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1. Introduction
[bookmark: _Hlk528680199]The demodulation part of Rel-17 FeMIMO will be started in this RAN4 101-bis-e meeting. 
Based on the latest WID [1], RAN1 has specified 4 enhanced features for FeMIMO in Rel-17:
· Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2
· Enhancement on CSI measurement and reporting
· Enhancement on SRS, targeting both FR1 and FR2
From UE demodulation perspective, only Multi-TRP and CSI will have great impact on UE performance. In this case, we will mainly discuss the Multi-TRP and CSI part in this contribution. Considering this is the first meeting for discussing it, we would like to give our analysis on the detail of these features specified in Multi-TRP and CSI. Meanwhile, we will share our views and suggestions on defining UE demodulation performance requirement.

2. Discussion
2.1 Multi-TRP
According to the agreed WID [1], the objective of Rel-17 FeMIMO for Multi-TRP is to:
	1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
0. 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 
0. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
0. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
0. Enhancement to support HST-SFN deployment scenario:
3. 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
3. 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




There are mainly four parts of enhancement on Multi-TRP deployment in Rel-17, while only three of them are related to the demodulation. We here give the analysis on the related feature for objectives a, b, d, and then give our views on the necessity of defining performance requirement. 
2.1.1 Multi-TRP for URLLC
Multi-TRP for PDCCH/PUSCH/PUCCH repetition is to improve the reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH). Right here we only consider Multi-TRP for PDCCH from UE demodulation perspective. 
From the RAN1 discussion status, approved scheme is intra-slot PDCCH repetition over two TRPs. See the figure below for illustration:
[image: ]
Figure 2.1.1-1 PDCCH repetition in two TRPs
There are two multiplex schemes for intra-slot PDCCH repetition:
· FDM multiplexing
· TDM multiplexing
See the figure below for illustration:
[image: ]
Figure 2.1.1-2 PDCCH multiplexing for Multi-TRP
Please note that RAN1 has also introduced PDCCH with SDM multiplexing as a part of HST-SFN. 
This feature is very much similar to the single DCI based TDM Scheme A in Rel-16 eMIMO, which is to distribute two different TCI states to two transmission occasions within one slot. 
RAN4 has defined performance requirement for single DCI based TDM Scheme A for PDSCH in Rel-16(refer to 38.101-4 section 5.2.2.1.11~5.2.2.1.14). Thus, for intra-slot PDCCH repetition, we think it is reasonable to have such performance requirement in Rel-17. 
Proposal 1: Define either TDM or FDM based intra-slot PDCCH repetition demodulation performance requirement for Multi-TRP in Rel-17
2.1.2 Inter-cell Multi-TRP transmission over two TRPs
This is an extension of Multi-DCI multi-PDSCH from Rel-16.
In Rel-17, there are up to 7 additional cell PCIs (except serving cell PCI) per CC that can be RRC configured according to the UE capability. See brief illustration below:
[image: ]
Figure 2.1.2-1 Inter-cell Multi-TRP transmission
However, UE always connect to the serving cell even there are other 7 additional cells are configured. Meanwhile, only 1 additional cell PCI from additional cells configured in RRC can be associated with active TCI states at a time. 
From UE demodulation perspective, we think that there is no big difference in comparison to intra-cell multi-DCI based PDSCH/PDCCH transmission except that this is a different scenario. 
Considering that we have PDSCH requirement in Rel-16, we think there is no need to define PDSCH/PDCCH demodulation requirement for inter-cell Multi-TRP transmission if intra-slot PDCCH repetition demodulation requirement is agreed to be introduced. 
Proposal 2: Not to define PDSCH/PDCCH demodulation requirement for inter-cell Multi-TRP transmission if intra-slot PDCCH repetition demodulation requirement is agreed to be introduced. 
2.1.3 HST-SFN scenario
In Multi-TRP HST-SFN deployment, if there is a train is moving with a very high speed from TRP 1 to TRP 2 and UE receives signal from both TRP 1 and TRP 2, this train will experience large effective Doppler spread so that the performance will be obviously degraded. Thus, the objective of Multi-TRP for HST-SFN scenario is to improve the estimation of Doppler and the channel. Meanwhile, it is expected to investigate Doppler pre-compensation to reduce the Doppler spread. 
[image: ]
Figure 2.1.3-1 Multi-TRP HST-SFN deployment
Currently, there are two approved schemes that are introduced in Rel-17:
· Scheme A: Per-TRS Doppler estimation
· Scheme B: Doppler pre-compensation
For Scheme A, it is assumed UE performs the Doppler estimation per TRP based on TRP specified TRS. The total channel property is acquired from the combination of two different TRP channel properties. 
[image: ]
Figure 2.1.3-2 Illustration of scheme A
Besides, following combinations of the transmission schemes are claimed to be supported:
· Single-TRP PDCCH + Rel-17 Scheme A PDSCH
· Rel-17 Scheme A PDCCH + Rel-17 Scheme A PDSCH
· Rel-17 Scheme A PDCCH + Single-TRP PDSCH
Considering that Scheme A requires estimation per TRP and aggregates the results to obtain the whole SFN channel property, which may need similar advanced channel estimation algorithms like Rel-16 HST-SFN but Doppler estimation can be simple, we think there is a need to define demodulation requirement for it. 
While for PDCCH, it is similar to intra-slot repetition except that resources are allocated in the same frequency/time domain. Thus, it can be discussed whether to still have PDCCH demodulation requirement for Scheme A if intra-slot PDCCH repetition demodulation requirement is agreed to be introduced.
Proposal 3: Define PDSCH demodulation requirement for Multi-TRP HST-SFN deployment scheme A.  
Proposal 4: RAN4 discusses and decides whether to still have PDCCH demodulation requirement if intra-slot PDCCH repetition demodulation requirement is agreed to be introduced
For Scheme B, gNB will pre-compensate the frequency difference between the two TRPs based on the estimated Doppler per TRP so that the frequencies of PDCCH/PDSCH received from the two TRPs are about the same.
[image: ]
Figure 2.1.3-3 Illustration of scheme B
There are two steps for scheme B:
1. Measurement
Using SRS or other types of Uplink signal to measure uplink Rx frequency difference between two different TRPs
From the figure above:
· 
· ,
·  
2. Pre-compensate
Network performs pre-compensation to PXSCH: PXSCH =  + 
Scheme B is network pre-compensation dominated, so that UE does not need advanced receiver like scheme A. In this case, it is unnecessary to define any UE demodulation performance requirement for scheme B. 
Proposal 5: Not to define demodulation performance requirement for scheme B
2.2 CSI reporting requirement
For CSI part of FeMIMO WI, the objective can be found here as:
	1. Enhancement on CSI measurement and reporting:
1. 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
1. 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 section, we would like to discuss the necessity of defining test cases and requirements for CSI reporting for DL Multi-TRP and enhanced Type II port selection codebook. 
Besides, the false PMI reporting issue will be discussed as well. 
2.2.1 CSI reporting requirement for Multi-TRP
 
