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Introduction
The endorsed Rel.17 NR FeMIMO WID is given as follows [1]:
	· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
3. Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead




This contribution outlines Samsung’s view on each of the four items of NR FeMIMO. Our views on enhancements and, if applicable, evaluation methodology beyond what was agreed in Rel.16 are given.

Item 1: Multi-beam enhancement
1 
2 
It has been mentioned during the Rel.17 WID discussion that two prevalent high-speed deployment scenarios with potentially very large number of configured TCI states pertinent to this item (FR2) include:
· Vehicular speed up to 80mph, US highways
· HST up to 160mph, RRHs mounted on the tunnel ceiling with CPEs inside the trains servicing mobile UEs (see Figure 6)
· Other potential applications (beyond Rel.17):
· Industrial IOT >60 MHz
· NTN with FDD, FR2 DL and FR1 UL
With the above scenarios in mind, it can be argued that Rel.15/16 beam management is deficient for the above scenarios at least for the following reasons:
· Common framework for CSI and beam management: Forcing a common framework for CSI and beam management (BM) results in cumbersome multi-beam operation
· For instance, since BM is driven by the use of analog beams, the number of ports per CSI-RS resource is at most two for BM. For CSI acquisition, it is at most 32.
· Beam management framework: Different framework for UL and DL (Spatial Relation Information/SRS Resource Indicator vs. TCI) is motivated by a wrong angle of the so-called “single technical framework” for NR. The common framework should be between DL and UL beam indication rather than between UL transmission and UL beam indication 
· For instance, this faulty design fails to recognize that DL measurement RS (CSI-RS, SSB) can be used for UL beam indication and, conversely, UL measurement RS (SRS) for DL beam indication. 
· The stark difference between DL and UL beam indication also overlooks beam correspondence (solidified in RAN4 months after the official completion of Rel.15 NR where beam correspondence is defined as a requirement of a UE to select an uplink beam for transmission based on downlink measurements with (for “Bit0” UEs) or without (for “Bit1” UEs) relying on uplink beam sweeping)
· Separate beam indication and beam update mechanisms for data and control via PDCCH (L1 DL control), leading to complex “default” beam behavior and inefficiencies:
· Different BLER requirements for data and UE-dedicated control does not necessitate the use of different TX beams. On the contrary, both data and UE-dedicated control experience the same spatial channel. Different BLER requirements should be handled only via power control and MCS selection.
· Common data and control beam indication is only available via MAC CE (L2) which is too slow for high speed and large number of TCI states

To overcome such limitations, several directions for Rel.17 enhancements are proposed:
· L1-based beam indication (TCI update) to enable common DL data and UL-dedicated control TX beam operation
· It seems natural that the same optimum beam (i.e. based on QCL assumption and/or TCI state) can used for the DMRS port of a PDSCH and the DMRS port of its corresponding PDCCH
· The TCI state for UE-specific DCI carrying DL assignment (on PDCCH) and the DL data (in PDSCH) is common and updated together via L1 DL control channel. To have a common TCI state for the DMRS port of PDSCH and for the DMRS port of its corresponding PDCCH, it would not be possible to signal the TCI state in the same PDCCH. 
· Promising solutions include UE-group DCI for common DL TCI update.  
· L2-based signalling not only increases the complexity of beam management in Rel.15/q6, but also increases latency and overhead. Note that MAC CE uses up PDSCH resources.
· To avoid excessive overhead caused by frequent reporting, enhanced signaling to address high-speed scenarios should also be studied, e.g. tracking of multi-path, a TCI state corresponding to a series of source RS resource indices 
· To enable BM-based inter-cell mobility (using the same solution), include PCI in TCI state (either explicitly or implicitly)
· For this operation, full-fledged RRC reconfiguration should be minimized as a UE moves from one cell to another. 
· L3 filtering can be circumvented for RSRP or SINR measurement
· Unified TCI framework for DL/UL beam indication 
· Given the cross-usage of measurement RS as well as beam correspondence, it might be beneficial to use the same list of trigger states for both DL and UL beam indication   
· When beam correspondence holds, common TCI state update for DL and UL can be supported. 

Given that the unified TCI framework is used for both L1-centric mobility and UL multi-panel, the work on L1-centric mobility will take precedence over that for UL multi-panel while keeping in mind that the unified TCI framework is design for both DL and UL. Once the work for unified TC framework (for data-control, DL-UL), fast panel selection (for, e.g. mitigating the UL coverage loss due to MPE regulation) can be accommodated via panel-specific UL TCI state (regardless whether this ULTCI state needs to be explicitly signaled). This can be realized, e.g. by associating/linking the UL TCI state with an index of a source RS resource or resource set.

