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Introduction
NR Work Item (WI) on further enhancements on MIMO (feMIMO) [1] defines the following objective of performance part:
	· Specify necessary UE performance requirements for the specified enhancements


The WI Description (WID) also includes the following features to be specified that have a potential impact on UE demodulation and CSI requirements:
	· Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
· 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:
· Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
· Unified TCI framework for DL and UL beam indication
· Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
· 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 
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· 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 
· Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
· Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
· Enhancement to support HST-SFN deployment scenario:
· 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
· 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





	· Enhancement on CSI measurement and reporting:
· 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
· 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


In this paper we provide the overview of MIMO-related features introduced in Rel-17 and discuss their potential impact on demodulation and CSI requirements. Based on this analysis we conclude what kind of performance requirements should be introduced.
Discussion
General
According to the WID, only UE demodulation performance requirements should be defined. Therefore, we can exclude all UL related features from further discussion. Besides that, beam management enhancements are not relevant to demodulation performance and hence can also be skipped. In other words, we can focus only on the following topics: 
· Enhancements for Multi-beam operation 
· Enhancements for multi-TRP deployments
· CSI measurements and reporting enhancements
Another down scoping should be made for multi-panel FR2 UEs. Most of the Rel-17 feMIMO features for FR2 are defined for scenario with simultaneous signals reception from different directions that means simultaneous reception of signals with different QCL Type-D configurations. However, current OTA test methodology for UE demodulation requirements as Radiated Two Stage method assumes that UE RX beam is locked during the test. Therefore, simultaneous reception from two AOAs is not supported now and requires changing of current test methodology. 
This issue is also discussed for RRM and RF requirements definition and addressed in more details in our companion paper [2]. We think that it is not feasible to enhance the current test methodology in Rel-17 stage hence we suggest focusing on performance requirements definition for FR1 and comeback to FR2 in future release.
Proposal 1:	Do not define demodulation performance requirements for scenario with simultaneous signals reception with different QCL type-D in Rel-17.
Proposal 2:	Deprioritize performance requirements definition for FR2.
Multi-beam operation enhancements
In this section we provide the overview of features defined for multi-beam operation to conclude on necessity of corresponding performance requirements.
Inter-cell beam management
Legacy inter-cell mobility is based on L3 handover procedure. It involves RRC reconfiguration to update cell-specific parameters every time when UE moves from one cell to another. Such mechanism incurs large latency due to high layer processing and update of RRC configuration. 
For FR2 it is more natural to allow beam-based handover instead of cell-based. Beam based handover relies on L1/L2 processing and can provide seamless UE inter-cell mobility with less interruptions. To define beam-based handover, RAN1 and RAN2 have allowed to measure, report, and indicate beams associated with SSB(s) with Physical Cell Identity(s) - PCI(s) different from serving cell PCI. 
This feature is applicable for FR2 operation and mostly related to RRM scope. Therefore, there is no need to define corresponding demodulation requirements.


TCI framework optimization
Additional optimization corresponds to update of TCI state framework. Legacy TCI state update assumes separate update of TCI state configuration for data and control channels and for UL and DL. However, in FR2 usually we can consider that the same spatial filter is used for different physical channels transmission/reception and, moreover, in case of beam correspondence for UL and DL. Therefore, a joint and separate DL/UL TCI state update was defined to reduce TCI state update overhead. In addition, new more efficient TCI framework allows to update common cross component carrier (CC) TCI state.
This feature is also applicable for FR2 operation and mostly related to RRM scope. Therefore, there is no need to define corresponding demodulation requirements.
MPE reporting
In some situations, UE can select a different UL TX beam from what BS expects. Such event can happen when UE transmission is restricted by a Maximum Permissible Exposure (MPE) regulation to prevent any excessive electromagnetic wave exposure. It helps to avoid high energy signal transmission toward a head, for example. If such direction corresponds to the best UL Tx beam and indicated by BS, some UL performance degradation can be expected. 
To address this issue, RAN1 has enhanced reporting that MPE event happens by adding additional assistance information. If the large P-MPR, alert/emergency signal or duty cyclic constraint is transmitted by the UE for the active UL beam, now UE can also report the alterative communication beam (e.g., with lower P-MPR or less duty cycle constraints) for UL transmission. This is done by reporting of additional SSBRI/CRI and associated P-MPR in PHR report. Such recovery information facilitates less MPE-limited UL Tx beam selection at BS side. 
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	Figure 1. MPE-limited situation


