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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#102-e meeting, the Rel. 17 NR FeMIMO WID [1] was discussed. The following was agreed [2] on the topic of CSI enhancement for multi-TRP and FDD:
	Agreement
Taking Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) as a starting point, study following aspects, taking into account trade-off among UE complexity, performance and reporting/RS overhead: 
· Enhancement on codebook structure, e.g.,:   
· (Alt 1)Enhancement based on R16 Type II PS CB type structure 
· Enhancements on W1 quantization, e.g., 
· With enhanced port selection in W1  
· With modified value range of L taking into account beamforming mechanism for CSI-RS;
· With layer-specific port selection
· Enhancements on Wf quantization, e.g., 
· With a smaller value of Mv 
· With a modified value range of R
· With multiple values of Mv for different SD basis
· With enhanced FD basis selection in  Wf 
· Restrictions/Relaxation, e.g. 
· for the size of the PMI indicators for SD basis, FD basis and bitmap.
· How UE distinguishes SD basis and FD basis or in a pre-defined set
· Enhancement on W2 quantization: coefficients for selected ports
· (Alt 2)Enhancement based on R15 Type II PS CB type structure 
· Enhancement on W1 quantization, e.g.,: enhanced port selection, X out of P SD-FD pairs are selected 
· XP (if polarization independent) or P/2 (if polarization common) whereas P  PCSI-RS  only or P can be larger than PCSI-RS 
· How to map P SD-FD pairs into PCSI-RS CSI-RS ports and inform to UE
· Enhancement on W2 quantization: coefficients for the selected X pairs 
· etc.
· Enhancements on indication/reporting mechanism, e.g.: 
· Separate triggering for reporting of  W1 and Wf  (for Alt 1) or reporting of W1 and the rest of the PMI components (for Alt 2)
· Report only a subset of PMI components 
· Enhancement on SD/FD basis indication, selection and reporting mechanism 
· UE reporting to support gNB calibration including UL/DL time difference;
· CQI enhancements, e.g., CQI reporting mechanism considering FDD reciprocity
· etc.
· Enhancements on RS triggering/signaling/transmission mechanism, e.g. for SRS and/or CSI-RS, CSI-RS utilization conveying one or more SD-FD pairs per port, timing restrictions between SRS and CSI-RS transmission, etc
· Other enhancement are not excluded

Agreement
For CSI enhancement for multi-TRP, study following aspects taking into account trade-off among UE complexity, performance and reporting/RS overhead
· Category 1 - For a reporting setting CSI-ReportConfig, more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/UE-selected  channel and interference hypotheses across TRPs /TCI states
· and then report one or more CSIs within a single CSI report.   
· Category 2 – Within an implicit/explicit set of reporting settings CSI-ReportConfigs, which are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/ UE-selected  channel and interference hypotheses 
· and then report multiple CSIs with multiple CSI reports (including one or more CSIs per report or selected CSI with single CSI report)
· Other enhancement are not excluded, e.g.  CQI enhancements for multi-TRP transmission including CQI format, CQI reporting mechanism
Note that companies are encouraged to clarify applicable transmission schemes/scenarios and strive to unify Rel-17 MTRP CSI framework enhancements


In this contribution, we present our views on enhancements on CSI enhancement for FDD and CSI enhancement for multi-TRP, and proposals for moving forward.