Observation: Rel.15/16 beam management is severely deficient for supporting high (inter- and intra-cell) mobility pertinent to FR2 operators as well as scenarios requiring large number of configured TCI states.
· Mainly due to the so-called single technical framework for BM and CSI, separate L1-based beam indication for data and dedicated control, and separate beam indication framework for DL and UL
Proposal: To support high intra-/inter-cell mobility and large number of configured TCI states with high efficiency (I terms of latency and overhead):
· Support L1-based beam indication (TCI update) to enable common DL data and UL-dedicated control TX beam operation
· Investigate mechanism(s) to efficiently signal the TCI state via PDCCH including for high-speed scenarios, e.g. UE-group DCI, TCI state per source RS group (for multi-path tracking of TCI state)
· Include PCI in TCI state (either explicitly or implicitly) to support BM-based inter-cell mobility 
· Investigate mechanism(s) to minimize RRC reconfiguration and/or L3 filtering of UE measurements
· Note: To have a common TCI state for the DMRS port of PDSCH and for the DMRS port of its corresponding PDCCH, it would not be possible to signal the TCI state in the same PDCCH.
· Work on the details for unified TCI framework for DL/UL beam indication considering at least 
· Joint usage of source RSs for DL and UL bema indications
· Beam correspondence
· Fast panel selection by linking UL TCI state and source RS resource or resource set ID

Item 2: Multi-TRP enhancement
3 
PDCCH enhancement
To improve reliability and robustness of PDCCH, Rel.PDCCH repetition through multi-beam/-TRP is proposed. : In terms of the domain, TDM, FDM, and/or SDM can be used., In terms of resources, CORESET, search-space, and/or REG also apply. 
A good starting point from Rel.15/16 is where a UE can receive repeated PDCCHs in time domain with different beams for P-RNTI monitoring (paging). For a CORESET configured for paging, a set of PDCCH monitoring occasions are formed where each occasion is associated with different SSB. P-RNTI scrambled PDCCH is repeatedly transmitted in the set of PDCCH monitoring occasions with their associated SSB beams [2], as illustrated in Figure 1.
[image: ]
[bookmark: _Ref40414024]Figure 1 Rel.15 beam sweeping mechanism for PDCCH scrambled with P-RNTI

Such design can be readily applied to the CORESET for other purposes as well. As shown in Figure 2, a CORESET can be configured with multiple TCI states either implicitly or explicitly. Then, the TCI states can be associated with the PDCCH monitoring occasions for the CORESET by a certain order, e.g., in a cyclical manner. Such approach for PDCCH repetition is especially beneficial for UE implementation. The burden from implementing PDCCH repetition can be minimized since the existing repetition mechanism for paging is reused.

Observation: Rel.15/16 UE can utilize multiple QCL assumptions within a single CORESET
Proposal: Support association between single CORESET and multiple TCI states for PDCCH beam sweeping for PDCCH repetition.

[image: ]
[bookmark: _Ref40414062]Figure 2 An example of beam sweeping support for PDCCH repetition

PUCCH/PUSCH enhancement
In Rel.15/16 PUCCH/PUSCH repetition, the number of allocated RBs for repeated PUCCH and PUSCH should be the same across slots or sub-slots. This is so because a single TRP case is the target scenario. Thus, a simple resource allocation scheme for repetitive transmission is preferred, e.g., indicating a single frequency domain resource allocation and applying same information for all repetitions. 
To improve reliability and robustness, it is proposed that the PUCCH/PUSCH repetition be extended to multi-TRP scenario. In multi-TRP scenario, distances between a UE and TRPs are usually different each other. The longer (shorter) the distance between a UE and a TRP is, the larger (smaller) pathloss the UE would experience and need to compensate. Figure 3 illustrates an example of different PUCCH/PUSCH resource allocation per TRP. The distance between TRP#1 and UE is larger than that of between TRP#2 and UE. Thus the PUCCH/PUSCH transmitted by UE to each TRP may experience different pathloss and blockage. On the one hand, to compensate large pathloss between TRP#1 and UE, narrow BW is allocated for PUCCH/PUSCH transmission, i.e., small number of RBs. On the other hand, since smaller pathloss between TRP#2 and UE than that of between TRP#1 and UE, wider BW can be allocated, i.e., large number of RBs. The same restriction on the RB allocation is deficient for multi-TRP case due to different pathloss and blockage environments across TRPs. 
Therefore, our proposal is to study flexible RB allocation per TRP for PUCCH/PUSCH repetition considering some parameters (e.g., pathloss, power control, beam/QCL related information, etc.). In that case, we also consider whether/how to support soft combining for PUCCH repetition and/or PUSCH repetition.
[image: ]
[bookmark: _Ref40414133]Figure 3 An example of different PUCCH/PUSCH resource allocation per TRP

