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1	Introduction
This work item (WI) introduced enhanced specification support for several key aspects on multi-input multi-output (MIMO) operation where Rel-15, 16, and 17 NR were found deficient in terms of signalling latency, overhead, as well as spectral efficiency and coverage. 
First, while Rel-17 NR introduces the unified TCI (Transmission Configuration Indicator) framework which alleviates high signalling latency and overhead especially for beam indication in FR2, it is limited to single-TRP (transmit-receive point) deployments with single-panel UEs (user equipments). Extensions to accommodate multi-TRP and/or multi-panel UEs are needed along with enhancement on UL (uplink) power control for multi-DCI (downlink control information). In addition, the support for 2TA (dual Timing Advance) for multi-DCI would be beneficial for multi-TRP (transmit-receive points).
Second, while Rel-16 eType-II and Rel-17 FeType-II port selection codebooks offer significant improvement in performance-overhead trade-off over their Rel-15 counterparts, further extending those two codebooks to support coherent joint transmission (CJT) multi-TRP and high/medium UE speed would extend the utility of Type-II CSI, especially in multi-user MIMO (MU-MIMO) scenario. In addition, a stand-alone time-domain channel property (TDCP) reporting can potentially aid network in selecting the best type of configuration for, e.g. codebook types, SRS (sounding reference signal) periodicity, or link adaptation/prediction. 
Third, Rel-15 NR supports spatial multiplexing via DMRS (demodulation reference signal) for both DL (downlink) and UL with up to 8 and 12 orthogonal ports for DMRS configuration type 1 and type 2, respectively. To increase MU-MIMO scheduling capacity for both UL and DL, the number of orthogonal ports is doubled. Also, for supporting high-end UEs (e.g., CPE, FWA, vehicle, industrial devices) equipped with 8TX antennas, the corresponding RS enhancement for UL transmission are introduced. In addition, mechanisms to randomize interference among different TRPs are introduced for SRS.
Fourth, Rel-15 NR supports one transmission precoding matrix indication (TPMI)/SRS resource indicator (SRI) or one spatial-relation-based uplink transmission. To facilitate simultaneous UL transmission across two panels (STx2P), the support of two TPMI/SRIs and/or TCIs is introduced. Each TPMI/SRI and/or TCI can be applied for UL transmission associated with each panel. In addition, extension of the existing UL transmission schemes to support 8TX UL transmission (with up to 8 layers) is introduced for enhancing UL peak rate and throughput. 

2	Description
2.1 	Enhancements for multi-TRP operation
The use of common beam for UE-dedicated receptions of PDCCH (physical DL control channel) and the associated PDSCH (physical DL shared channel) has been specified in Rel-17 under the unified TCI framework. In particular, with the introduction of the DCI-based beam indication for the UE-dedicated PDCCH and the associated PDSCH – via the TCI field in DCI formats 1_1/1_2 with or without DL assignment, the corresponding beam indication latency and overhead can be reduced. The Rel-17 unified TCI framework, however, is tailored for single-TRP (sTRP) operation. In Rel-18, the unified TCI framework is extended to multi-TRP (mTRP) operation (termed the Rel-18 eUTCI), where a UE can receive/transmit various DL/UL channels or signals from/to more than one TRPs.
To support beam indication/update for the mTRP operation, enhancements related to TCI signalling enhancements are introduced for single-DCI (sDCI)-based mTRP. Here, an activated TCI codepoint can correspond to one or two sets of TCI states with each set corresponding to a TRP and comprising of one joint/DL/UL TCI state or a pair of separate DL and UL TCI states. This would require a new MAC CE activation command customized for the Rel-18 sDCI-based mTRP operation, where a TCI codepoint activated in the MAC CE command also provides information related to the association between the TCI state(s) mapped to the TCI codepoint and the TRP(s) in the mTRP system. Some enhancements are also introduced for mDCI-based mTRP. Here, an activated TCI codepoint can correspond to a joint/DL/UL TCI state or a pair of separate DL and UL TCI states, where each activated TCI codepoint in a mDCI based mTRP system is specific to a configured value of coresetPoolIndex.
For both sDCI- and mDCI-based mTRP operations, the Rel-18 eUTCI also specifies various rules and the corresponding signaling designs for associating between the indicated TCI states and TRP-specific DL/UL channels and/or signals. 
· For sDCI-based mTRP, RRC configuration can be provided for a CORESET to determine which one of the two indicated TCI states is used for monitoring the corresponding PDCCH candidates. Optionally, to support dynamic TRP(s) selection/switching, a TCI selection field is introduced in DCI format 1_1/1_2 to inform the UE which one or two of the indicated TCI states to use for receiving the corresponding PDSCH. Similar design mechanisms also apply to the UL counterparts and various reference signals. 
