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Introduction
In RAN#86 meeting, a new WID [1] of ‘Further enhancements on MIMO for NR’ was approved. The detailed objectives for RAN1 are as follows.
	· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
0. 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:
0. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
0. Unified TCI framework for DL and UL beam indication
0. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
0. 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 
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. 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 
1. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
1. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
1. 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
1. Enhancement on SRS, targeting both FR1 and FR2:
2. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
2. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
2. 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
1. Enhancement on CSI measurement and reporting:
3. 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
3. 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



[bookmark: _Hlk46849997]In this contribution, we discuss the item 4 of MIMO WID [1] including both CSI for DL multi-TRP/panel and Type II port selection codebook enhancements. 
CSI enhancement for MTRP 
To support joint transmission from multiple TRPs/panels, suitable Tx-Rx beam pair from each TRP/panel should be selected for high frequency. If beam management and CSI measurement is performed for each TRP/panel individually, the selected beams and precoders from each TRP/panel do not consider inter-TRP/panel/beam interference, which may limit the performance of NCJT. For beam measurement and reporting, the enhanced group-based beam reporting is proposed and discussed in our companion contribution [2]. In this section, we mainly discuss the enhancement on CSI measurement and reporting in multiple TRPs/panels.
Simulation results and analysis
To evaluate the performance of different CSI measurement/reporting methods, system-level simulation is performed for multi-panel transmission on 30 GHz. Detailed evaluation assumptions are shown in appendix Table A-1. Cell average spectral efficiency and 5% edge UE spectral efficiency are evaluated as the metrics. In the simulation, following four cases in Table 2-1 are evaluated with corresponding illustrations shown in Fig. 2-1.
Table 2-1: Simulation cases
	Case
	Transmission scheme
	CSI feedback
	UE reception

	1
	Single-panel Tx for a UE
	1 CSI feedback for single-beam transmission per UE
	1 panel for reception at UE

	2
	Multi-panel Tx for a UE
	1 CSI feedback for multi-beam joint transmission per UE
	2 panel for reception at UE

	3
	Multi-panel Tx for a UE; 
	3 CSI feedback (2 for single-beam transmission and 1 for multi-beam joint transmission) per UE
	2 panel for reception at UE

	4
	Multi-panel Tx for a UE;
	3 CSI feedback (Based on Case 3, 2 CSIs for single-beam transmission are updated considering the inter-beam interference from the other panel) per UE
	2 panel for reception at UE
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Figure 2-1 Examples of four simulation cases.
For the four cases, the evaluation results of cell average spectral efficiency and 5% edge UE spectral efficiency are shown in Fig. 2-2. Compared with Case 1, Case 2 with multi-beam joint transmission for a UE can increase both cell average and cell edge performance in multi-panel scenario. The cell average performance gain is about 11%-16%, and the edge UE performance gain is about 22%-23%. Comparing Case 2 and Case 3, it is observed that multiple types of CSI feedback in Case 3 increases cell average performance but reduces cell edge performance in multi-panel scenario. In Case 3, as the gNB can decide to schedule one UE with joint transmission from two panels simultaneously, or to schedule two different UEs with single-beam transmission, or to schedule one UE with NCJT transmission, the performance of Case 3 should be better than Case 2 due to more flexible scheduling. However, when gNB schedules two different UEs or one UE for NCJT, the beams from these two panels are selected dynamically based on scheduling, which means that the selected beams from two panels will have variable inter-panel/inter-beam interference. In that case, the reported CSI for one-panel may be not aligned with the realistic CSI for data reception. Especially when the reported CSI for one-panel is high while the scheduled data suffers large inter-panel interference from the selected beam from the other panel, the over-estimated MCS will make performance decrease. In the simulation, the edge UEs largely suffer from inter-panel interference. That’s why edge UE performance is decreased in Case 3. In Case 4, enhanced CSI feedback with inter-beam interference is considered based on Case 3. And Case 4 can further improve the cell edge and cell average performance.
 
Figure 2-2 Performance of different transmission schemes with different CSI feedback methods.


Observation 1:
· Multiple CSI feedback considering inter-beam/inter-panel/inter-TRP interference measurement can increase both cell average and cell edge performance in multi-panel/TRP scenario.
Discussion on CSI enhancement for MTRP
As shown by simulation results above, for CSI reporting in multiple TRPs/panels, inter-beam interference from multi-TRP/panel should be taken into account. NZP CSI-RS based interference measurement defined in NR Rel-15 can be reused for inter-beam interference measurement in multi-TRP/panel in NR Rel-16. However, how to configure CSI-RS from multiple TRPs and how to support multiple types of interference hypothesis measurement for a channel measurement based on existing CSI signaling framework should be further discussed.