To evaluate the proposals for Rel.17 PUCCH/PUSCH repetition in multi-TRP, the evaluation methodology (EVM) in addition to that in Rel.16 will need to be discussed. For instance, we can consider LLS assumptions for Rel.16 eURLLC (TR 38.824 A.3) as a starting point. Based on the link level simulator (LLS), the block error rate (BLER) is a key performance metric with target reliability as 99.999% which represents the requirement for remote driving. Compared with the proposed PUCCH/PUSCH repetition schemes, Rel.15 slot aggregation and Rel.16 eURLLC repetition schemes can be considered as baseline schemes. For scenario and channel model, we can reuse the model in 38.913 as much as possible. The blockage for a certain TRP on FR2 can be modelled by giving a certain blockage probability or SNR offset between TRPs, e.g., -3, -6, -20 dB. Regarding decoding assumptions, whether/how to allow/perform soft combining for PUCCH/PUSCH repetition can be discussed with the backhaul assumption. Regarding the resource configuration, e.g., targeted PUCCH format (considering short PUCCH only, long PUCCH only, or both short and long PUCCHs), the number of RBs/symbols, and beam-related configuration/indication can be considered.

Observation:
· PUCCH/PUSCH repetition in Rel.15/16 is performed using the same number of RBs.
· The same restriction on the RB allocation is deficient for multi-TRP case due to different pathloss and blockage environments across TRPs.
Proposal: 
· Study whether/how to support soft combining for PUCCH repetition and/or PUSCH repetition.
· Study flexible RB allocation per TRP for PUCCH/PUSCH repetition
· Regarding EVM (beyond that from Rel.16), consider the following components:
· LLS assumptions for Rel.16 eURLLC (TR 38.824 A.3) as a starting point: Target reliability can be 99.999% (requirement for remote driving)
· Rel.15 slot aggregation, Rel.16 eURLLC repetition scheme as baseline schemes
· Reuse 38.913 as much as possible for scenario and channel model (with blockage model for FR2)
· Decoding assumptions for soft combining with backhaul assumption
· Resource configuration (targeted PUCCH format, number of RBs/symbols, beam-related configurations)

Enhancements for inter-cell multi-TRP operation
To support inter-cell multi-TRP operation, the network should be able to inform UE the QCL reference RS from the non-attached cell. It is needed especially for the case when UE is to receive PDCCH or PDSCH from the cell where the time/frequency is not tightly synchronized with the attached cell. However, Rel.16 NR QCL framework allows such QCL reference only for the case when such non-attached cell is configured as the serving cell for a different CC. This restriction comes from the fact that in Rel.16 assigns one PCI per ServingCellConfigCommon (mapped to one or more CCs), and for a given CC, only SSB indices from the assigned PCI can be used as a QCL reference. Hence, to support QCL reference RS from non-attached cell in the same CC, two ServingCellConfigCommon shall be configured for the CC. But this approach not only consumes CA capability of a UE, but also increases RRC overhead significantly.
On the other hand, Rel.16 NR supports configuration of SSBs and CSI-RSs for mobility with different PCIs for mobility measurement purpose. For each serving cell, RRM measurement setting can be configured which contains PCI lists to measure the corresponding SSBs, SMTC information on those SSBs, resource configuration on CSI-RSs for mobility, and so on.
Figure 4 depicts the four possible deployment cases for multi-TRP. Observe that when measurement of SSBs and CSI-RSs for mobility with different PCIs is already available, case #2 can be supported with relatively low specification impact. One way to support case #2 is to enhance the TCI/QCL configurations to include PCI(s). In this manner, SSBs from non-serving cell configured for mobility can be referred as a QCL reference RS. Another way is to introduce CSI-RS for mobility as the QCL reference RS.

