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Introduction
In this contribution, remaining issues on enhanced Type II port selection codebook and CSI measurement and reporting for MTRP and/or multi-panel transmission will be discussed.
CSI enhancement for Rel-17 port selection codebook
According to the agreements achieved in previous RAN1 meetings, for Rel-17 port selection codebook enhancements utilization DL/UL reciprocity of angle and/or delay, codebook structure  is supported. In the structure,  is a free port selection matrix which is polarization-common, where P  and  denotes the number of CSI-RS ports for port selection and the number of selected ports, respectively.  is a DFT based compression matrix, where,  is the number of DFT vectors and  is the number of CQI subbands. The value of R is to be decided in this meeting. Note that  can be turned off by gNB. When turned off,   is an all-one vector.  is a combination coefficient matrix. 
In this section, details of port selection matrix, DFT based compression matrix and combination coefficients matrix  are discussed. Since port selection may depend on the reported non-zero coefficients included in, details of  are firstly discussed, and then  and  are successively discussed.
Combination coefficients matrix  
In the last meeting, the following agreements on combination coefficients matrix  were achieved [1]. The issues on non-zero coefficients indication and quantization needs further study.
	Agreement
A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters

Agreement 
For the quantization of W2 coefficient, study following Alternatives with Alt 1 as the baseline:
· Alt1: Reusing Rel-16 quantization mechanism for Rank 1 at least, which can be summarized as following:
· An indicator for the strongest coefficient
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· phase is quantized to 16PSK
· Alt1-1: the ref amplitude = 0 reserved in R16 can be replaced with a new value, e.g. (1/2)^(1/8), (1/2)^(3/8)
· Alt2-0: Individual amplitude (e.g. 3 or 4 bits with Rel15/16 amplitude codebooks) and phase (e.g. 16PSK) quantization 
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: support a strongest coefficient indicator, and individual quantization for other non-zero coefficients.
· Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quantization for each non-zero coefficient
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: reference amplitude is polarization specific or polarization common, and corresponding codebook
Note: Other quantization schemes or enhancement on top of Alt 1 or Alt 2 are not precluded.



Issue1: Non-zero coefficients indication
According to the agreement on port selection in last meeting [1], for rank=1, polarization-common based free-selection is supported for  due to its better tradeoff between performance and overhead. In order to determine the indication method of non-zero coefficients, performance evaluation on non-zero coefficients based on polarization-common and polarization-specific for different  values is given in Figure 1. The detailed simulation assumptions are given in Table AI in the Appendix. In Figure (a) and (b), the number of CSI-RS ports is set to 16 and 32 respectively, and the number of CSI-RS ports is same to that of TxRUs. For simplicity,  is turned off or  is considered and all ports are selected, i.e., P=K1.
 
(a)

(b)
Figure 1: Performance vs. overhead comparisons between polarization-specific and polarization-common non-zero coefficients selection.
We can observe that polarization-common can achieve the better performance than polarization-specific with the same feedback overhead for non-zero coefficient selection. For some values of , the performance is similar. But larger incurs more feedback overhead. Considering the performance and overhead tradeoff, the values of  can be set to 1/8, 1/4, 1/2, 3/4 and 1.
Based on simulation results, the following observation and proposal are given.
Observation-1: When  is turned off or, compared with polarization-specific, polarization-common can achieve better tradeoff between performance and overhead for non-zero coefficients selection.
Proposal-1: When is turned off or, the bitmap for indicating non-zero coefficients should be polarization-common.
Proposal-2: The values of can be configured to 1/8, 1/4, 1/2, 3/4 and 1.
According to above proposal, non-zero coefficient indication is polarization-common. Since port selection is polarization-common as well, the indication of port selection can be used to indicate the location of non-zero coefficients for each layer at least when  or  is turned off if the number of selected port is same to that of reported non-zero coefficients. This implies that bitmap for indicating non-zero coefficients can be absent, which saves the indication overhead of non-zero coefficients. 
Proposal-3: When is turned off or , the bitmap for indicating non-zero coefficients can be absent.
Issue2: Non-zero coefficients quantization
Assume that amplitude and phase of a coefficient are quantized with 3 bits and 4 bits. Totally 7 bits are required to quantize each coefficient. For Rel-15/Rel-16 Type II codebook, the strongest coefficient are indicated and not reported to save feedback overhead. For Rel-17 port selection codebook, if feedback overhead can be saved, the strongest coefficient should be indicated and not reported as well. When is turned off or  , and the number of CSI-RS ports is equal to 32 i.e., ,  bits are used to indicate the strongest coefficient. Even when, ,  bits are needed. We can see that the strongest coefficient indication can save 1 bit compared with without the strongest coefficients indication.
Proposal-4: The strongest coefficient should be indicated to save feedback overhead.
Some alternatives on coefficient quantization are list to be down-selected. According to above proposal, the strongest coefficient should be indicated and not reported. As we did in Rel-16 Type II codebook, the reference amplitude of the other polarization without including the strongest coefficient should be independently quantized to obtain better quantization accuracy. Therefore, the reference amplitude should be polarization-specific. In order to evaluate these alternatives for down selection, performance vs. overhead comparisons for them are given in Figure 2. In the figure, xSy denotes y ports are selected from x ports. Amplitude quantization with uniform in dB is adopted in the simulation. As shown in the figure, the performance of these alternatives is similar. Therefore, the Alt1 should be used to quantize coefficients.

