase-error may be experienced. 

• Then, if additionally considering UE mobility, even with medium-velocity (such as 30km/h), the additional Dopper-spread 

extension due to different Doppler shift for respective coordinated TRP can not be ignored.  

• Via delay-offset/Doppler-offset calibration, significant performance gains (~17.81% in avg. UPT) can be obtained. 

UE

Link-1

Link-2

Link-3

TRP-1

TRP-2

TRP-3

Oscillator (0.01 ppm @ 2GHz): ~±20Hz

Doppler shift due to UE mobility per TRP

 (@2GHz, 30km/h) ~ ±55.4Hz

Evaluation assumption

• Freq. sync error: 0.01 ppm per TRP, 

• Inter-site: ISD=500m, 

• CSI-RS Periodicity = 5 slots,

• Feedback delay = 4 slots,

• CSI subband = 4 RB & R=2, 

• 2GHz, 52 RBs (10MHz-BW), 

• DL-16T/4R with up to 3 TRP in CJT

(a)

(b)
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CSI enh.: TRP-side MIMO calibration in CJT (2)

• Potential WID objectives (for both TDD and FDD)

• Standalone report for delay offset and Doppler/phase offset (UE-assisted) mainly for FR1

• For refining Rel-18 CJT-CSI/CQI, introduce a new hypothesis of TRP-specific pre-compensation (i.e., via measuring cell-

specific/non-calibrated 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).
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• Motivation

• In MU-MIMO, due to dynamic variation of NW traffic payload

in total, CSI enhancement for assisting CQI/MCS and rank

adaptation (from 1 layer to 4) in MU-MIMO becomes urgent

to meet market demand.

• In addition, DL precoding should be refined according to

scheduled UE(s) using SLNR or zero-forcing approach, and

additional information of receiver side information/full-rank

information in CSI report (for post-CQI/MCS determination)

becomes essential for improving performance.

10.7%

19.9%

(a) (b)

Figure 1 SLS for additional information report of receiver side information (i.e., 

full rank information/wideband Rxx) under: (a) RU~30% and (b) RU~80%

• Potential WID objectives

• DL precoding and CQI refinement for assisting NW-level traffic-payload-dependent rank adaptation in MU-MIMO 

(from 1-layer to 4-layer) for both CJT and sTRP: 

• Example-1: Dynamic update of rank restriction in CSI report for both Type-I and eType-II codebook ) (also applied to 

64T or 128T (if enhanced), besides for legacy, e.g., 8/16/32T);

• Example-2: Full-rank information (e.g., eigenvalue per layer, or wideband-Rxx) via eType-II codebook refinement. 

CSI enh.: DL precoding and CQI refinement for assisting NW-level 

payload-dependent rank adaptation in MU-MIMO
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RS enhancement

• SRS enh. for middle & high-speed in TDD MU-MIMO

• Motivation

• From real-field test data, UE SRS phase inconsistency seriously 

impact DL-CSI prediction accuracy for MU-MIMO in gNB-side. 

• Wiener-filter prediction results in real-field is shown in the right

• Potential WID objectives

• Indication of SRS phase-consistency for assisting gNB-side CSI

prediction, like SRS time-domain bundling 0 5 10 15 20 25 30 35 40 45
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Figure 1 CSI prediction in TDD based on SRS from real field
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Multi-beam enhancement

• Left-over from R17/18 unified TCI: Extension of dynamic beam update to P/SP transmission 

• Motivation

• For DL/UL-CSI/CQI derivation in real-field NW, P/SP-CSI-RS/SRS for CSI, compared with AP, is 

widely used but, unfortunately, precluded in the applicable scope of unified TCI framework.

• Extension of dynamic beam (unified TCI) update to P/SP-CSI-RS, P/SP-SRS and scheduling request 

(SR)) is urgent, considering, from the perspective of gNB side, cell-specific/pre-determined beam 

switching pattern in time-domain.  