· For mDCI-based mTRP, RRC configuration is provided to determine the TCI state association with to (most) channels/signals and whether they are associated the same value of coresetPoolIndex. 
Moreover, the Rel-18 eUTCI also specifies rules for, e.g., determining the TCI state assumed for buffering PDSCH and/or aperiodic CSI-RS, operating inter-cell mDCI-based mTRP, resetting common beam for beam failure recovery, enhancing power control for STx2P. In summary, the Rel-18 eUTCI applies to all the sDCI- and mDCI-based mTRP schemes specified in Rel-16 and Rel-17 (e.g., repetition schemes and SFNs).
Rel-18 also introduces the support of 2TA for UL mDCI-based mTRP operation with the Rel-17/18 unified TCI state framework. With CP-OFDM waveform, UL transmissions from UEs are expected to arrive within a small window around its UL reference time. This is achieved by the network sending a timing advance command (TAC) to the UE to adjust its UL transmission time. In multi-TRP-based systems, the UL transmissions to different TRPs can require different UL timing advances due to synchronization mismatches between the TRPs and different round-trip propagation times between the TRPs and the UE. Evidently, 2TA is needed when the UE is communicating with two TRPs. 
For inter-cell and intra-cell mDCI-based mTRP operation, a UE can support two TA groups (TAGs), each associated with a TAG ID.  Each TAG is associated with a DL reference time and has a corresponding TA value obtained from the TAC. Each UL/joint TCI state is associated with a TAG ID and the UE applies the TA value of the TAG ID associated with the UL/joint TCI state utilized for UL transmission. Contention-free random access (CFRA) triggered by PDCCH order is used to acquire a TA value associated with a TAG ID. A PDCCH order can trigger a physical random-access channel (PRACH) transmission towards the same TRP or towards a different TRP. When this occurs, the associated pathloss reference signal (PLRS) is determined based on whether the TRP to which the PRACH is transmitted is the same as or different from that of the PDCCH order.

2.2 	Enhancements for CSI
First, to better support CJT multi-TRP, the Rel-16 eType-II and Rel-17 FeType-II port selection codebooks are extended in Rel-18 to support up to 4 NZP CSI-RS resources (therefore, up to a total of 4x32 = 128 ports) as the Channel Measurement Resource (CMR) where each NZP CSI-RS resource can represent a TRP. While most codebook components and CSI/UCI designs are inherited from Rel-16 and Rel-17 (e.g. DFT-based spatial- and frequency-domain bases, W2 coefficient quantization, bitmap to indicate non-zero coefficients), a few notable enhancements (some of which optional) include the following:
· TRP-specific spatial-domain (SD) basis selection
· TRP-common frequency-domain (FD) basis selection, with (mode-1) and without (mode-2) TRP-specific phase offset
· Dynamic TRP selection where N out of NTRP configured CSI-RS resources are selected and reported 
· Dynamic selection of the number of SD basis vectors per TRP where one out of NL configured NTRP-tuples is selected and reported
· NTRP-dependent Parameter Combinations
Second, to better support high/medium-speed, the Rel-16 eType-II and Rel-17 FeType-II port selection codebooks are extended in Rel-18 to support UE-side prediction and, for Rel-16-based design, Doppler-domain (DD) compression. While most codebook components and CSI/UCI designs are inherited from Rel-16 and Rel-17 (e.g. DFT-based spatial- and frequency-domain bases, W2 coefficient quantization, bitmap to indicate non-zero W2 coefficients), a few notable enhancements (some of which optional) include the following:
· Framework for UE-side prediction including CSI reporting window with the reference resource slot (n–nCSI,ref) or reporting slot (plus an offset, n+) as the starting slot, where the PMI calculation corresponds to
· For Rel-16-eType-II-based design, DFT-based DD basis providing a third dimension (in addition to SD and FD) for PMI compression
· Inclusion of one or two time-domain (TD) CQIs in one CSI report (together with PMI and RI)
· Aperiodic CSI-RS consisting of multiple NZP CSI-RS resources as the CMR
Third, to better facilitate network in configuring a UE with the best setting for CSI acquisition (such as codebook type, CSI-RS periodicity, SRS periodicity) which largely depends on the UE speed, as well as performing link adaptation and CSI prediction, a stand-alone aperiodic time-domain channel property (TDCP) report on PUSCH is introduced in Rel-18. The report includes the following (some of which are optional):
· Normalized wideband amplitude of time-domain auto-correlation, calculated for each of the Y configured delay values {D1, D2, …, DY} with Y=1 as the basic feature, Dn=n.D, uniformly quantized in logarithmic domain in 4 bits