Option1: Separate CSI measurement/reporting for different TRPs.
[bookmark: _Hlk47015321]Based on existing CSI signaling framework, a CSI-ReportConfig can correspond to a TRP with one or multiple CSI reports with different channel/interference hypothesis. For multiple TRPs, separate CSI-ReportConfig are needed for CSI reporting for each TRP, as shown in Fig. 2-3. However, in this case, the reported CSIs for different TRPs are independent, which may be not good and need further update for NCJT scheduling at gNB.

Option2: Joint CSI measurement/reporting for multiple TRPs.
Based on existing CSI signaling framework, a CSI-ReportConfig can include CSI measurement/reporting for two TRPs. Separate CMR for two TRPs can be configured in a CSI-ReportConfig, as shown in Fig. 2-4. Hence, in a CSI report, multiple CSIs from multiple TRPs are reported together. For those multiple CSIs in a CSI report, some further enhancements on interference measurement or rank limitation can be considered. For example, for multiple CSIs in a CSI report, the inter-TRP interference can be considered by assuming the CMR of one TRP as the IMR of the other TRP. In addition, the total rank of multiple CSIs in a CSI report can be limited to not exceed UE capability. In that case, the multiple CSIs in a CSI report can be used for NCJT scheduling directly without further update of the CSIs at gNB.
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Figure 2-3: Separate CSI measurement/reporting for multiple TRPs
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Figure 2-4: Joint CSI measurement/reporting for multiple TRPs

Proposal 1:
· For a CSI-ReportConfig, both separate and joint CSI measurement/reporting for multiple TRPs can be considered.
Type II port selection codebook enhancement
As per WID for MIMO enhancements in Rel-17 [1], Type II port selection (PS) codebook enhancements considering information related to angle(s) and delay(s) estimated at the gNB using sounding reference signal (SRS) transmission, is agreed. In this section, we discuss how estimated angle(s) and delay(s) can be effectively utilized for channel state information (CSI) overhead and processing complexity reduction in Type II port selection (PS) codebook operation.
Separate triggering of CSI associated with angle(s)/delay(s) in Type II PS codebook
Angle(s) and delay(s) associated with a wireless channel vary much slower rate compared to channel phase which is in fact the main contributor for instantaneous channel variations. As a result, it may be no brainer to report CSI associated with angle(s) and delay(s) every time when instantaneous CSI is reported by a UE. In fact, by making use of SRS transmission, information related to angle(s) and delay(s) of the wireless channel can be estimated at the gNB considering UL/DL reciprocity. Afterwards, those estimated angle(s) and delay(s) can be effectively utilized at the gNB to decide and trigger whenever necessary, to report CSI associated with angle(s)/delay(s) based on whether the previously reported angle(s)/delay(s) information are getting outdated. Next, let us look at how angle(s)/delay(s) are captured within the Type II PS codebook framework and subsequently, how that information can be separately reported.
 As per NR Rel-16 enhancements, frequency domain (FD) compression is introduced to achieve feedback overhead reduction in Type II PS codebook. In particular, the precoder generation for Type II PS codebook for layer  with FD compression can be expressed as, 

where,  captures precoding vectors for  sub-bands (SB) in th layer. Here  represents number of configured CSI-RS ports. Note that,  in (1) consists of port selection vectors. These port selection vectors consist of single 1 and all the other elements are zero, i.e., . In fact, the 2D-DFT spatial domain (SD) beams in  of regular Type II CSI codebook are replaced by column vectors of an identity matrix in PS codebook.  () and () capture M DFT basis vectors for FD compression and non-zero linear combination (LC) coefficients, respectively.
Note that,  in (1) captures SD beams/ports which are associated with dominant angle(s) of the user channel. Further,  in (1) captures FD vectors which are associated with channel delay(s). LC coefficients in defines how to combine SD beams/ports and FD vectors to represent instantaneous channel. As discussed previously, since angle(s)/delay(s) vary slowly, associated CSI components,  and  are also vary much slower rate compared to . In fact, with SRS assisted UL/DL reciprocity, gNB can track angle(s)/delay(s) variations and hence can understand whether previously reported  and  are getting outdated. 
Observation 2:
· Angle(s) and delay(s) associated with a wireless channel vary slowly and such variations can effectively be tracked with SRS-assisted UL/DL reciprocity
· Hence, associated CSI components with channel angle(s)/delay(s) in Type II CSI PS codebook may not be required to report every time when NW triggers CSI reporting
Proposal 2:
· Consider separate triggering for reporting of CSI components associated with angle(s) and delay(s), i.e.,  and , in Type II PS codebook in addition to currently available simultaneous reporting of all the CSI components 

Note that, in case if gNB triggers only to report , UE can consider previously reported  and  for determining .  