RAN4 has never defined performance requirements for SSBRI/CRI reporting. Therefore, we do not see a reason also to define such requirements as a part of enhanced MPE reporting.
Proposal 3:	Do not define demodulation performance requirements for inter-cell beam management, and joint and separate DL/UL TCI state update.
Proposal 4:	Do not define performance requirements for SSBRI and CRI reporting.
Enhancements for multi-TRP deployments
Inter-cell operation
Rel-16 multi-TRP operation was limited to intra-cell operation only. The main limitation to extend it to inter-cell operation, is that a non-serving cell SSB from a second TRP (with a different PCI) cannot be used as QCL source in the serving cell configuration because UE is only aware of one PCI in the serving cell. To address this issue, RAN1 has allowed to support of RRC configuration of additional PCI different from serving cell associated with the TCI state and/or QCL-info. In this case multi-DCI multi-TRP Tx scheme can be configured in the inter-cell operation mode that is beneficial from perspective of a coverage improvement.
For intra-cell multi-DCI multi-TRP operation scheme RAN4 has introduced demodulation performance requirement to verify proper UE receive processing under such configuration. Two non-overlapped PDSCHs are scheduled during the test and receive time difference between them emulates propagation delay difference. It is important to point out that UE implementation with a single FFT window has been assumed in RAN1 and RAN4. 
According to the conducted study [3] receive time difference can be negative and positive depending mainly on a UE synchronization strategy. Typical values of receive time difference for UMa deployment with ISD as 500m is in the range [-0.5;2]us. For performance requirements for multi-DCI Tx scheme -0.5us value was chosen. Other values have been used in test cases with another multi-TRP Tx scheme configurations.  
From receive time difference distribution there is no difference whether inter-cell or intra-cell operation is assumed because the same principle of the single FFT window has been used for Rel-17 inter-cell operation mode: 
	Agreement [4] 
The UE may assume received DL transmission from multiple TRP within a CP in FR1 and FR2


Therefore, the same values as [-0.5;2]us range are applicable for inter-cell multi-TRP operation scenario. From receive processing perspective, we also do not see a difference between scenarios when inter-cell or intra-cell multi-TRP configuration is considered. In both scenarios UE should do simultaneously independent demodulation for each PDSCH. The formal difference is in only of SSB PCIs received from two TRPs. 
In this case we do not see a value to define dedicated performance test case for multi-DCI inter-cell multi-TRP Tx scheme. We suggest two alternatives for further discussion:
· Alt1: Define applicability rule for UE that supports “IntCell-mTRP” feature that if such UE satisfied Rel-16 minimum requirements for PDSCH multi-DCI based transmission scheme, inter-cell operation can be also guaranteed.
· Alt2: Add a note to specification that if UE supports “IntCell-mTRP” feature, minimum requirements for PDSCH multi-DCI based transmission scheme is applicable for this UE, but test configuration (i.e., RRC, SSB) should reflects inter-cell operation mode. Applicability rule between requirements for intra-cell and inter-cell scenarios can be further discussed.
Proposal 5:	Do not define a dedicated test case for inter-cell multi-DCI multi-TRP Tx scheme performance verification.
Proposal 6:	Discuss the following alternatives how to guarantee demodulation performance for inter-cell multi-DCI multi-TRP Tx scheme
· Alt1: Define applicability rule for UE that supports “IntCell-mTRP” feature that if such UE satisfied Rel-16 minimum requirements for PDSCH multi-DCI based transmission scheme, inter-cell operation can be also guaranteed.
· Alt2: Add a note to specification that if UE supports “IntCell-mTRP” feature, minimum requirements for PDSCH multi-DCI based transmission scheme is applicable for this UE, but test configuration (i.e., RRC, SSB) should reflects inter-cell operation mode. Applicability rule between requirements for intra-cell and inter-cell scenarios can be further discussed.