Figure 2: Performance vs. overhead comparisons for different alternatives on coefficients quantization
Proposal-5:Alt1 is supported for coefficient quantization.
Discussion on port selection matrix  
In the last meeting, the following agreements on port selection matrix  were achieved [1]. There are three remaining issues to be further studied: 1)  value; 2) port selection indication when  is turned off; 3) the maximal value of P.
	Agreement
For rank=1, polarization-common based free-selection should be supported for W1.
· FFS: Whether there is a need to restrict the number of CSI-RS ports for which this is supported

Agreement
At least for rank 1, combinatorial coefficient is used for port selection for W1.
FFS when Wf is turned off 
Agreement
At least for rank 1, regarding the value(s) of K1 for port selection matrix W1 in NP*K1, study and down-select from the following candidate values of K1 and the maximal value of P in RAN1 105e
· K1 in {2,4,8,12,16,24,32} with K1 <= P
· The maximal value of P as Pmax, e.g.  32 
· FFS: possible parameter combinations/dependence for K1 with other PS CB parameters, e.g. whether different candidate values of K1 should be configured for different ranks (if rank>1 is supported).
· FFS: Whether any value of K1 up to P can be supported for some codebook parameters 
· Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations.
· Note: for polarization-specific based free-selection, it means select K1 ports out of P ports
· Note: P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study)



Issue1:  value
When is turned off or, the coefficients with amplitude being equal to zero are not reported to network. Assume that  is configured to UE and  non-zero coefficients are reported to network for a layer, where  should be no larger than. If , the beam of the port corresponding to zero coefficients will not participate in precoder calculation. That implies that the result of precoder calculation depends on the reported non-zero coefficients rather than the number of configured ports. Hence,  should be determined based on the non-zero coefficients and can be any value up to P. 
The following two schemes can be considered to determine the number of selected ports. 
· Scheme1:  is configured to UE.
· Scheme2:  is reported to network, and.
Where  and denote the number of selected ports and the reported non-zero coefficients for the l-th layer. If the number of reported non-zero coefficients for each layer is same for the two schemes and the same non-zero coefficients are selected, the performance of them should be same as well. However, the feedback overhead is different for them. The scheme with less overhead should be adopted to determine the number of selected ports.
For simplicity, assume rank=1, i.e., l=0. For Scheme1, the port selection indication needs  bits, non-zero coefficients indication needs  bits since bitmap is used and non-zero coefficients is polarization-common as discussed in subsection 2.1, and the number of non-zero coefficients indication needs  bits. Then, the total overhead of Scheme1 is . For Scheme2, based on above discussion, combinatorial coefficient is used to indicate port selection. In subsection 2.1, we show that non-zero coefficient indication can be absent and is indicated by using port selection indication. Then, the total overhead of the port selection, non-zero coefficients and the number of non-zero coefficients for Scheme2 is . In Table 1, the total indication overhead of port selection, non-zero coefficients and the number of non-zero coefficients for Scheme1 and Scheme2 is given for different number of ports and different number of non-zero coefficients. Since non-zero coefficients are polarization-common, the number of non-zero coefficients should be even. In the table, x(y) denotes that x is calculated value and y is the actually reported number of non-zero coefficients.
Table 1: The total indication overhead of port selection, non-zero coefficients and the number of non-zero coefficients for Scheme1 and Scheme2,.
(1) =3/4
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	32
	32
	32
	32
	32
	32
	16
	16
	16
	16

	
	32
	24
	16
	12
	8
	4
	16
	12
	8
	4

	
	24
	18
	12
	9 (10)
	6
	3 (4)
	12
	9(10)
	6
	3(4)