Observation: 
· Rel.16 NR does not support QCL reference RS from other cell(s) in the same frequency layer without CA-like approach.
· Rel.16 NR supports configuration of SSB and/or CSI-RS for mobility with different PCIs.
Proposal: Consider the following options to support inter-cell multi-TRP operation
· Option 1: Enhance the TCI/QCL configurations to include PCI(s)
· Option 2: Introduce CSI-RS for mobility as the QCL reference RS for TRS
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[bookmark: _Ref40414194]Figure 4 Various deployment scenarios for multi-TRP operation

Enhancements for multi-TRP Tx with multi-panel Rx
In Rel.15/16 PCell and SCell BFR, the beam failure detection (BFD) RS set can be configured by higher layer signaling which includes periodic CSI-RS resource configuration indices. If the BFD RS set is not configured for a UE, the UE determines the BFD RS set by itself to include periodic CSI-RS resource configuration indices with same values as the RS indices in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH. If there are two RS indices in a TCI state, the BFD RS set includes RS indices with QCL-TypeD configuration for the corresponding TCI states. The UE expects the BFD RS set to include up to two RS indices with a single port. Based on the RSs included in the BFD RS set, the UE assesses the radio link quality to determine whether the BFD is occurred and, in turn, provides an indication to higher layers only when the radio link quality for all BFD RSs in the BFD RS set is lower than the threshold.
In Rel.16, for multi-DCI based operation, each CORESET is configured with CORESETPoolIndex associated with a TRP. Based on the Rel.15/16 BFD indication, the UE connected with two TRPs (TRP#1, TRP#2) cannot perform BFR procedure when only a single BFD RS (the RS of the CORESET TCI state with CORESETPoolIndex 0 associated with TRP#1) has the radio link quality lower than the threshold and therefore the UE should use the BFD RS to decide the BFD indication. Moreover, the maximum number of CORESETs per higher layer parameter PDCCH-config can be up to 5. As a consequence, more than two BFD RSs is needed to manage the radio link quality of all CORESETs configured to the UE and monitor beam failure. If so, based on the Rel.15/16 BFD indication, the probability of performing BFR (i.e. all BFD RSs have lower radio link qualities than the threshold) is lower than the case of two BFD RSs, and the corresponding latency will increase. Therefore, our proposal is to support partial BFR based on new BFD RS set (e.g., per TRP).
Figure 5 depicts an example of partial BFR for multi-TRP. For all cases, it is assumed that the total number of BFD RSs is 4, two BFD RSs for each TRP, and the radio link quality of the 2nd BFD RS corresponding to the TRP#1 is higher than the threshold only among all BFD RSs. For Rel.17 BFR, the BFD indication rule is applied per TRP, i.e., two BFD RSs for each TRP. As evident, the BFR cannot be triggered based on Rel.15/16 BFR due to the well-connected 2nd BFD RS. However, the proposed per-TRP partial BFR can be triggered since all BFD RSs for TRP#2 are failed.
[image: ]
[bookmark: _Ref40414271]Figure 5 An example on partial BFR for multi-TRP
In Rel.15, simultaneous reception rule for some channel combinations is defined based on the assumption of single Rx panel at UE. Rel.16 extends the rule to allow reception of overlapped PDSCHs by multiple Rx panels, while reception of other overlapped channels has not treated yet due to the limited time. As a consequence, TRPs have to transmit the channel combinations (except PDSCHs) in TDM even if UE is capable of simultaneous reception. This results in unnecessary loss in overall NW throughput. In our view, it is important to support   channel combinations to allow multi Rx panel reception. As a first step, a rule for simultaneous reception for single Rx panel needs to be established for channel combinations beyond Rel.16 such as PDCCH + PDSCH scheduled after TimeDurationForQCL.

Observation: gNB cannot acquire any TRP related information from Rel.15/16 PCell/SCell BFR.
Proposal: 
· Support per-TRP partial BFR based on new BFD RS set (e.g. per TRP)
· Support multi Rx panel based simultaneous reception of overlapping channels other than PDSCHs.
· Extend simultaneous reception rule of overlapping channels beyond Rel.16.