Enhancements for physical channels other than PDSCH
Enhancements for multi-TRP operation in Rel-16 were focused on PDSCH reliability improvement while reliability for PDCCH was not considered. To ensure overall system reliability, repetition scheme for PDCCH was also introduced in Rel-17. 
In PDCCH repetition scheme encoding/rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
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	Figure 2. FDM and TDM PDCCH repetition scheme


Repetition can be performed in spatial, time and frequency domains. Repetition in spatial domain referrers to PDCCH SFN Tx scheme and relates to HST-SFN Scheme A feature. TDM and FDM repetition schemes refer to a separate Multi-TRP PDCCH repetition feature (Figure 2).
SFN PDCCH Tx scheme can be considered as a part of HST-SFN Scheme A performance test case when both PDSCH and PDCCH can be transmitted using SFN scheme A. For FDM and TDM repetition RAN4 needs to define separate performance requirements. 
In FDM/TDM repetition scheme two linked search spaces (SS) associated with a single CORESET and two PDCCH candidates are explicitly linked together. In this case UE has different options how to perform PDCCH reception depending on UE capability on number of supported Blind Detections (BD): separate decoding for each candidate, separate decoding for each candidate + combined decoding. 
TDM scheme was mainly defined for single panel FR2 operation. Same time FDM scheme allows latency advantage compared to the TDM scheme. In this case we propose to define performance requirements for PDCCH FDM repetition scheme.
Proposal 7:	Define demodulation performance requirement for PDCCH FDM repetition scheme.
As initial simulation assumptions, we propose the following configuration: 
Table 1. PDCCH simulation assumptions
	Parameter
	Value

	
	FDD 15 kHz SCS
	TDD 30 kHz SCS

	CBW
	10 MHz
	40 MHz

	Antenna configuration
	2x2; 2x4 (2Tx for each TRP)

	CORESET RB
	24
	48

	CORESET Duration
	2

	Aggregation level
	4, 8

	CCE-REG mapping
	Non-interleaved

	REG bundle size
	6

	Propagation conditions
	TDLA30-10

	Test metric
	SNR @1% Probability of missed downlink scheduling grant


Proposal 8:	Consider simulation assumptions from Table 1 for PDCCH repetition scheme performance requirement definition.
Enhancements for HST-SFN deployment
Support of SFN transmission in HST deployments introduces some practical challenges for the frequency offset tracking required in such type of the deployment scenario due to large Doppler shifts. More specifically, SFN combining of TRS transmission from RRHs makes reliable estimation of the frequency offset difficult for the conventional receiver. 
To optimize demodulation performance in HST-SFN scenario, RAN1 has introduced new transmission scheme with SFN Tx of PDSCH/PDCCH and distributed TRS Tx from different RRHs - SFN scheme A. The main difference between conventional SFN transmission scheme and SFN transmission with distributed TRS is a more accurate frequency and time offset estimations per each RRH especially in case of some drift of local oscillator frequency. Based on the conducted previous RAN4 and RAN1 studies this scheme allows to significantly improve demodulation performance especially for high order modulations [5][6]. 
	