• Potential WID objectives

• Extension of applicable scope of unified TCI to

periodic/semi-persistent (P/SP) transmission

occasion in both DL and UL transmission

occasion

• Example: providing additional information

(e.g., time-domain offset, etc) in unified TCI

state(s), besides for QCL/spatial filtering

assumption Time

RS

-a   
RS

-a
  

 Time-domain offset of P/SP-CSI-RS should be updated 

simultaneously based on the indicated TCI state 

Physical gNB 

beam-1

Physical gNB 

beam-2

Physical gNB 

beam-N

Physical gNB 

beam-1

Physical gNB 

beam-2

Physical gNB 

beam-N

n-th periodicity {n+1}-th periodicity 

Beam application time (BAT) of

newly indicated TCI state 

Figure 1 Updating time-domain offset of P/SP-CSI-RS based on the indicated TCI state
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Proposed objectives for Rel-19 MIMO WID

a. Enhancement for asymmetric DL sTRP/UL mTRP architecture (e.g., UL-only TRP), targeting both FR1 and FR2

• UL power control, and TA enhancement (e.g., PL-RS/pathloss measurement and separate PC for SRS to DL sTRP, and PRACH based TA meas.)

• UL beam management (e.g., SRS for beam management) and advanced features for UL-distributed MIMO (e.g., high-resolution precoding for UL-CJR)

b. Enhancement for STxMP for FR2 (i.e., left-over issues from R18)

• PUCCH + PUCCH/PUSCH in STxMP M-DCI based mTRP

• Enabled by asymmetric panel capability (e.g., different digital ports# per panel).

c. Standalone report for delay offset and Doppler/phase offset (UE-assisted) for TRP-side MIMO calibration in CJT, mainly for FR1

• For refining Rel-18 CJT-CSI/CQI, introduce a new hypothesis of TRP-specific pre-compensation (i.e., via measuring cell-specific/non-calibrated

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).

d. DL precoding and CQI refinement for assisting NW-level traffic-payload-dependent rank adaptation in MU-MIMO (from 1-layer to 4-layer) for

both CJT and sTRP, mainly for FR1:

• Dynamic update of rank restriction in CSI report for both Type-I and eType-II codebook)

e. Enhancement for SRS phase-consistency for assisting gNB-side CSI prediction for FR1 and FR2, like SRS time-domain bundling/inter-slot

repetition

f. Extension of applicable scope of unified TCI to periodic/semi-persistent (P/SP) transmission occasion in both DL and UL, targeting both FR1

and FR2

• Providing additional information (e.g., time-domain offset, etc) in unified TCI state(s), besides for QCL/spatial filtering assumption
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Other topics

Besides for our proposed objectives/topics, we can consider the following topics in addition:

a. Enhancement for introducing UL 3-TX operation [1]

• Note: 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).

b. Type-I/II codebook refinement supporting up to 128 CSI-RS ports [2, 3]

• Note: For both 6GHz and 4.9 GHz, boosting CSI-RS ports (to 128 ports from 32 ports) in sTRP becomes an emerging technique to facilitate the

significant increase of sTRP antenna(s). Then, for hybrid beamforming in such case, we are open to consider have CSI-RS resource(s) with up to 32-port

(8 port(s) as in legacy), but the enhancement of UE-dedicated analog beam-forming should be avoided considering multiple UEs can be simultaneously

served in network, even in SU-MIMO (FDM).

c. Enhancement to support lower complexity 6/8RX receivers with up to 8-layer DL transmission

• Note: As above-mentioned, 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).

Ref: 

• [1] RWS-230315, Views on Rel-19 MIMO 

Enhancement, OPPO

• [2] RWS-230154, Discussion on Release 19 MIMO 

enhancements, Ericsson

• [3]RWS-230455, MIMO enhancements in Rel-19, Intel 

Corporation

• [4]RWS-230097, Views on R19 MIMO Enhancement, 

Google 

• [5] RWS-230207, MIMO Enhancements in Rel-19, 

Samsung

• [6] RWS-230183, NR MIMO, Qualcomm Incorporated

• [7] RWS-230117, [RAN1-led] MIMO Enhancements, 

MediaTek Inc.

d. Enhancement for CSI/PMI feedback to facilitating the channel based beamforming [4]

• Note: Identifying the raw channel for beamforming weight selection can improve the efficiency of beam

training/sweeping, and then, as mentioned in (b), system-through improvement (instead of totally UE-

specific) through using same quasi-optimal beam-forming should be considered as a starting point.

e. UE-initiated/event-based beam management [5,6,7]

• Note: In existing CSI framework, beam/CSI report is managed by gNB (except for BFR), but, instead,

UE may be more aware of timely beam refinement/update. So UE-initiated beam management (e.g.,

reporting or switching) may become a potential solution. But, the enhancement may be also relevant

to AI-related beam prediction, and their detailed scope should be clear.
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