HST-SFN enhancements
In Rel.16, NW performs SFN transmission in a spec-transparent manner in RAN1 perspective. Besides, Rel.16 QCL framework allows only a single TRS for time/frequency tracking reference of PDSCH where the time/frequency offset and spread between the TRS and PDSCH are assumed to be the same. In other words, in Rel.16 if NW is to transmit PDSCH in the SFN manner, a TRS used as a QCL reference will be transmitted in SFNed manner too.
In a typical deployment scenario where cell edge UEs and cell center UEs co-exist in a NW, NW would schedule SFNed PDSCHs to cell edge UEs to provide enough coverage to them. On the other hand, it would schedule non-SFNed PDSCHs to cell center UEs to efficiently utilize the NW resource. To support the aforementioned scenario in Rel.16, NW needs to configure TRSs independently for SFNed and non-SFNed PDSCH transmission which results in additional TRS overhead. Considering that multiple TRSs can be used for beam management in FR2, the additional TRS overhead can be excessive. The TRS overhead issue can be easily resolved by expanding the current QCL framework to support multiple QCL reference RSs for time/frequency tracking in SFNed PDSCH transmission. In other words, SFNed TRS would not be needed when multiple non-SFNed TRS can be configured as a QCL reference of SFNed PDSCH.
For HST-SFN, both FR1 and FR2 are considered important in upcoming commercial deployments so that EVM for both frequency ranges shall be specified simultaneously. HST-SFN deployment for FR1 is being specified in Rel.16 NR HST WID in RAN4 and high speed scenario for FR2 is already included in TR 38.913 as one of the main deployment scenario for NR, each depicted in Figure 6. The aforementioned scenarios are good starting points for EVM discussion. As a baseline scheme for HST-SFN in both frequency ranges, existing spec-transparent SFNed PDSCH transmission can be used.

Observation: 
· To support SFN transmission in Rel.16 both TRS and PDSCH should be SFN in a spec-transparent manner.
· Additional TRS overhead should be taken into account to support non-SFNed PDSCH as well as SFNed PDSCH in Rel.16.
· Both FR1 and FR2 are important scenarios for commercial deployments.
Proposal: 
· Study the mechanism to apply multiple QCL assumptions for decoding of SFNed PDSCH while non-SFNed TRS is transmitted from each TRP.
· Consider the followings for HST EVM:
· Support HST-SFN scenario considered in Rel.16 RAN4 HST for FR1 deployment
· Support high speed scenario in TR 38.913 for FR2 deployment
· Support spec-transparent SFNed PDSCH transmission as a performance baseline for both FR1 and FR2

[image: ]
[bookmark: _Ref40414345]Figure 6 HST deployment scenarios for FR1 and FR2

Item 3: SRS enhancement
4 
5 
Since Rel.16 aperiodic SRS should be triggered by one of UE-specific DCIs based on the semi-static triggering offset configured by higher layer, it has been observed that PDCCH conveying the triggering DCIs can be overloaded especially in TDD system with DL heavy traffic. One of the most intuitive solutions to resolve the bottleneck is to introduce dynamic triggering offset via DCI. With this approach, gNB can scatter the triggering DCIs accordingly at the cost of additional DCI payloads and/or higher layer signalling. Another way based on the existing features, e.g. from SRS carrier switching, is to adopt automatic delaying of SRS transmission to the valid UL OFDM symbols when the originally indicated OFDM symbols are not available for SRS transmission. The support of group-common DCI for aperiodic SRS triggering could be another method to fundamentally reduce the PDCCH overhead for triggering DCIs.
Given that aperiodic SRS could play key roles for various applications, each of the options above may have its own pros and cons depending on the scenarios. For instance, when the potential amount of PDCCH resources is limited due to the narrow bandwidth or opportunistic transmissions in NR-U, etc., one of the second or third options could be a better solution than the first one in offering more chances to trigger SRSs from more UEs. Therefore, further study should be carefully done by taking into account aspects such as the actual PDCCH overhead according the practical traffic model and UE distributions.
In the FeNR-MIMO WID, it was clarified to specify SRS switching for up to 8 antennas at UE side. Regarding to the SRS antenna switching enhancements, one of the most important criteria is to focus on practical UE implementation scenarios to reduce efforts in specifying combinations that would never been used. For instance, 6 Rx cases comprising 3 panels are important UE antenna modelling for commercial UEs in FR2. Regarding FR1, it would be feasible to consider omni-directional antenna as the baseline. For the maximum number of TX antennas, we suggest to focus on up to two unless some UE vendors plan to implement UEs with 4 TX antennas in the near future.
Although any OFDM symbol in a slot can be a candidate for SRS transmission Rel.16, there has been no enhancement on the maximum number of SRS OFDM symbols within a slot for a UE. That is, only up to 4 OFDM symbols in a slot can be used for SRS repetition. Compared with the Rel.16 LTE in where all the 14 symbols can be utilized SRS transmission for a UE, the capacity/coverage of NR SRS could be relatively low. At least three options can be considered to address this issue: 1) SRS bundling in time and/or frequency domain to provide comparable coverage with PUCCH/PUSCH slot aggregation, 2) partial sounding to extend SRS capacity/coverage without additional SRS resource overhead by interpolation or extrapolation at gNB side, and 3) increasing repetition numbers.