	Figure 3. HST-SFN Scheme A


Considering performance benefits and new receive processing required for SFN scheme A, we recommend defining demodulation performance requirements with this scheme.
HST-SFN performance requirements with baseline Rel-15/16 Tx schemes are already defined for FR1. However, in HST-FR2 WI conventional SFN scheme was excluded due to discussed in section 2.1 limitations on current OTA test methodology. Only HST-DPS Tx scheme is considered in Rel-17 for HST-FR2 operation.
Observation #1: HST-SFN Tx scheme is not considered for demodulation performance requirements definition in HST-FR2 WI.
Considering that there are no performance requirements for conventional HST-SFN scheme for FR2, we also do not see a value to define HST-SFN scheme A requirements for FR2. Therefore, we propose to define performance requirements for SFN scheme A only for FR1.
Proposal 9:	Define demodulation performance requirements for SFN Scheme A. Define requirements only for FR1 in Rel-17.
eHST Rel-17 WI specifies Carrier Aggregation (CA) requirements for FR1 HST operation. All technical issues are already resolved, and WI is close to the final stage. Specification of CA requirements in addition to the single carrier (SC) requires some additional simulations for other CBWs. Test configurations for CA are mainly reused from SC test cases. Considering limited workload, we recommend defining performance requirements for CA with HST-SFN scheme A also.
Proposal 10: 	Define demodulation performance requirements for SFN Scheme A for CA.
We propose initial simulation assumptions in Table 2. They are mainly based on Rel-16 HST-SFN test configuration. For MCS we have two options for further discussion: MCS 13 as in HST-SFN and MCS 17 as in HST-DPS.
Table 2. PDSCH simulation assumptions for SFN scheme A single carrier
	Parameter
	Value

	
	FDD 15 kHz SCS
	TDD 30 kHz SCS

	CBW
	10 MHz (5, 10, 15, 20, 25, 30, 40, 50 for CA)
	40 MHz (5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 90, 100 for CA)

	Antenna configuration
	2x2; 2x4

	DMRS type
	Type 1

	Number of DMRS symbols
	1+1+1

	TDD pattern
	
	7D1S2U, S: 6D 4G 4U

	TRS periodicity
	10ms, 2 slot pattern

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	MCS
	MCS 13, 17 from MCS Table 1

	Rank
	2

	Propagation conditions
	HST-SFN for PDSCH, PDCCH, DMRS
HST-SFN single tap for TRS

	Ds and Dmin
	Ds =700m; Dmin=150m

	Maximum Doppler shift
	870Hz
	1667Hz

	Test metric
	SNR @70% of maximum throughput


Proposal 11:	Consider simulation assumptions from Table 2 for PDSCH HST-SFN Scheme A performance requirement definition.
CSI measurements and reporting enhancements
Enhancements for multi-TRP Tx schemes
Enhanced Multi-TRP Tx schemes besides baseline Dynamic Port Selection and Dynamic Port Blanking (DPS/DPB) were introduced in Rel-16. Multi-DCI based and Single DCI based multi-TRP Tx schemes were introduced to improve performance for eMBB use cases. 
However, CSI feedback framework was not optimized for multi-TRP operation due to lack of time in Rel-16. Same time, CSI information which is not aligned with the transmission scheme configuration may lead to a degradation of a system performance due to non-optimal scheduling decision (UE selection and selection of transmission scheme), wrong number of transmission layers and MCS mismatch. To address this issue RAN1 has introduced Rel-17 new CSI measurements and feedback features for multi-TRP operation schemes.
In Rel-16 RAN4 has introduced demodulation performance requirements for multi-DCI based Tx scheme and single-DCI based SDM Tx scheme. These schemes should be used at starting point for further discussion on necessity of CQI, PMI and RI reporting requirements introduction for multi-TRP Tx schemes. 
In RAN1 #103e meeting the following agreement was made:
	Agreement [7]
Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT


