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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#86 meeting, the Rel. 17 NR FeMIMO WID [1] was approved. There are four objectives in the new WID. The fourth objective in [1] is:
	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 objective includes two items: CSI enhancement for multi-TRP; and CSI enhancement for FDD.  In this contribution, we present our views on these two items and proposals for moving forward.

CSI enhancement for multi-TRP NCJT
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 1 for 2 TRPs, i.e., TRP A and TRP B (shown as A and B in Table 1 for illustration simplicity). The ordered number pair (x,y) in Table 1 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 1 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 2. 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 2), IM (i.e., “I” shown in Table 2), or muting (i.e., “M” shown in Table 2). 

[bookmark: _Ref46233155]Table 1: 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 2: 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 (see companion contribution R1-2005281 [4]). 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.
Proposal 1: FeMIMO supports UE to be able to determine or select whether a measurement resource is for CM, IM, or muting.

CSI enhancement for FDD
The second item for the 4th objectives of the WID is CSI enhancement for FDD.  It states that [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 our opinion, there are two key aspects for this item: how to enable robust estimate of angle and delay based on measurement on SRS; and how these angle and delay information to be utilized by gNB and UE to reduce the Rel. 16 enhanced Type II Port Selection (PS) codebook-based CSI feedback overhead.
Enable robust estimate of angle and delay 
The gNB measures angle and delay based on measurement on SRS.  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. 
[bookmark: _Hlk45704313]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.  The reason 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.  Compared to the case where SRS frequency hopping is not required and wideband channel measurement is available, there will be performance loss on delay estimation if frequency hopping is required.  To provide a robust delay estimation, we propose FeMIMO support enhancement on SRS frequency hopping transmission to improve delay estimation performance.
Proposal 2: FeMIMO supports enhancement on SRS frequency hopping transmission to improve delay estimation performance.  
Reduce CSI feedback overhead
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.  It is also possible that the UE only needs to select a small number of L CSI-RS ports to report.  With the smaller Mv and L, the UE’s CSI feedback overhead can be reduced.
[bookmark: _Hlk45730472]Table 3 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 3 only shows case for frequency domain dimension N3 ≤ 19.  In Table 3, 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 3: 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
	
	No

	
	[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 3, if gNB can utilize angle and delay information to generate appropriate beamformed CSI-RS ports, thus resulting in a smaller Mv and L for CSI feedback, many of the CSI feedback fields can be reduced.  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.  Therefore, we propose FeMIMO investigates UE CSI feedback fields that can be reduced when angle and delay information is used to generate appropriate beamformed CSI-RS ports.   
[bookmark: _Hlk45743763]Proposal 3: FeMIMO investigates UE CSI feedback fields that can be reduced when angle and delay information is used to generate appropriate beamformed CSI-RS ports.
[bookmark: _GoBack]For the evaluation part, the discussions on FeMIMO EVM for Item 4 was summarized in [2].  We in general support the rapporteur’s proposals in [2].   

Conclusions
In this contribution, we present our views on CSI enhancement for multi-TRP and CSI enhancement for FDD.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: FeMIMO supports UE to be able to determine or select whether a measurement resource is for CM, IM, or muting.
Proposal 2: FeMIMO supports enhancement on SRS frequency hopping transmission to improve delay estimation performance.
Proposal 3: FeMIMO investigates UE CSI feedback fields that can be reduced when angle and delay information is used to generate appropriate beamformed CSI-RS ports.
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