Proposal: 
· Investigate and support one of the following options for more flexible triggering on aperiodic SRS
· Option 1: dynamic triggering offset control (e.g., DCI) – flexible control of slot offset via DCI
· Option 2: Automatic delaying of SRS transmission (similar as LTE SRS carrier switching) 
· Option 3: Group-common DCI for SRS triggering for PDCCH overhead reduction
· Consider practical UE antenna assumptions to specify and evaluate the required combinations of SRS resource set and SRS resource(s) per set for SRS switching for up to 8 antennas
· 6 Rx cases comprising 3 panels are important from commercial perspective
· Omni-directional antenna should be the baseline for FR1
· Do not consider 4 Tx cases in FR1
· Consider the following options for SRS capacity/coverage enhancements in Rel.17
· Option 1: Bundling (e.g., time and/or frequency-domain bundling size)
· Option 2: Partial sounding (e.g., through interpolation/extrapolation at the gNB based on partial sounding)
· Option 3: Increase repetition

Item 4: CSI enhancement
NC-JT CSI enhancements
In Rel.16 NR CSI framework, CMR and IMR are one-to-one mapped for a given CSI reporting setting. So when a NW is to obtain CSI for multiple interference hypotheses, it needs to configure the CSI reports equal to the number of interference hypotheses. In practical NC-JT deployment, NW needs to dynamically switch between NC-JT and non-NC-JT transmission depending on traffic condition and channel quality. For such operation, it needs to configure independent CSI reports from cooperating TRPs under NC-JT interference and those under non-NC-JT interference. For example, 4 CSI reports for two TRP cooperation is shown in Figure 7. If the number of cooperating TRPs increases, the number of required CSI reports will increase exponentially. Since the number of CSI reports in a BWP is limited by UE capability, which is up to 4 per time-domain behavior, Rel.16 based NC-JT CSI report consumes significant amount of UE capability for CSI, even for two-TRP scenario.

[image: ]
Figure 7 An example of CSI report configuration for two TRPs

The aforementioned CSI overhead can be reduced by allowing multiple interference hypotheses for a single CSI report. In other words, the IMR for NC-JT hypothesis and that for non-NC-JT hypothesis can be separately configured, and both of them can be mapped to a single CMR in a CSI report. The UE can select the preferred interference hypothesis to report according to channel condition which eventually reduces the total number of CSI reports to one half of that from current CSI framework.
For EVM, the number of CSI reports be applied across all the schemes under study should first be agreed for fair comparison. As a baseline, we can consider the scheme where only CSI with a single interference hypothesis, e.g., non-NC-JT interference hypothesis, for NC-JT scheduling. For deployment scenario, the agreed scenario for multi-TRP in Rel.16 eMIMO can be reused as a starting point. To clearly show the impact of CSI mismatch on NW performance, the number of antenna elements at each TRP is specified in TR 38.913, e.g., up to 256 elements.

Observation: At least 4 different CSI reports should be configured to measure different interference hypothesis when the number of cooperating TRPs is two.
· [bookmark: _GoBack]When the number of cooperating TRPs is larger than two, the number of required CSI reports exponentially increases
Proposal: 
· Support reporting the preferred interference hypothesis for NC-JT operation.
· Consider the followings for EVM in NC-JT CSI enhancement:
· CSI with single interference hypothesis, e.g., non-NC-JT hypothesis, as a baseline
· Multi-TRP scenario agreed in Rel.16 eMIMO as baseline
· Consider up to 256 antenna elements per each TRP as specified in TR 38.913

CSI enhancements for FDD
The first part of the objective is about the evaluation (study) phase of this item. Using the evaluation methodology (EVM) for Rel.16 eType II as a starting point, additional assumptions for FDD reciprocity need to be included in the EVM. In particular, practical system aspects of the reciprocity based operations should be modeled as much as possible, and their impact on performance (of both baseline and enhancements) should be investigated. A summary of realistic system aspects of reciprocity-based operations is provided in Table 1.