	Scheme2(bits)
	15
	18
	17
	17
	14
	11
	8
	9
	9
	8

	Scheme1(bits)
	20
	27
	25
	22
	17
	8
	11
	14
	13
	6


(2) =1/2
	P
	32
	32
	32
	32
	32
	32
	16
	16
	16
	16
	8
	8
	8

	
	32
	24
	16
	12
	8
	4
	16
	12
	8
	4
	8
	6
	4

	
	16
	12
	8
	6
	4
	2
	8
	6
	4
	2
	4
	3(4)
	2

	Scheme2 (bits)
	18
	17
	15
	14
	11
	8
	10
	9
	8
	6
	5
	5
	4

	Scheme1(bits)
	20
	27
	25
	22
	17
	8
	11
	14
	13
	6
	6
	7
	6



As shown in Table 1, the indication overhead of Scheme2 is less than that of Scheme1for different number of port configuration and different number of reported non-zero coefficient. For some cases, Scheme2 can even save 10 bits overhead compared with Scheme1. 
Observation-2: When  is turned off or , compared with Scheme1, Scheme 2 incurs less indication overhead. 
When , port selection indication cannot be used to indicate the location of non-zero coefficients, since the number of non-zero coefficients is different from that of selected ports no matter  is configured or reported. Therefore, they should be indicated separately. But the number of selected ports which depends on the location of non-zero coefficients can be still any value up to P and reported to network. Based on above observation and discussion, Scheme2 with less feedback overhead can achieve the same performance as Scheme1. Hence, Scheme2 should be supported. That is, is equal to the number of non-zero coefficients and reported to network.
Proposal-6:  should be reported to network with any value up to P.
Issue2: Port selection indication when  is turned off
According to the above agreement, port selection can be polarization-common and indicated by using combinatorial coefficient. The reason of adopting combinatorial coefficient indication is that some overhead can be saved compared with bitmap indication when  value is configured to UE by network no matter  is turned off or on. However, when  is turned off or , and  value is reported to network by UE, combinatorial coefficient indication may not always save feedback overhead compared with bitmap indication. In order to show the difference of indication overhead of port selection between bitmap and combinatorial indication, the following two options are considered：
Option1: Port selection is indicated via bitmap which is reported.
Option2: Port selection is indicated via combinatorial coefficients and   value is reported to network.
For Option1,  value is not required to report as bitmap reporting can indicate it. Assume port selection is polarization-common. The indication overhead of Option1 is . The indication overhead of Option2 is +. In Table 2, the indication overhead of Option1 and Option2 is given for different number of ports and different reported  value.
Table 2: The indication overhead of Option1 and Option2
	P
	32
	32
	32
	32
	32
	32
	32
	32
	24
	24
	24
	24
	24
	24
	16
	16
	16
	16
	8
	8

	
	16
	14
	12
	10
	8
	6
	4
	2
	12
	10
	8
	6
	4
	2
	8
	6
	4
	2
	4
	2

	Option1
(bits)
	16
	16
	16
	16
	16
	16
	16
	16
	12
	12
	12
	12
	12
	12
	8
	8
	8
	8
	4
	4

	Option2 (bits)
	18
	18
	17
	17
	15
	14
	11
	8
	14
	14
	13
	12
	11
	8
	10
	9
	8
	6
	5
	4


According to Table 2, the overhead of Option2 is at most 2 bits larger than that of Option1 for some cases. However, Option2 can save 4 or 8 bits for other cases. 
Observation-3: Compared with bitmap indication, combinatorial coefficients indication can save overhead for some cases. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal-7: Port selection should be indicated via combinatorial coefficients when is turned off or on.
Issue3: The maximal value of P 
In [2], it has been agreed that one SD-FD pair is conveyed to UE through one CSI-RS port. In current specification, the maximal value of P with being equal to 32 ports is supported. That implies at most 32 SD-FD pairs can be conveyed to UE at one time. At network side, more than 32 SD-FD pairs can be obtained by utilizing angle-delay reciprocity. The remaining pairs cannot be conveyed to UE if only 32 ports are configured. In our contribution [3], the performance of enhanced Type II PS codebook with more than 32 SD-FD pairs was investigated. The simulation results shows that more than 2% and 6% performance gain can be achieved in terms of average and cell-edge UPT by using 48 SD-FD pairs over 32 SD-FD pairs. That is, larger ports configuration can improve performance gain. It is necessary to support more than 32 ports configuration in specification.
Proposal-8: The maximal value of P should be equal to 48.
Discussion on DFT based compression matrix  
In the last meeting, the following agreements and possible agreement on DFT based compression matrix were achieved [1]. The remaining issues on  need to be further studied: 1) whether FD bases being consecutive or non-consecutive in a set or window; 2) Minit  being configured or fixed; 3) the value(s) of N; 4) whether needs to report   value and the selected FD bases to network; 5) the value(s) of R.
	Agreement
Confirm following working assumption of Wf for R17 PS CB
· Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters.