The objective is to enhance the CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT. NCJT was introduced in Rel-16, and there is no CSI reporting was specified. There is only single-TRP CSI report, which does not take the inter-layer interference between TRPs into account. 
However, if we consider defining CSI reporting requirement for non-ideal backhaul, PDSCH overlapping in both frequency and time should be considered as well, which turns out to a need to have PDSCH requirement for frequency/time colliding case in Rel-17 since we only have PDSCH requirement for resource non-colliding case in Rel-16.
In this case, we propose to not consider defining per-TRP CSI reporting requirements.
Proposal 6: Not to define per-TRP CSI reporting requirement
2.2.2 PMI reporting requirements for new Type II port selection codebook
The Rel-17 feType II PS CB has been specified, which can be briefly summarized as follows:
For a given layer , takes the structure ,  is the number of CSI-RS ports, and  is the number of PMI subbands. 
·  is a layer-common port-selection matrix.
·  is a layer-common frequency domain (FD) compression matrix.
·  is a layer-specific coefficient matrix.
Here is the example of FeType II port selection codebook utilizing FDD reciprocity:
· Step 1: gNB estimates angles and delays to dominant clusters
[image: ]
Figure 2.2.2-1 Estimate angles and delays
· Step 2: For each selected cluster, gNB beamforms two CSI-RS ports (one per pol.) with delay pre-compensation
[image: ]
Figure 2.2.2-2 Beamform CSI-RS port
· Step 3: UE computes Rel-17 FeType II PMI and reports to gNB
[image: ]
Figure 2.2.2-3 Compute PMI
· Step 4: gNB calculate a PDSCH precoder according to the reported PMI and used CSI-RS precoder
[image: ]
Figure 2.2.2-4 Calculate precoder
This feature is the enhancement of Rel-15 Type II port selection codebook, and it is an optional feature for UE. 
As we know, RAN4 has not defined any PMI reporting test and requirement for Rel-15 Type II port selection codebook. In this case, we found that it is rather difficult to consider defining PMI reporting test and requirement for enhanced Type II port selection codebook in Rel-17 directly. 
Proposal 7: Not to define PMI reporting test and requirement for Rel-17 enhanced Type II port selection codebook. 
2.2.3 PMI reporting requirements with inter-cell interference environment
It has been discussed in the last several RAN4 meetings in Performance enhancement WI that there is a practical issue found in OTA testing of commercial NR UEs related to MIMO performance. This issue is called false PMI selection and reporting, which describes that a UE located on the cell edge is connecting to its serving cell, while its selection of PMI is affected by the interference from a neighboring cell. This issue will lead to:
· Wrong channel quality feedback
· Great PDSCH throughput degradation for this serving cell UE
From the following figure:
[image: ]
Figure 2.2.2-1 Illustration of false PMI selection and reporting issue
One UE is connecting to the gNB1 of its serving cell, while there is a gNB2 in an interfering cell affecting it. When this UE is estimating its channel and calculating the PMI, it has chance to wrongly report the PMII, as if it is served by gNB2, instead of PMID to its serving cell gNB1 due to the strong interference from gNB2. 
This issue occurs when:
· A UE is near the cell edge 
· a CSI-RS resource from the serving cell collides with a CSI-RS resource from a neighboring cell
The root cause of the false PMI reporting problem can be explained as follows. 
The corresponding spatial covariance matrix of the interference term of the channel estimate, , is very far from spatially white. In addition, when interfering cell is strong at cell edge, is approximately equal to  which is the spatial covariance estimated if the UE would be connected to the interfering cell. Hence, does not only deviate from being spatially white, but it also equals to the spatial covariance of the interfering cell. Thereby, the PMI reporting starts to “follow” the interfering cell instead of serving cell.
In this case, near cell edge, the  of the interfering cell is of similar strength as from the desired cell and starts to mislead the PMI selection in the UE.
RAN1 has been discussing this in Rel-17 FeMIMO WI as TEI and have no conclusion on whether to correct the CSI-RS design as below to remove the false PMI reporting problem based on the conclusion of the discussion summary [3]. 
	1. Conclusion
No conclusion is made in this RAN1 meeting.