CSI enhancement for FDD
[bookmark: _Ref52885777]Enhancements on codebook structure
In this section we discuss enhancement on codebook structure based on Alt. 1, e.g., enhancement based on R16 Type II PS CB type structure.
In Rel. 16 enhanced Type II PS codebook-based CSI feedback scheme, the CSI-RS ports are beamformed and transmitted by the gNB.  The UE performs measurement on the received CSI-RS ports, selects L consecutive ports, and reports the index of the first selected port of the L consecutive ports as part of the CSI feedback to the gNB.  The UE also select Mv frequency domain basis vector(s), if the reported Rank is v, for the purpose of frequency domain compression.  The UE reports indication of the selected frequency domain basis vector(s) for each layer as part of the CSI feedback.  
[bookmark: _Hlk45730802]If the gNB can estimate the DL angle(s) and delay(s) based on SRS measurement on the UL, and utilize these information to generate beamformed CSI-RS ports, it is possible that with the appropriately beamformed CSI-RS ports, the UE only needs to feedback a small number of FD basis vector(s), e.g., Mv =  1 or 2.  
Based on the above analysis, we have the following proposal:
Proposal 1: FeMIMO supports enhancements on Wf quantization with a smaller value of Mv.
In Rel. 16 enhanced Type II PS codebook-based CSI feedback, the L selected ports need to be consecutive, which limit the flexibility of the port selection.  With the Rel. 17 codebook enhancements, it is possible that the UE only needs to select a small number of L CSI-RS ports to report.  And it becomes important that the L selected ports do not have to be next to each other.  Therefore, we have the following proposal: 
Proposal 2: FeMIMO supports enhanced port selection in W1 such that the selected ports do not have to be consecutive.
[bookmark: _Hlk45730472]Table 1 lists an example of the Rel. 16 enhanced Type II PS codebook-based CSI feedback that could be reduced if gNB can utilize the angle and delay information to generate appropriate beamformed CSI-RS ports.  Please note that as an example, Table 1 only shows case for frequency domain dimension N3 ≤ 19.  In Table 1, the notation follows those use in [3], specifically:
· : number of CSI-RS ports
· : port selection sampling size
· R: numberOfPMISubbandsPerCQISubband
· N3: total number of precoding matrices, e.g., frequency domain dimension
· L: number of beams
· Mv: number of FD orthogonal basis vectors for rank v
· : number of nonzero coefficients for layer 𝑙
· : total number of nonzero coefficients across all layers
[bookmark: _Ref45728840]Table 1: Example of reduced CSI feedback from UE if gNB can utilize angle and delay information to generate appropriate beamformed CSI-RS ports
	CSI Feedback Fields
	Function
	Bitwidth
	Possible to be Reduced?

	
	Indication of the index of the first selected port of the L antenna ports
	
	TBD.  Size may change for enhanced port selection scheme

	
	[bookmark: _Hlk45743418]Indication of the selected frequency domain basis vector(s) for each layer
	
	Yes

	
	Indication of the position of the non-zero coefficients for each layer as a bitmap
	 for each layer
	Yes

	
	Indication of the index of the strongest coefficients for each layer
	 if v = 1,
 for each layer if v > 1
	Yes if L or  is reduced 

	
	Indication of reference amplitude in one polarization for each layer
	4 for each layer
	No

	
	Indication of amplitude of the non-zero coefficients for layer 
	 for layer 
	Yes if  is reduced

	
	Indication of phase of the non-zero coefficients for layer 
	 for layer 
	Yes if  is reduced