Agreement 
At least for rank 1, the FD bases used for Wf quantitation are limited within a single window/set with size N configured to the UE, study and down-select one Alternative in RAN1 105e:
· Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix
· Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB from an orthogonal DFT matrix
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.

Agreement 
At least for rank 1, for relationship between N and Mv, study and down-select one Alternative from following in RAN1 105e
· Alt 1: N= Mv always
· Alt 2: N >= Mv and FSS candidate value(s) of N, e.g. 2, 4
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/ not supporting additional alternatives for higher rank.

Agreement 
At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook enhancement, study and down-select one or more than one Alternative (or a subset of corresponding values) in RAN1 105e:  
· Alt 0:  R < 1 (e.g. 1/4, 1/2)
· Alt 1: R=1
· Alt 2: R=1 and 2
· Alt 3: R=1,2, 4, and 8
· Alt 4: R= {1,2,…, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.

Possible Agreement
Proposal 5-2: Whether Minit for the window shall be configurable:
->Alt 1: Minit can be configured by gNB
->Alt 2: Minit is fixed to be 0
Possible Agreement
For Wf  in CN3*Mv, Mv = 2 is supported for R17 PS CB
· FFS: whether there is a need of restriction for certain number of CSI-RS ports
· FFS: whether Mv>2 is needed




Issue1: Whether FD bases is consecutive or non-consecutive in a set or window.
As shown in above agreements, two alternatives are given for configuring FD bases to UE. If the FD bases in a set are consecutive, there is no difference between them. Assume that a window with size N is used to configure DFT basis vectors to UE. It just needs to indicate the starting point of the window. If the starting point is also a fixed value, the indication of these DFT basis vectors is not needed. However, if a set with size N with non-consecutive FD bases is used to configure them to UE, at least  bits are needed to indicate the FD bases, where is total number of candidate DFT basis vectors. Obviously, compared with the configuration with a window, the configuration with a set leads to more DL indication overhead. In addition, assume that all dominant FD bases vectors which are obtained by gNB are conveyed to UE through beamformed CSI-RS, it is difficult to decide which remaining vectors should be configured to UE if a set with non-consecutive FD bases is configured to UE. The residual FD bases may not be obtained by UE if those vectors in a set are not appropriately selected, resulting performance loss. While FD bases within a window can be applied to obtain the residual FD bases, since all dominant FD bases have been shifted to the same position in delay domain after beamforming and the configured FD bases within a window are consecutive. This could further improve performance at cost of feedback overhead increase. Therefore, FD bases from an orthogonal DFT matrix should be configured to UE through a window with size N. 
Proposal-9: Consecutive FD bases from an orthogonal DFT matrix should be configured to UE via a window. 
Issue2: Minit  is configured to UE or fixed.
At gNB side, in order to multiplex different UEs on the same CSI-RS ports, the   of different UEs should be set to different values so that the UE can recover its effective channel. The  value can be directly configured to UE through RRC signaling. But it cannot be flexible changed. Assume that multiple UEs have been configured with the same  . If gNB want to multiplex CSI-RS of these UEs, the value for some UEs should be changed. One way is to use RRC signaling is to reconfigure them. But this will increase signaling overhead and is not flexible as well. In order to flexibly shift the delay position, DCI indication can be consider to dynamically indicate the   value. 
Proposal-10: Dynamic indication of   should be considered in order to flexibly shift the delay position. 
Issue3: The value(s) of N.
No matter  is turned off or , UE can choose one best FD basis from either N consecutive FD bases in a window or  orthogonal DFT bases. The selected FD basis does not need to report. If , the latter requires higher computation complexity due to FD basis search in a larger range. According to above discussion, the dominant FD bases have been conveyed to UE through beamformed CSI-RS, only residual FD bases are left to be captured by UE. This can be achieved by configuring a window with size N which is smaller than  when  is turned off or. When, the computation complexity is significantly increased since the dimension of singular value decomposition (SVD) which is used to calculate combination coefficients for all layers is PN. Hence, the window size should not be set too large. 
In order to determine the appropriate value of N, the performance evaluation is given for different ports in Figure3. In the simulation, assume N=. We can see that N=2 can further improve system performance with more feedback overhead. However, performance improvement of N=4 is limited. This implies the performance have been saturated when N=2. Larger N cannot bring additional performance gain even with larger feedback overhead.