Furthermore, many companies support to solve this problem directly in RAN4:
	ZTE
	We prefer to solve this issue in RAN4 as the new sequence will cause CSI-RS overhead issue which may compromise the benefit. 
	 

	Huawei, HiSilicon
	We would prefer to discuss this directly in RAN4.
	 

	Nokia, NSB
	We still strongly believe that the false PMI reporting problem can be and should be fixed in the PMI estimator of the UE. Introducing an optional feature for Rel-17 is just a convenient way to avoid fixing the underlying issue and developing RAN4 requirement and RAN5 conformance test case “when this is a functional problem that has a Rel-17 solution just around the corner”. 
	 

	QC
	Support. Okay to take it up in RAN4 as well.
	

	Intel
	Support the TEI proposal as RAN1 or RAN4 enhancement.
	 



Thus, it is necessary to consider defining a PMI reporting requirement in RAN4 so that the UE can report the correct PMI in the inter-cell interference environment. 
Considering this is the first meeting for discussing this issue in FeMIMO WI, we would like to encourage companies to do some evaluations first. Simulation assumptions from RAN1 evaluation and CQI reporting test in Performance enhancement WI are captured here, which can be reused (part of) for initial evaluation:
· TDL-A 100ns, Doppler=5Hz, SIR -6 dB with one interfering cell, 20ms 8 ports CSI-RS periodicity
· No ITF = no interference
· Colliding CSI-RS, where CSI-RS collides with CSI-RS in a neighbour cell 
· Shifted CSI-RS, where CSI-RS collides with PDSCH in a neighbour cell 

Table 2.2.2-1 Suggested simulation assumption for initial evaluation for false PMI reporting issue
	Parameter
	Unit
	FDD
	TDD
	Interferer cell

	Bandwidth
	MHz
	10
	40
	

	Duplex Mode
	
	FDD
	TDD
	

	Subcarrier spacing
	kHz
	15
	30
	

	SINR
	dB
	[-6: 2 :10]
	-

	Beamforming Model
	
	As specified in Annex B.4.1
	

	NZP CSI-RS for CSI acquisition

	CSI-RS resource Type
	
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	8
	8

	
	CDM Type
	
	CDM4 (FD2, TD2)
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 8, (4,6)
	Row 8, (4,6)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	5
	5

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	5/1
	10/1
	Same as serving cell

	CSI-IM configuration
	CSI-IM resource Type
	
	Periodic
	Periodic

	
	CSI-IM RE pattern
	
	0
	0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4, 9)
	(6,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1
	10/1
	Same as serving cell

	ReportConfigType
	
	Periodic
	Not configured

	CQI-table
	
	Table 2
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI
	Not configured

	timeRestrictionForChannelMeasurements
	
	Not configured
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured
	Not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband

	Sub-band Size
	RB
	8
	16
	

	Csi-ReportingBand
	
	1111111
	Not configured

	CSI-Report periodicity and offset
	slot
	5/0
	10/9
	Not configured

	aperiodicTriggeringOffset
	
	Not configured
	Not configured

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	Not configured
	Not configured