As shown in Table 1, if gNB can utilize angle and delay information to generate appropriate beamformed CSI-RS ports, a smaller Mv and/or L can be selected to reduce the CSI feedback. For example, if Mv  can be reduced to one, there is no need to send the indication of selected frequency domain basis vector for each layer, as the first DFT vector can be used.  With the smaller Mv and/or L, many of the CSI feedback fields such as the bitmap and W2  coefficients for the selected ports can also be reduced. Therefore, we have the following proposal:
Proposal 3: FeMIMO supports reduced size for the PMI indicators for FD basis, bitmap, and W2  coefficients.
Enhancements on SRS transmission mechanism for CSI enhancement for FDD
To achieve the enhancements on codebook structure discussed in Section 2.1, it is important that the gNB can estimate the DL angle(s) and delay(s) based on SRS measurement on the UL. On the angle measurement, since the gNB is equipped with large number of antennas and can form narrow receiving beam, robust measurement of angle is feasible. 
On the delay measurement, due to the different transmit power on the DL and UL, the UE might need to concentrate its transmit power on a narrow bandwidth on the UL, and utilize frequency hopping to sound the whole bandwidth, with each hop covering a portion of the whole bandwidth.  When SRS frequency hopping is utilized, it is possible that some random phase rotation is introduced to each hop of the SRS.  In that case, the performance of delay estimation based on each hop of the SRS might be impacted.  Figure 1 shows the performance comparison of channel delay estimation performance between cases with frequency hopping and without frequency hopping.  In Figure 1, the total SRS sounding bandwidth is 48 PRBs, and the bandwidth per hop for cases with frequency hopping is 8 PRBs.  The simulation assumptions can be found in the Appendix.  It is observed from Figure 1 that with frequency hopping, a performance loss of around 10 dB is possible compared to the case without frequency hopping.  Please note that power control is off in this simulation and it is expected that with power control, the performance gap between the two cases might be narrowed.  Also note that a full sounding bandwidth of 48 PRBs might not be available in some scenarios.
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[bookmark: _Ref52886426]Figure 1: Channel delay estimation error rate vs. SINR
[bookmark: _Hlk45704313][bookmark: _Hlk52891037]The reason for the performance loss with frequency hopping is that the measurement over each hop of the SRS cannot be combined directly to form a wideband channel measurement due to the random phase rotation of each hop.  To provide a robust delay estimation, we propose FeMIMO support enhancement on SRS frequency hopping transmission to improve delay estimation performance.  One way to enhance the SRS frequency hopping transmission is to enable partial overlapping between frequency resources of different hops.  One example of the partial overlapping scheme is shown in Figure 2.  In Figure 2, the frequency resources with different colors are allocated for different UEs.  There are four OFDM symbols within a slot allocated for the three UEs for SRS transmissions. The whole sounding bandwidth is 16 PRBs, and the bandwidth per hop is 4 PRBs.  As illustrated in Figure 2, there is partial overlapping between frequency resources of different hops of a UE.  In this example, the size of the overlapping frequency resources is one PRB.  This partial overlapping of frequency resources enables the gNB to estimate the phase difference of the random phase rotation over each hop by assuming that the phase of the measured channel response should have been equal over the overlapping portion of two different hops.  The gNB may then rotate back the random phase difference among hops, and combine the channel measurement over each hop into a wideband channel measurement.  The gNB may use the wideband channel measurement to have a more robust estimation of the channel delays.
[image: ]
[bookmark: _Ref52889853]Figure 2: Example of SRS frequency hopping with partial overlapping
Based on the above analysis, we propose the following:
Proposal 4: FeMIMO supports enhanced SRS frequency hopping transmission with partial overlapping between frequency resources of different hops to improve delay estimation performance.

CSI Enhancement for multi-TRP
In the current CSI reporting schemes, the gNB may configure measurement resources to a UE and specify to the UEs which of the measurement resources is for channel measurement (CM), and which is for interference measurement (IM). The measurement resources may include NZP CSI-RS for CM, NZP CSI-RS for IM, and CSI-IM. For each CSI report configuration, a CQI (and possibly other reporting quantities) is associated with some CM resources (CMRs) and IM resources (IMRs). However, to support multi-TRP NCJT, a potentially large number of measurement resource configurations and CQIs of different transmission hypotheses may be needed, leading to a large number of CSI resource configurations and CSI report configurations. This issue may be resolved by associating a group of measurement resources to one CSI report configuration of a UE and let the UE determine or select whether a measurement resource is for CM, IM, or muting.
There are several ways to this aim:
· Option 1: a UE is configured with a group of CMR (or IMR) candidates for a report configuration, and the UE selects some of them for CM (or IM).

An example is illustrated in Table 2 for 2 TRPs, i.e., TRP A and TRP B (shown as A and B in Table 2 for illustration simplicity). The ordered number pair (x,y) in Table 2 represents (TRP A Tx or mute, TRP B Tx or mute).  The value of each of x and y may be 0 or 1, e.g., with 0 representing mute, and 1 representing transmit (Tx).  For example, (1,0) indicates that TRP A transmits and TRP B mutes on resources, and (1,1) indicates that both TRP A and TRP B transmit on the resources, etc. To support various transmission schemes such as no NCJT, dynamic point selection (DPS), or dynamic point blanking (DPB), etc., the UE may select one or more CMR candidates for CM, and one IMR candidate for IM.  The letter “Y” in Table 2 indicates the UE’s selection for each transmission scheme listed.  The UE may report one or more CQIs to a gNB.

Note that some selections may be invalid, e.g., selecting CMR candidate 1 together with IMR candidate 2. These invalid selections need to be informed to the UE.