Figure 3: Performance vs. overhead comparisons for different values of N.
Proposal-11:  is supported.
Issue4: Whether needs to report   value and the selected FD bases to network.
In our view, there are following benefits when  can be reported: 1) If delay reciprocity of UL/DL channel keeps quite well,  may be sufficient, which does not require to report the selected FD bases; 2) Feedback overhead can be further reduced since the size of bitmap which is used to indicate non-zero coefficients will be reduced, especially, if , it does not need non-zero coefficients indication as port selection indication can indicate them; 3)Assume that partial FD bases are selected. The strongest coefficients are only located in these selected FD bases, which can save the strongest coefficient indication overhead due to indication range of FD bases decrease;4) The FD bases can be selected based on non-zero coefficients distribution, so that the selected non-zero coefficients cannot be dropped. This implies that reporting  value does not incur performance loss. 
Proposa-12: The number of FD bases and/or the selected FD bases should be allowed to report by UE.
Issue5: The value(s) of R.
In the above agreement, five alternatives on the values of R are given for down-selection. The three factors, i.e., performance, feedback overhead and UE complexity should be considered at the same time to select an alternative. Since , larger R leads to finer granularity of PMI which achieves better performance. In addition, the feedback overhead is same for different R values. The compression coefficient of the p-th port can be calculated as 
                                                                                    (1)
Where  denotes the estimated effective channel on the n-th PMI frequency units. According to (1), the computation complexity is dependent on CSI-RS configuration. The complexity is unrelated to R. Therefore, R should be set to a larger value as far as possible, e.g., . However, due to CSI-RS configuration, some frequency units may not include beamformed CSI-RS when the density of CSI-RS D is smaller than one, i.e., D<1. For such case, the estimation channel   for some frequency units will not be used to calculate combination coefficients. Then, it is suitable that the maximum value of R is set to D*NPRBSB.
When  , the selected FD bases does not report. The feedback overhead is same for different R values. When , different R values configuration does not change feedback overhead as well. Therefore, R values should be configured to be same when  is turned on associated different  value. 
When  is turned off, is an all-one vector. No matter how larger the length of all-one vector is set, the performance, feedback overhead and UE complexity are always kept same. Hence, the length of all-one vector can be just set to one. It is not necessary that the value of R is applied when  is turned off.
Proposa-13: 
· R= {1, 2, …, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain should be supported.
· R is applied when is turned on.
·  R is not applied when is turned off.
Discussion on CSI-RS enhancement
In the last meeting, the following agreement on CSI-RS enhancement was achieved [1]. 
	Agreement 
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, down-select ONE option for CSI-RS configurations associated with Rel-17 PS codebook, from Option 0 (No further enhancement), Option 1 (i.e. lower CSI-RS density) and Option 3 (i.e. configuring multiple CSI-RS resources)
· If there is no consensus in RAN1 105e, Option 0 is by default.


In subsection 2.2, the simulation results shows that larger performance gain can be achieved in terms of average and cell-edge UPT by using 48 ports over 32 ports. However, at most 32 ports are allowed to configure in specification for a CSI-RS resource, which cannot stratify our request. It is necessary to enhance CSI-RS for Rel-17 port selection codebook.
For CSI-RS enhancements, two options were listed in the last meeting for down selection. In the following, they are analyzed in terms of CSI-RS overhead, flexibility and specification impact.
· Option1:  Lower CSI-RS frequency density per CSI-RS resource:
A configured CSI-RS resource with lower density can reduce CSI-RS overhead. This also enables multiplexing of multiple CSI-RS resources of the same UE or different UEs in frequency domain. Regarding specification impact, it needs to extend the CSI-RS frequency density and introduce PRB offset for CSI-RS with less specification work.  However, the CSI-RS resources transmission in a slot is limited if large number of CSI-RS ports is configured for each resource. For example, the contribution [3] and [4] show that at most 8 CSI-RS resources each with 32 ports and density of per resource being equal to 0.25 are allowed to transmit in a slot, whereas 4 SD-FD pairs-to-one port mapping in frequency domain allows up to 15 resources and each resource with 8 ports and density of per resource with being equal to 1 in a slot. Since only one SD-FD pair is allowed to map one port according to the agreement made in last meeting [1], 4 SD-FD pairs-to-one port mapping in frequency domain was excluded. However, multiple SD-FD pairs-to-one port mapping in frequency domain can be realized by multiple resource configuration with lower density. E.g., in order to convey 32 SD-FD pairs, 4 CSI-RS resources each with 8 ports and density of per resource with being equal to 0.25 can be configured instead of 4 SD-FD pairs-to-one port mapping in frequency domain. This means that 60 resources each with 8 ports and density per resource with being equal to 0.25 can be transmitted in a slot.
· Option3: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 port selection codebook
As discussed above, more SD-FD pairs can bring higher performance gain. If the number of SD-FD pairs is larger than the maximum number of CSI-RS ports of one CSI-RS resource, it is straightforward to introduce more CSI-RS resources to transmit them in a slot. In addition, it is also flexible to support any number of CSI-RS port by aggregating multiple CSI-RS resources. For example, gNB obtains P = 48 pairs based on uplink channel measurement. Two CSI-RS resources are configured to UE. The antenna port number of the two resources is set to 32 and 16, respectively. Or, three resources each with 16 ports can be configured. The design of multiple CSI-RS resources is aligned with the framework of CSI-RS design. Figure 4 shows one possible pattern of the two configured CSI-RS resources. In this figure, the port indexes of the two resources are jointly numbered to denote that more than 32 SD-FD pairs can be supported by configuring more resources. Moreover, different CSI-RS resources can be flexibly configured in different location in time domain and frequency domain.