Delay pre-compensation for Type II PS codebook
As discussed previously, with SRS assisted UL/DL partial reciprocity, it is possible for the gNB to estimate channel angle(s)/delay(s). These estimated channel angle(s)/delay(s) can then be utilized for introducing some pre-compensations, i.e., pre-compensation for the delays of multi-path channel, such that the observed channel at the UE can be made slowly varying. 
Let us consider a simple example to understand this. As shown in Fig. 3-1, the directional channel associated with each SD beam/port undergoes a single multi-path cluster due to the scattering geometry. Now, considering UL/DL partial reciprocity with SRS transmission, mean delay and delay spread of multi-path clusters associated with each SD beam is assumed to be estimated at the gNB. This information can then be used for delay pre-compensation at the gNB during DL transmission. As shown in the example, the resulting delay pre-compensated channel will have an almost flat frequency response.
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Figure 3-1: Example of SRS-assisted delay pre-compensation.
Observation 3:
· With delay pre-compensation at the gNB, the channel frequency response observed at the UE can be made almost frequency flat
Note that, with delay pre-compensation at the gNB, it is possible to configure larger sub-band (SB) sizes and/or sparse configuration of CSI reporting SBs. As a result, CSI feedback overhead and CSI processing complexity associated with Type II PS codebook can be further reduced. Based on this, we make the following proposal:
Proposal 3:
· Introduce larger SB sizes compared to what is already available in NR Rel-15/16, e.g. SB sizes of 12, 16 PRBs etc.
Summary
In this contribution, we discussed the CSI for DL multi-TRP/panel and Type II PS codebook enhancements. Based on the discussion, we have made following observations and proposals.
Observation 1:
· Multiple CSI feedback considering inter-beam/inter-panel/inter-TRP interference measurement can increase both cell average and cell edge performance in multi-panel/TRP scenario.
Proposal 1:
· For a CSI-ReportConfig, both separate and joint CSI measurement/reporting for multiple TRPs can be considered.

Observation 2:
· Angle(s) and delay(s) associated with a wireless channel vary slowly and such variations can effectively be tracked with SRS-assisted UL/DL reciprocity
· Hence, associated CSI components with channel angle(s)/delay(s) in Type II CSI PS codebook may not be required to report every time when NW triggers CSI reporting
Proposal 2:
· Consider separate triggering for reporting of CSI components associated with angle(s) and delay(s), i.e.,  and , in Type II PS codebook in addition to currently available simultaneous reporting of all the CSI components 
Observation 3:
· With delay pre-compensation at the gNB, the channel frequency response observed at the UE can be made almost frequency flat
Proposal 3:
· Introduce larger SB sizes compared to what is already available in NR Rel-15/16, e.g. SB sizes of 12, 16 PRBs etc.
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Appendix
Table A-1 Simulation assumptions for multi-TRP/panel transmission
	Parameters
	Values or assumptions

	Scenario
	Dense Urban Micro layer only

	Carrier Frequency
	30 GHz

	Mode
	TDD

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	UMi in TR 38.901

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  

	ISD
	200m

	BS Tx power
	39dBm

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	BS Antenna Configuration
	Configuration 1:
(M,N,P,Mg,Ng) = (4,8,2,1,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 0)λ
Configuration 2:
(M,N,P,Mg,Ng) = (4,8,2,2,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 2.0)λ

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 0 degree, ΩUT,g = 0 degree

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal

	Scheduling algorithm
	PF

	BS antenna height
	10m

	UE antenna height
	Same as 3D-UMa in TR36.873

	UE antenna gain
	5dBi

	UE receiver noise figure
	10dB

	Criteria for selection for serving TRxP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

	Criteria for analog beam selection for serving TRxP
	L1-RSRP

	Traffic model
	Full buffer

	UE distribution
	80% indoor; 20% outdoor. 20 users per TRP 
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Average Spectral efficiency

Case 1	Case 2	Case 3	Case 4	4.9789000000000003	5.5145	6.1673999999999998	6.4459	
SEavg (bit/s/Hz/TRxP)



5% edge UE spectral efficiency

Case 1	Case 2	Case 3	Case 4	1.4500000000000001E-2	1.54E-2	1.2999999999999999E-2	1.6E-2	
SEedge (bit/s/Hz)
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Example: Each SD beam is associated with a
single cluster due to the scattering geometry
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