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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 and 16 NR were found deficient in terms of signalling latency, overhead, as well as spectral efficiency and coverage. 
First, although Rel-15/16 NR supports FR2 deployments via multi-beam operation, signalling latency and overhead especially for beam indication are high for common beam operation. This not only hampers deployments in high-speed scenarios, but also scenarios where the number of configured TCI states is large. In addition, it lacks the support for inter-cell operation, multi-panel UEs, and maximum permissible exposure (MPE) mitigation. 
Second, although Rel-16 NR introduced mTRP support for PDSCH, it still lacks ample support for PDCCH, PUSCH, and PUCCH. In addition, enhancements for inter-cell mTRP and beam management aspects specific to mTRP are introduced along with features to facilitate high-speed train deployment on single frequency network (HST-SFN).  
Third, SRS has been a useful tool to acquire UL or DL CSI since Rel-15. However, the triggering mechanism of aperiodic SRS limits its flexibility. Further, antenna switching SRS only supports up to 4 antennas, which limits the performance for use cases requiring larger than 4 receive antennas. In addition, along with the expansion of 5G deployment, the demand to further improve SRS capacity and coverage appears. 
Fourth, although Rel-16 has enhanced the Rel-15 Type-II to allow improved performance-overhead trade-off, CSI enhancements designed for mTRP non-coherent JT and Type-II assuming FDD (angle-delay) reciprocity can be beneficial to support additional deployment scenarios. 

2	Description
2.1 	Enhancements for multi-beam operation
In Rel-15/16, UL beam indication utilizes a different framework from DL beam indication. As DL and UL beam indication share similar characteristics, a unified TCI-based framework for DL and UL beam indication is introduced in Rel-17 where UL TCI is used to represent UL spatial relation. Depending on whether DL and UL share the same TCI (e.g. in relation to the beam correspondence assumption supported by the UE), a UE can be configured with either joint DL/UL TCI (where DL and UL share the same TCI state hence a single TCI state update applies to both) or separate DL/UL TCI (which includes the signalling of DL-only, UL-only, and DL+UL TCI state update). 
Central to the Rel-17 TCI framework is the use of common beam for UE-dedicated PDCCH and the associated PDSCH intended to streamline multi-beam operation. While Rel-15/16 supports the use of common beam for UE-dedicated PDCCH and the associated PDSCH, beam indication is performed via MAC-CE. The latency and overhead associated with MAC-CE potentially detract the application of NR for high-speed scenarios in the FR2 regime. In Rel-17, such latency and overhead are reduced with the introduction of DCI-based beam indication using the existing DCI formats 1_1/1_2 (with and without DL assignments) via the TCI field. To ensure that the NW and the UE are aligned in terms of TCI state, an ACK mechanism for the beam indication is supported either via the ACK associated with the PDSCH (when beam indication is accompanied with DL assignment) or an ACK mechanism analogous to that used for SPS PDSCH release (when beam indication is not accompanied with DL assignment). When only one TCI state is activated via MAC-CE, the DCI-based beam indication is not used. In this case, beam indication is performed via MAC-CE. 
The Rel-17 TCI framework also supports auxiliary features such as a common TCI state ID update using a common TCI state pool and/or reference CC for Carrier Aggregation, UL power control setting (including PL-RS) association with TCI state, as well as inter-cell beam management. Inter-cell beam management includes measurement and reporting of L1-RSRP as well as beam indication for TCI states associated with PCIs different from that of the serving cell. In addition, common beam operation can be configured to other signals such as non-UE dedicated reception associated with serving cell PCI, aperiodic CSI-RS, and aperiodic SRS. 
To better support UEs equipped with multiple panels, UE reporting of the capability associated with the maximum number of SRS ports and its correspondence with CSI-RS or SSB resource indicators (CRI/SSB-RI) is introduced. This reporting is performed in conjunction with the supported beam reporting.
Due to adherence to the MPE (maximum permissible exposure) regulation, some UL coverage penalty is incurred as the UE ends up using a sub-optimal UL transmit beam. To alleviate this issue, some enhancement in the existing PHR report is introduced where beam-specific P-MPR along with the associated CRI/SSBRI is added into the MAC-CE-based PHR report.


2.2 	Enhancements for multi-TRP operation
In Rel-17, PDCCH repetition is defined by explicit linkage between two search space sets. The two linked search space sets can be associated with corresponding CORESETs with different TCI states, hence, achieving beam-diversity for PDCCH transmission. In Rel-17, only intra-slot PDCCH repetition is supported, and also, PDCCH repetition is only supported for USS or Type3 CSS. In addition, the linkage is specified at the PDCCH candidate level by restricting configurations of two linked search space sets resulting in one-to-one mapping between monitoring occasions and between PDCCH candidates of the two linked search space sets. Two linked PDCCH candidates have the same aggregation level, same coded bits, and the same DCI payload. To avoid ambiguity at the UE, a reference PDCCH candidate is defined for various procedures such as timelines, PUCCH resource determination, PDSCH reception with mapping Type B or mapping Type A, determination of QCL assumption for PDSCH when TCI field is not present in DCI, etc. UE can report whether two blind decodes or three blind decodes are needed for two linked PDCCH candidates. In the case of three blind decodes, overbooking for PDCCH is enhanced accordingly. Furthermore, determination of two QCL-TypeD is specified for FR2 to support time-overlapping PDCCH repetitions. PDCCH repetition is supported also for cross-carrier scheduling through linking two search space sets in both scheduling cell and scheduled cell.