Figure 4: The pattern of the two configured CSI-RS resources.
CSI-RS transmission may be collided with other signal or channel if a large number of antenna ports are to be configured in a PRB. For example, assume there are two OFDM symbols for PDCCH, one OFDM symbol for front loaded DMRS, and two OFDM symbols for TRS in a PRB, as shown in Figure 5. If a CSI-RS resource with 32 ports is configured, at most one resource can be configured in the PRB. Or, CSI-RS transmission will collide with the TRS when two CSI-RS resources are configured in the PRB, as shown in Figure 5(a).  However, if CSI-RS resource each with 8 ports is configured, 9 resources with the same pattern can be transmitted in the PRB, as shown in Figure 5(b). If CSI-RS resources each with 8 ports are configured with different patterns, 12 resources can be transmitted in the PRB. We can see that CSI-RS capacity can be improved by flexibly configuring multiple CSI-RS resources. In order to reduce CSI-RS overhead, different resources with low density configuration can be transmitted in different PRBs. For example, the density of both CSI-RS resource 0 and CSI-RS resource 1 is set to 0.5. CSI-RS resource 0 and CSI-RS resource 1 are transmitted in odd PRBs and even PRBs, respectively, as shown in Figure 6. Note that the multiple CSI-RS resources can be mapped to different OFDM symbols so that peak processing complexity can be reduced at UE side.

 
Figure 5: The illustration of more CSI-RS resources transmission in a PRB and potential collision with other signal.


Figure 6: The pattern of the two configured CSI-RS resources with low density configuration.
For this option, since one SD-FD pair is still mapped to one port, the additional specification impact is marginal. Moreover, combination coefficients and effective channel can be calculated in the same way as it does with one CSI-RS resource configuration. Hence, additional calculation is not introduced. 
Proposal-14: Opiton3 or the combination of both Option1 and Option3 is supported.
High rank
For Rel-16 Type II codebook and port selection codebook, high rank transmission, e.g., 4 layers, is supported to further improve system performance with additional feedback overhead. According to discussion on Rel-17 port selection codebook design, higher system performance can be achieved with the same overhead compared with Rel-16 Type II port selection codebook. Due to less SVD operation at UE side, the UE complexity of Rel-17 port selection codebook is less than that of Rel-16 Type II port selection codebook. Rel-17 port selection codebook should also support high rank transmission.
Proposal-15: For Rel-17 port selection codebook, high rank transmission, e.g., 4 layers, should be supported.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Rel-17 port selection codebook structure is  which is same to Rel-16 Type II codebook, and  can be turned on or off.  In Rel-16 Type II codebook,  is same for different layers, i.e., is layer-common. While  is different for different layers, i.e.,  is layer-independent. Since the beamforming of CSI-RS port includes SD bases and FD bases for Rel-17 port selection codebook, which is different from that of Rel-16 Type II port selection codebook, the port selection matrix  and compression matrix   for different rank need to be redesigned. 
For port selection matrix , as discussed in subsection 2.2, the number of selected ports  value should be any value up to P and reported to network, and  value depends on the non-zero coefficients location. When rank>1, the number and the location of non-zero coefficients for different layers may be different. This implies that  value may be different as well, i.e., and. Hence, port selection can be layer-independent.
Proposal-16: Port selection can be layer-independent.
When  is turned off, FD basis selection should be layer-common since the FD basis is all-one vector and UE does not report it. When  is turned on, if  for all layers, FD basis selection should be layer-common as well since all configured FD bases are utilized by all layers. FD bases selection should be based on non-zero combination coefficients location. If the coefficients correspond to a FD basis are all zero, this FD basis should be deselected. The number and the location of non-zero coefficients may be different for different layers. Therefore, the FD bases selection can be different as well for different layers when  is turned on. Especially, when   is turned on and  is reported for all layers, FD bases selection is layer-common since the selected FD basis does not need to report and can be regarded as an all-one vector.
Proposal-17: When  is turned on and the number of selected FD bases is different for all layers, FD bases selection should be layer-independent. 
If port selection is indicated independently for each layer, v indication information of port selection are need to report, where v denotes the rank. Combination coefficients of different layers are calculated by using SVD of compression coefficients which is obtained according to expression (1). This may results that the location of reported non-zero coefficients is similar for different layers. As discussed above, port selection is based on the location of the reported non-zero coefficients. If the location of non-zero coefficients for different layers may be similar, port selection of different layers may be similar as well. For such case, in order to save indication overhead, port indication of all layers can be reported by using two parts. The first part includes the ports common to all layers. The second part includes the port selection for each layer except the common part. For example, the number of CSI-RS ports is set to 32. Port selection is polarization-common for each layer. Let  =16 and denote the number of CSI-RS ports and the number of selected ports for the l-th layer for a polarization. Assume v=2, , 16 and 12 ports are selected for the two layers, respectively. Then, , as shown in Figure 7.  In the figure, the black dot denotes that the port is selected. If port selection is indicated independently for each layer, and combinatorial coefficient is used to indicate port selection,  bits are reported for l-th layer, where  denotes the number of selected ports. Then, 35 bits are needed to indicate port selection for two layers. If the indication method of two parts is used, the first part needs  bits to indicate the common ports of two layers. Then  bits are used to indicate the remaining selected ports for l-th layer, where K denotes the number of the ports common to the two layers. In the figure, K is equal to 4. The total overhead is 30 bits for two parts port indication. Compared with independent indication, 5 bits can be saved by using two parts indication.