[bookmark: _Ref40271286]Table 1: Practical system aspects for reciprocity based operation
	Category
	Aspects

	Estimation of “delay(s) and angle(s) related information at gNB
	· Channel model for reciprocity 
· Frequency offset modelling (based on 36.897 or 38.901) 
· Carrier frequency and duplexing distance
· SRS configuration 
· Parameters (SRS bandwidth, #OFDM symbols, comb, #ports, periodicity, time-bundling and antenna switching)
· SRS configuration for potentially large (e.g. 10x) #users
· Time multiplexing?
· UL Tx power: same Tx power for all UEs, or realistic Tx power model

	Using the estimation information to obtain remaining DL CSI
	· Beamformed CSI-RS
· oversampled DFT beams or other (e.g. eigenvectors)
· UE-specific or cells-specific

	UL/DL reciprocity errors 
	· Different transmit and receive RF circuitry at the gNB
· Different interference profile in UL and DL transmission



Such system aspects can have significant impact of the performance of different schemes (baseline and enhancements). Our views about some of these aspects are as follows.
· Channel model for reciprocity: There are two available models: one according to 36.897 and another according to 38.901. In our view, the model according to 36.897 is preferred since it is specifically for reciprocity modelling. Regarding the carrier frequency and duplexing distance, either 2 or 4 GHz with 100 and 200 MHz duplexing distance is preferable.
· SRS configuration: To avoid the effect of different SRS assumptions on results across companies, it is preferred to align the assumption about the SRS configuration. A small number (e.g. 2) of candidate SRS configuration (BW, SRS period, comb, number of OFDM symbols, number of ports, Tx power, number of users etc.) combinations can be considered. This is to ensure that the impact of different SRS configurations on performance of different schemes is not overlooked during the evaluation.
· Beam-formed CSI-RS: How and what beamforming weights are used need to be aligned. For example, orthogonal DFT beams with a fixed oversampling factor can be considered. Also, whether CSI-RS is UE-specific or cell-specific needs to be discussed.
· Difference in UL and DL RF circuitries at gNB, and difference in UL and DL interference profiles 
Regarding the performance evaluation metric, similar to Rel.16 eType II, user perceived throughput (UPT) vs. overhead can be considered. Both average and 5% UPT can be considered and the overhead should include both CSI as well as SRS overhead. The DL RS (CSI-RS and DMRS) overhead and periodicity should be considered in the UPT calculation. Finally, how UE complexity can be used as another trade-off parameter in addition to UPT and overhead is unclear. The UE complexity depends on specific UE implementations, hence it is difficult to quantify.
The second part of the objective is about the baseline(s) and potential enhancement(s). The baseline can be Rel.16 enhanced Type II port selection codebook. Another baseline can be Rel. 16 enhanced Type II codebook. Some of the potential enhancements can be as follows:
· Codebook enhancements: 
· There are no new codebook components (e.g. codebook components are the same as in Rel.16) - PMI components (e.g. from Rel.16 enhanced Type II port selection codebook) are partitioned into two sets (S1 and S2) 
· S1: not reported, gNB obtains them based on SRS by utilizing DL/UL reciprocity of angle and delay. 
· S2: reported
· A new codebook is designed. 
· CSI-RS enhancements: since CSI-RS ports are beamformed using angle(s) or/and delay(s), there can be some CSI-RS enhancement necessary to support the codebook for reciprocity. 

Observation: 
· The practical system aspects of the reciprocity based operations (as summarized in Table 1) is expected to have significant impact on performance.
· Since UE complexity depends on specific UE implementations, it is difficult to quantify, hence it is unclear how it can be used as another metric in this evaluation.
Proposal: 
· For the evaluation of reciprocity-based CSI enhancements,  
· The EVM for the Rel.16 eType II codebook is the starting point.
· The additional practical system aspects for reciprocity based operation, as summarized in Table 1 are included.
· For performance evaluation, similar to Rel. 16, UPT vs. overhead trade-off is used.
· It is unclear how to incorporate UE complexity in conjunction with UPT vs. overhead
· Both Rel. 16 eType II and eType II port selection codebooks are baseline for this evaluation. 
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Figure B.3A-1: Deployment of HST-SFN (in TS 36.101)
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Figure 6.1.5-2: 30 GHz deployment (in TR 38.913)
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