· Phase of time-domain auto-correlation, calculated for each of the Y configured delay values {D1, D2, …, DY}, uniformly quantized in linear domain in 4 bits
· The supported values of D={4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots, 6 slots, 10 slots (only for SCS ≥ 30kHz)} and Y={1, 2, 3, 4}
· For TDCP measurement, KTRS={1,2,3} CSI-RS resource sets for tracking can be configured 

2.3 	Enhancements for Reference Signals
In Rel-15 NR, DMRS for PDSCH and CP-OFDM-based PUSCH, the number of available orthogonal ports for spatial multiplexing (SU- or MU-MIMO) is as follows: 
· DMRS configuration type 1: up to 4 for 1 front-loaded (FL) DMRS symbol, up to 8 for 2 FL DMRS symbols
· DMRS configuration type 2: up to 6 for 1 FL DMRS symbol, up to 12 for 2 FL DMRS symbols
To increase MU-MIMO multiplexing capacity, enhanced DMRS configuration type 1 and 2 are defined, and the number of orthogonal ports is doubled from Rel-15 DMRS:
· Enhanced DMRS configuration type 1: up to 8 for 1 FL DMRS symbol, up to 16 for 2 FL DMRS symbols
· Enhanced DMRS configuration type 2: up to 12 for 1 FL DMRS symbol, up to 24 for 2 FL DMRS symbols
To support enhanced DMRS configuration type 1 and 2, the following rules are introduced:
· Time/frequency resource mapping and the number of code-division multiplexing (CDM) groups for enhanced DMRS configuration type 1 and 2 are same as those of DMRS configuration type 1 and 2, respectively.
· The length-4 frequency-domain orthogonal-cover-code (FD-OCC) is adopted for both enhanced DMRS configuration type 1 and 2 which is length-2 for DMRS configuration type 1 and 2. Hence, half of DMRS ports have same FD-OCC pattern as legacy but with different length, and the other half of DMRS ports have newly defined FD-OCC pattern.
Rel-15 NR supports up to 4 layers for PUSCH transmission. For supporting up to 8 layers, both DMRS configuration type and enhanced DMRS configuration type are supported for UL 8TX SU-MIMO-based PUSCH. Likewise, 8-port SRS resource is defined for usage of codebook and antenna switching (i.e., 8T8R), and SRS resource set with up to 8 resources (with one port per resource) is defined for usage of non-codebook. There are two types of 8-port SRS resource as follows:
· Non-TDMed SRS: All 8 ports are transmitted in every symbol which is same as legacy 1/2/4-port SRS.
· TDMed SRS: Among 8 ports, the 1st and 2nd set of 4 ports are transmitted separately in the 1st and 2nd symbol, respectively, and 1st and 2nd set of 4 ports are disjoint, and 1st and 2nd symbols are consecutive.
For interference randomization across different TRPs, two hopping schemes (i.e., cyclic shift hopping and comb offset hopping) are adopted for SRS used for codebook-based UL transmission and antenna switching. Also, considering coexistence between legacy UEs and Rel-18 UEs, a hopping subset can be configured for cyclic shift hopping or comb offset hopping so that the hopping region can be restricted and interference from hopping UEs to non-hopping legacy UEs can be controlled.

2.4 	Enhancements for UL transmissions
For UEs supporting two panels, two separate TPMI/SRI indications and/or TCI applications are introduced in Rel-18 to enable simultaneous UL transmission across two panels (STx2P). For the sDCI-based mTRP, the following are supported:
· Spatial-division multiplexing (SDM) PUSCH transmission where the two subsets of layers of one PUSCH are separately precoded and simultaneously transmitted from two panels 
· Single-frequency network (SFN) PUSCH transmission where the same PUSCH signal is separately precoded and simultaneously transmitted on two panels 
· SFN PUCCH transmission where the same PUCCH is transmitted with two TCI states on two panels
For the mDCI based mTRP transmission scheme, the two DCIs associated with different coresetPoolIndex values can schedule two separate PUSCH transmissions (each from a panel and separately precoded, with its own beam) which can be transmitted simultaneously. 
To increase UL throughput, the maximum number of uplink transmission ports is increased to 8 ports in Rel-18 with up to 8 layers using the legacy DL codeword-to-layer mapping. Both codebook-based and non-codebook based PUSCH transmission schemes are extended to 8TX. For codebook-based PUSCH transmission scheme, 4 different antenna groups are defined including full-coherent antenna group (Ng=1, codebook1) where all 8 antennas are assumed coherent, two partial-antenna group (Ng=2, codebook2) where 4 antennas within a coherent group are assumed coherent, four partial-antenna group (Ng=4, codebook3) where 2 antennas within a coherent group are coherent, and non-coherent antenna group (Ng=8, codebook4) where all 8 antennas are assumed non-coherent. A codebook is specified for each coherence assumption and full power transmission mode. For non-codebook-based PUSCH transmission scheme, SRI indication is extended to indicate up to 8 transmission layers. 
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