Figure 7: Port selection for two layers transmission in a polarization.
Proposal-18: In order to save indication overhead, the port selection can be indicated by using two parts: the first part is used to indicate the ports common to all layers, the second part is used to indicate the remaining selected ports for each layer.
In Rel-16 Type II codebook, phase shift is used for all selected FD bases so that the DC component of the orthogonal DFT matrix is always selected, and the strongest coefficient always corresponds to the DC component. As a result, the indication overhead of FD bases selection and strongest coefficient can be reduced. Since the FD bases are freely selected by UE, it is not necessary report the phase shift quantity to network. The codebook structure of Rel-17 port selection codebook is same to that of Rel-16 Type II codebook. Hence, the phase shift can be adopted to achieve the same objective. However, different from Rel-16 Type II codebook, FD bases are selected from a configured window or set with size N by UE for Rel-17 port selection codebook. If phase shift is applied to Rel-17 port selection codebook, the phase shift quantity should be reported to network since FD bases after shifting phase may be not included in the configured window or set. After phase shift for FD bases, bits and  bits are used to indicate the phase shift quantity and selected FD bases except the DC component after shifting phase, where  denotes the reported number of selected FD bases for l-th layer. Network can infer the selected FD bases for l-th layer according to the two indication information reported.
 Proposal-19: Phase shift can be adopted at UE side. Then,   and  bits are used to indicate the selected FD bases by UE for the l-th layer.
In Rel-16 Type II codebook,  and  bits are used to indicate the location of strongest coefficient for rank=1 and rank>1, respectively [4]. is the number of non-zero coefficients. As discussed above, the strongest coefficient corresponds to the DC component after shifting phase. The indication of the strongest coefficient should be similar to that of strongest coefficient in Rel-16 Type II port selection codebook. The difference is that the number of port selection can be reported in Rel-17 port selection codebook, as illustrated in subsection 2.2. Therefore,  should be used to indicate the strongest coefficient for the l-th layer when . 
Proposal-20: The strongest coefficient is indicated by using  for l-th layer.
1. CSI enhancement for Multi-TRP/panel Transmission
1.1 
2.1 
Non-PMI based feedback for m-TRP
Due to the advantage in accurate CSI acquisition and better performance, non-PMI based feedback has already been adopted since Rel-15 for NR. To enhance the CSI feedback for M-TRP in Rel-17, it’s natural to extend non-PMI based feedback mechanism to the case with more than one TRP. At least for TDD system, the system can benefit from accurate CSI feedback and lower feedback overhead. Meanwhile, the complexity with precoder selection at UE side can be avoided.
Proposal-21: Non-PMI based feedback can be supported for CSI enhancement for M-TRP.
Inter-TRP interference measurement
To capture the actual channel quality in NC-JT, the interference between coordinated TRPs has to be taken into account in CSI calculation. To that end, for NCJT CSI measurement configured with single reporting setting, at least the following alternatives can be considered.
In the first alternative, as shown in the following figure, a non-precoded CMR (resource 1-1) is used for channel management of TRP1, while the same resource can be configured for interference measurement when detecting layers from TRP 2. Similarly, resource 1-2 is used for channel measurement of TRP2, and the same resource can be used for interference measurement when detecting layers from TRP 1. In such approach, at least three resource settings have to be configured, namely the resource setting for channel measurement, inter-cell interference measurement and inter-TRP interference. 
[image: C:\Users\suxin\Desktop\图片2.png]
Figure 8: Inter-TRP interference measurement Alt-1 for single report setting