· Option 2: a UE is configured with a group of NZP resources for a report configuration, and the UE decides whether each of the group of NZP resources is CM, IM, or muting.

This example is illustrated in Table 3. In this example, the UE is configured with a CSI-IM (the UE does not need to decide the type of the CSI-IM because it is already configured for IM) and NZP 1 and NZP 2. The UE determines whether the NZP 1 and NZP 2 are for CM (i.e., “S” shown in Table 3), IM (i.e., “I” shown in Table 3), or muting (i.e., “M” shown in Table 3). 

[bookmark: _Ref46233155]Table 2: Option 1 for NCJT CSI
	
	CMR candidate 1
(1,0)
	CMR candidate 2
(0,1)
	IMR candidate 1
(0,0)
	IMR candidate 2
(1,0)
	IMR candidate 3
(0,1)

	DPS: A serve, B intf
	Y
	
	
	
	Y

	DPS: A intf, B serve
	
	Y
	
	Y
	

	A B SDM
	Y
	Y
	Y
	
	

	DPB: A serve, B mute
	Y
	
	Y
	
	

	DPB: B serve, A mute
	
	Y
	Y
	
	



[bookmark: _Ref46233842]Table 3: Option 2 for NCJT CSI (UE does not need to decide on the CSI-IM column)
	
	NZP 1 
(1,0)
	NZP 2 
(0,1)
	CSI-IM
 (0,0)

	DPS: A serve, B intf
	S
	I
	I

	DPS: A intf, B serve
	I
	S
	I

	A B SDM
	S
	S
	I

	DPB: A serve, B mute
	S
	M
	I

	DPB: B serve, A mute
	M
	S
	I



From the above examples, it seems both options can support more dynamic signal/interference hypotheses for M-TRP NCJT CSI, but Option 2 is more efficient and cleaner. Option 2 can also be used for URLLC link adaptation enhancement. Therefore, Option 2 is preferred. That is, a UE is configured with RS resources for CSI measurement and reporting, however, the gNB does not specify whether the configured RS resources are for CM, IM or muting (blanking, non-serving non-interfering). Instead, a UE determines whether a RS resource is for CM or IM, or muting, i.e., determine what type of resource that the RS resource is. A type of resource may be a resource for CM, a resource for IM, or a muting resource. The UE performs measurement on RSs transmitted on the RS resources, and determines and reports a type for a RS resource based on certain criteria/requirement (such as the highest CQIs), and report the resulting CSI and the determinations in the CSI reporting.
Based on the above analysis, we propose the following:
Proposal 5: FeMIMO supports associating a group of measurement resources to one CSI report configuration of a UE and let the UE determine or select whether a measurement resource is for CM, IM, or muting.  The UE may then report one or more CQIs within a single CSI report.

Conclusions
In this contribution, we present our views on CSI Enhancement for FDD and CSI enhancement for multi-TRP.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: FeMIMO supports enhancements on Wf quantization with a smaller value of Mv.
Proposal 2: FeMIMO supports enhanced port selection in W1 such that the selected ports do not have to be consecutive.
Proposal 3: FeMIMO supports reduced size for the PMI indicators for FD basis, bitmap, and W2  coefficients.
Proposal 4: FeMIMO supports enhanced SRS frequency hopping transmission with partial overlapping between frequency resources of different hops to improve delay estimation performance.
Proposal 5: FeMIMO supports associating a group of measurement resources to one CSI report configuration of a UE and let the UE determine or select whether a measurement resource is for CM, IM, or muting.  The UE may then report one or more CQIs within a single CSI report.
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[bookmark: _Ref52888036]Appendix
Table A - 1: Simulation assumptions for channel delay estimation
	Parameters
	Values

	SRS total sounding bandwidth
	48 PRBs

	SRS comb spacing
	2 

	SRS frequency hopping
	{Yes, No}

	SRS bandwidth per hop frequency hopping
	 8 PRBs

	Subcarrier spacing
	15 kHz

	SRS error modeling
	Follow Table A.1-2 in TR 36.897, Delta = 9 dB

	Channel model
	CDL based simplified model, TR 36.873, UMa, NLOS

	Receiver diversity
	No

	Estimation method
	MMSE

	Power control
	No
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