	
	CodebookSubsetRestriction
	
	010000
	Not configured

	
	RI Restriction
	
	N/A
	Not configured

	Physical channel for CSI report
	
	PUCCH
	Not configured

	CQI/RI/PMI delay 
	ms
	8
	9.5
	Not configured

	Maximum number of HARQ transmission
	
	1
	Not configured

	Measurement channel
	
	As specified in Table A.4-2, TBS.2-2
	

	INR
	dB
	N/A
	10.04

	Propagation condition
	
	TDLA30-5
	TDLA30-5

	Antenna configuration
	
	2×2
	2×2

	Correlation configuration 
	
	ULA Low

	Note:

Note 1:	The respective received power spectral density of each interfering cell relative to  is defined by its associated INR value as specified in clause B.5.1.
Note 2:	Two cells are considered in which Cell 1 is the serving cell and Cell 2 is the interfering cell. Intefering cell is fully loaded.
Note 3: 	Both cells are time-synchronous.




As for the test metric, we think it should be carefully designed. For initial discussion and evaluation, we propose to consider the following test metric as a starting point:
Option 1: Throughput ratio of following two configurations:
· Configuration 1: Feedback PMI based PDSCH under the condition of one serving cell + one interfering cell
· Configuration 2: Feedback PMI based PDSCH under the condition of no interference
While other options can be discussed during the meeting as well.
[bookmark: _Hlk92750873]Proposal 8: Companies evaluate the impact of false PMI reporting on throughput
Proposal 9: Consider the simulation assumption of RAN1 evaluation and CQI reporting test for inter-cell interference as a starting point
Proposal 10: RAN4 defines a validation method considering such evaluation metric(option 1) as a starting point with multi-TRP operation: Throughput ratio between follow PMI with inter-cell interference and follow PMI without interference
Proposal 11: RAN4 defines PMI reporting requirement for inter-cell interference scenario 

3. Conclusions
We summarize our proposals here:
Proposal 1: Define either TDM or FDM based intra-slot PDCCH repetition demodulation performance requirement for Multi-TRP in Rel-17
Proposal 2: Not to define PDSCH/PDCCH demodulation requirement for inter-cell Multi-TRP transmission if intra-slot PDCCH repetition demodulation requirement is agreed to be introduced 
Proposal 3: Define PDSCH demodulation requirement for Multi-TRP HST-SFN deployment scheme A  
Proposal 4: RAN4 discusses and decides whether to still have PDCCH demodulation requirement if intra-slot PDCCH repetition demodulation requirement is agreed to be introduced
Proposal 5: Not to define demodulation performance requirement for scheme B
Proposal 6: Not to define per-TRP CSI reporting requirement
Proposal 7: Not to define PMI reporting test and requirement for Rel-17 enhanced Type II port selection codebook 
Proposal 8: Companies evaluate the impact of false PMI reporting on throughput
Proposal 9: Consider the simulation assumption of RAN1 evaluation and CQI reporting test for inter-cell interference as a starting point
Proposal 10: RAN4 defines a validation method considering such evaluation metric (option 1) as a starting point with multi-TRP operation: Throughput ratio between follow PMI with inter-cell interference and follow PMI without interference
Proposal 11: RAN4 defines PMI reporting requirement for inter-cell interference scenario

4. References
[1]	RP-212535: Revised WID: Further enhancements on MIMO for NR, Samsung, RAN4#93-e Electronic Meeting, September 13-17, 2021
[2]	R1-2112148, Summary on Rel-17 TEIs, Moderator (NTT DOCOMO, INC.), RAN1#107-e, November 11-19th, 2021
[3]	R1-2105813, ‘TEI-17 proposal targeting the false PMI reporting issue’, Ericsson, NTT DOCOMO, Inc., Softbank, Verizon, T-Mobile USA, RAN1#105-e, May 10-27, 2021
image2.png
TDM

FDM

TRP1 TRP2

PDCCH - PDCCH

e One slot —_—

Frequency

PDCCH

PDCCH

——
time





image3.png
PCI2,

CI5

Cl





image4.png
TRP1 TRP2

T

Large Doppler spread




image5.png
TRP1 TRP2

Doppler spectrums
estimated from TRS1

Doppler spectrums
estimated from TRS2




image6.png
TRP1 TRP2

fo + foL DY TRS]‘ ‘fo + fo1 by TRSZ’





image7.png




image8.png
D (1) 1&2)
Wip Wip = Wi

" I|I <

@) (2) 3&4)
Wi Wi > Wi s

\>





image9.png
(1 I|I ) G
oy





image10.png
Wy, W,, Wy, W(Clg'lz'},}? = Wppscn

(«|||» <

O

S
\

\>





image11.png
Interfering cell
gNB 2




image12.wmf
´

oc

N


oleObject1.bin

image1.png