It means that repetition schemes introduced for URLLC use cases should not be considered for CSI reporting requirements definition in Rel-17 since RAN1 has optimized CSI feedback framework only for NCJT scheme (multi-DCI and single-DCI SDM scheme).
Proposal 12:	Do not consider Rel-16 repetition schemes for CSI reporting requirements definition.
Based on RAN1 design, UE should measure and report a single CQI, and separate PMI and RI values for each TRP. CQI calculation value for the multi-TRP Tx scheme is significantly different compared to a single TRP Tx scheme configuration regardless of the single DCI or multi-DCI scheme. In this case we recommend defining CQI reporting requirements for both schemes.
PMI and RI reporting requirements can be defined only for the single-DCI SDM scheme since non-overlapped PDSCH allocations are assumed for the multi-DCI Tx scheme and PMI and RI calculation for each TRP is same as for the single TRP Tx scheme.
Proposal 13:	Define CQI reporting requirements for multi-DCI Tx scheme and single-DCI SDM scheme.
Proposal 14:	Define PMI and RI reporting requirements for single-DCI SDM scheme only.
Enhancements for FDD operation
[bookmark: _Hlk92483281]Full DL/UL channel reciprocity is not available for FDD systems. However, to increase efficiency of PMI feedback, partial channel reciprocity may be considered in FDD systems assuming that angles and delays of the channel are the same for UL and DL. Utilizing this property gNB can transmit CSI-RS with specific precoder for PMI calculation. In this case UE that uses enhanced Rel-17 Port-Selection Type II Codebook can compute PMI with less complexity compared to Rel-16 Type-II Codebook. Besides that, a smaller number of bits are needed for PMI reporting with new Codebook structure.
For enhanced Rel-17 Port-Selection Type II Codebook we recommend defining PMI reporting requirement to guarantee proper UE receive processing and corresponding improved performance in FDD system.
Proposal 15:	Define PMI reporting requirements with Rel-17 FeType-II Codebooks for FDD.
Conclusion
In this paper we provided view on the list of demodulation and CSI requirements for Rel-17 feMIMO WI and made the following proposals:
Proposal 1:	Do not define demodulation performance requirements for scenario with simultaneous signals reception with different QCL type-D in Rel-17.
Proposal 2:	Deprioritize performance requirements definition for FR2.
Proposal 3:	Do not define demodulation performance requirements for inter-cell beam management and joint and separate DL/UL TCI state update.
Proposal 4:	Do not define performance requirements for SSBRI and CRI reporting.
Proposal 5:	Do not define a dedicated test case for inter-cell multi-DCI multi-TRP Tx scheme performance verification.
Proposal 6:	Discuss the following alternatives how to guarantee demodulation performance for inter-cell multi-DCI multi-TRP Tx scheme
· Alt1: Define applicability rule for UE that supports “IntCell-mTRP” feature that if such UE satisfied Rel-16 minimum requirements for PDSCH multi-DCI based transmission scheme, inter-cell operation can be also guaranteed.
· Alt2: Add a note to specification that if UE supports “IntCell-mTRP” feature, minimum requirements for PDSCH multi-DCI based transmission scheme is applicable for this UE, but test configuration (i.e., RRC, SSB) should reflects inter-cell operation mode. Applicability rule between requirements for intra-cell and inter-cell scenarios can be further discussed.
Proposal 7:	Define demodulation performance requirement for PDCCH FDM repetition scheme.
Proposal 8:	Consider simulation assumptions from Table 1 for PDCCH repetition scheme performance requirement definition.
Proposal 9:	Define demodulation performance requirements for SFN Scheme A. Define requirements only for FR1 in Rel-17.
Proposal 10: 	Define demodulation performance requirements for SFN Scheme A for CA.
Proposal 11:	Consider simulation assumptions from Table 2 for PDSCH HST-SFN Scheme A performance requirement definition.
Proposal 12:	Do not consider Rel-16 repetition schemes for CSI reporting requirements definition.
Proposal 13:	Define CQI reporting requirements for multi-DCI Tx scheme and single-DCI SDM scheme.
Proposal 14:	Define PMI and RI reporting requirements for single-DCI SDM scheme only.
Proposal 15:	Define PMI reporting requirements with Rel-17 FeType-II Codebooks for FDD.
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