In Rel-17, to support multi-TRP PUCCH repetition, up to two sets of power control parameters in FR1 or up to two PUCCH-SpatialRelationInfo in FR2 can be activated per PUCCH resource or per PUCCH resource group via MAC-CE. In addition, multi-TRP PUCCH repetition can be configured by intra-slot PUCCH repetition as well as inter-slot PUCCH repetition for all PUCCH formats. Based on the number of activated PUCCH-SpatialRelationInfo or set of power control parameters for the scheduled PUCCH resource, dynamic switching between single-TRP PUCCH repetition and multi-TRP PUCCH repetition can be supported. Separate power control for multi-TRP PUCCH repetition is supported by two activated PUCCH-SpatialRelationInfo or two activated sets of power control parameters. Furthermore, up to two TPC field for PUCCH can be supported and each TPC field is applied for each closed loop index. 
In Rel-17, multi-TRP PUSCH repetition is supported with up to two SRS resource sets with usage set to ‘codebook’ or ‘nonCodebook’. If UE is provided by two SRS resource sets with usage set to ‘codebook’ or ‘nonCodebook’, the second SRI field, second TPMI field (if CB-based PUSCH is supported), and second PTRS-DMRS association field are indicated by DCI format 0_1 or 0_2 for PUSCH transmission occasion(s) toward the TRP which is related to the second SRS resource set with usage set to ‘codebook’ or ‘nonCodebook’ for dynamic grant based PUSCH scheduling. In addition, the new DCI field is defined as ‘SRS resource set indicator’ with 2 bits to support dynamic switching between single-TRP PUSCH repetition (corresponding to codepoint ‘00’ and ‘01’) and multi-TRP PUSCH repetition (corresponding to codepoint ‘10’ and ‘11’). Separate power control for multi-TRP PUSCH repetition is supported by linking between two SRI fields and two sets of power control parameters via higher layer parameter. And also up to two TPC field for PUSCH can be supported and each TPC field is applied for each closed loop index. Furthermore, the aforementioned multi-TRP PUSCH repetition is also supported by configured grant type 1 and 2.
In Rel-16, multi-TRP PDSCH transmission is supported with two different mechanisms: single-DCI and multi-DCI. In Rel-17, multi-TRP PDSCH transmission is further extended to inter-cell operation. A UE can be configured with SSB associated with PCI which are different from serving cell PCI, known as additional PCI. At most 7 different additional PCI can be configured to the UE, and only one is activated for inter-cell multi-TRP operation. The additional PCI can be associated with one or more TCI states, and gNB can schedule PDSCH dynamically from either TRP by indicating TCI in DCI.  
In Rel-17, beam reporting and BFR are enhanced for mTRP scenario specifically. For beam reporting enhancement, framework of Rel-15 group based beam reporting is extended to facilitate simultaneous transmission of multiple TRPs. To achieve that, one CSI resource setting including two resource sets corresponding to two TRPs can be configured. In a CSI-report, UE can report N (Nmax = {1, 2, 3, 4}) groups of simultaneously received beams, wherein each reported beam in one group corresponds to one TRP. Differential L1-RSRP reporting across all beam groups is supported, and 1-bit is added to indicate CMR set associated with the largest RSRP value in the first group. For BFR enhancements, both single-DCI and multi-DCI framework are supported. For multi-DCI, two explicit or implicit BFD-RS sets are introduced for two TRPs in one CC. BFRQ can be transmitted if any one of BFD-RS sets fails. BFRQ framework is enhanced based on Rel.16 SCell BFR. The maximum number of PUCCH-SR resources is extended to 2. After UE receives gNB’s response, per-TRP beam reset can be performed. When both BFD-RS sets in SpCell fail, CBRA based RACH transmission can be triggered. For single-DCI, only explicit BFD-RS set configuration can be supported. 
Rel-17 defines two key approaches for frequency offset compensation in HST-SFN scenario: UE-based and TRP-based compensation schemes. For UE-based compensation (scheme A), UE receives additional reference signals transmitted by the TRPs in a non-SFN manner to facilitate more accurate frequency offset compensation. The corresponding non-SFN TRS configurations are provided to the UE by using two TCI states (containing reference to the TRS of two TRPs) using DCI and MAC signaling. The TRP-based compensation (scheme B) relies on frequency offset pre-compensation at the network side, where each TRP estimates the downlink frequency by using uplink signal, e.g., SRS, and compensates the downlink frequency per TRP prior to transmission. For TRP based pre-compensation, UE also receives two TRS transmitted by the TRPs in a non-SFN manner using two TCI states. However, since network pre-compensates the PDCCH and PDSCH by the difference of the frequency offsets observed between two TRPs, frequency offset tracking at the UE is performed using only one TRS transmitted by the reference TRP. 
2.3 	SRS enhancements
In NR Rel-15/16, aperiodic SRS is triggered by DCI to provide dynamic indication of SRS transmission. However, only one triggering offset value can be configured in RRC per SRS resource set. This limits the valid combinations of the location to send the triggering DCI and the location to transmit SRS, esp. considering TDD slot format, where not all slots are available to transmit SRS. To address this issue, Rel-17 introduces SRS triggering offset enhancement based on available slot definition. Up to 4 offset values can be configured in RRC per SRS resource set, where each value is defined as the number of available slots counting from a reference slot. Reference slot is defined as the slot indicated by legacy triggering offset. In DCI format 0_1/0_2/1_1/1_2, one new field “SRS offset indicator” (SOI) is added to select one available slot offset value from the configured ones. In addition, Rel-15/16 DCI format 0_1/0_2 cannot be indicated to trigger SRS only, i.e., without CSI request and without data. This limitation is removed in Rel-17 by allowing gNB to trigger SRS based on DCI format 0_1/0_2 without CSI request and without data.
To ensure performance for uses case with larger than 4 receive antennas, Rel-17 introduces antenna switching SRS to support 1T6R, 1T8R, 2T6R, 2T8R and 4T8R. In addition, to improve flexibility of antenna switching SRS, Rel-17 extends the P/SP configurations by supporting maximum 2 SP SRS resource sets and maximum 1 periodic SRS resource set for antenna switching, and the aperiodic configuration by supporting 1 or 4 aperiodic SRS resource sets for 1T4R and 2 aperiodic resource sets for 1T2R/2T4R.
In order to enhance the capacity and coverage for SRS, the following three schemes are specified in Rel-17.
· Increased repetition: Rel-17 supports 8, 10, 12 and 14 consecutive repetition symbols in one slot in one SRS resource.
· Partial frequency sounding: Rel-17 supports to transmit SRS only in  contiguous RBs in one OFDM symbol, where   indicates the number of RBs configured by BSRS and CSRS. It can be applied on both frequency hopping case and non-frequency hopping case. The scaling factor PF is configured by RRC per SRS resource, which can be 2 or 4. The start RB index of the  RBs in the  RBs is  , where kF is configured by RRC with a value chosen from kF = {0, 1, …, PF-1}. khopping is same for all SRS occasions within a legacy FH period but can hop across legacy FH periods. When the hopping of khopping is not enabled, it is fixed to be 0 for all SRS symbols. When the hopping of khopping is enabled, one hopping pattern is supported for each PF value.
· Comb 8: Rel-17 supports comb-8 for SRS other than for positioning, where the maximum number of cyclic shifts is 6.


2.4 	CSI for mTRP and FDD reciprocity
The Rel-17 eType-II port selection (PS) codebook assumes  codebook structure as Rell-16. The key enhancement comes from exploiting angle-delay reciprocity in DL and UL which is applicable for both TDD and FDD. By doing so, spatial domain and frequency domain compression operation inherent in the Rel-16 eType-II PS codebook can be shifted toward the gNB thereby reducing UE computational burden. While the amplitude and phase per channel/ propagation path are generally not DL and UL reciprocal, the gNB can employ angle-delay information obtained from UL measurements to precode UE-specific CSI-RS. Therefore from CSI measurement perspective at the UE, a subset of CSI-RS ports based on beamformed CSI-RS resource are first selected by the UE and represented by , frequency domain compression is represented by Wf  giving rise to up to two selected DFT vectors, and lastly linear combination coefficients are quantized in amplitude and phase by W2 with configurable compression factors up to 1 by removing negligible coefficients. 
Moreover, to improve CSI measurement accuracy over NCJT transmission in Rel-16, Rel-17 NCJT CSI enhancement supports a joint channel measurement at the UE by configuring a CMR pair within the same CSI-RS resource set corresponding to two TRPs respectively. Therefore a CSI-RS resource set is divided as two CMR groups so that each CMR pair consists of one CMR from Group 1 and one CMR from Group 2. From CSI reporting perspective, two modes are supported, whereas Mode 1 is to report X (X=0,1,2) single-TRP CSI and one NCJT CSI versus Mode 2 is to report one single-TRP or NCJT CSI. For the reporting quantity of NCJT CSI (up to rank 4), the main differentiation from legacy releases is that only single CQI/CRI is reported per CMR pair by jointly considering the best companion PMI/RI from two CMRs simultaneously to mitigate TRP interference. Also to use CSI-RS resources and configurations efficiently, sharing mechanism can be enabled by the gNB to reuse a CMR pair (configured for NCJT CSI measurement) for single-TRP CSI measurement if needed. 
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