Actually, given the channel measurement of both TRPs in coordination as well as the measurement of inter-cell interference, CSI calculation is solely based on the assumed transmission scheme and detection algorithm at UE side. Therefore, exactly the same functionality as in Alt-1 can be achieved with the configuration shown in the figure as follows. 
[image: C:\Users\suxin\Desktop\图片1.png]
Figure 9: Inter-TRP interference measurement Alt-2 for single report setting
In Alt-2, resource 1-1 and 1-2 in resource set 1 are configured to measure the channel of TRP 1 and 2 respectively. In addition to that, one more resource, i.e. resource 2-1 in resource set 2, can be configured for CSI-IM based interference measurement. In CSI calculation, the UE assumes that PMI-1/RI-1 and PMI-2/RI-2 are applied to the channel of TRP 1 and 2 respectively in PDSCH transmission.  As NC-JT transmission over the composite channel of TRP 1 and 2 is assumed, inter-TRP interference can be reflected in the reported PMI/RI/CQI. 
Based on the discussion above, it’s noted that to achieve the same functionality, only two resource sets are needed in Alt-2, whereas three resource sets have to be used with Alt-1. What’s more, in current spec, only precoded CSI-RS can be supported if NZP CSI-RS based interference measurement is configured. Therefore, more specification works will be involved if Alt-1 is to be adopted. 
Proposal-22: For CSI reporting based on single report setting, two associated CMR resources in the same resource set are used for channel measurement of two TRPs. In CSI calculation, the UE assumes that in PDSCH transmission, PMI-1/RI-1 and PMI-2/RI-2 are applied to the channel of TRP 1 and 2 respectively. By doing so, inter-TRP interference measurement can be achieved without introducing non-precoded IMR.
In the #103e meeting, the following two options were listed as working assumption for CSI measurement of M-DCI based NC-JT.
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
It seems that based on current spec, inter-TRP interference measurement can already be realized with option 2. However, it’s also noted that in current spec, NZP CSI-RS based interference can only be configured for aperiodic CSI reporting. Furthermore, in previous meeting, it’s agreed that only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported for the above two options. Therefore, if option 2 is to be adopted, NZP CSI-RS based interference measurement has to be supported even in ‘periodic’ and ‘semiPersistentOnPUCCH’ cases. 
If option 1 is to be adopted, the configuration/indication of CMR association needs to be specified in spec. Similar to single report setting case, inter-TRP interference can be reflected in CSI calculation by assuming NC-JT transmission over the channels measured from the associated CMRs. Considering the impacts of the two options on spec, option 1 is slightly preferred.
Proposal-23: Considering the impacts of the two options on spec, option 1 is slightly preferred.
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
Other issues
In Rel-16, in addition to 1a, transmission schemes such as 2a/2b/3 and 4 are also supported, and more new transmission schemes are under discussion in Rel-17 for HST scenario. Therefore, to reflect the actual channel condition in a specific transmission scheme, different assumptions on transmission scheme can be made. 
Proposal-24: CSI feedback enhancements for transmission scheme 2a, 2b, 3 and 4 are supported.
For M-DCI based NC-JT, the following two alternatives can be considered for CSI reporting.
· Alt-1: two independent reports, for different TRPs respectively
· Alt-2: one set of report quantities for NC-JT can be reported to any of the two TRPs
If the backhaul is not ideal, supporting two independent reports, i.e. Alt-1, is a reasonable choice. However, if ideal backhaul can be assumed, similar to joint feedback of ACK/NACK via PUCCH for M-DCI based NC-JT, joint feedback of CSI, i.e. Alt-2, can be considered as well. If Alt-2 can be adopted, the CSI feedback overhead can be reduced. Meanwhile, as there is only one resource needs to be occupied with Alt-2, rather than two resources towards different TRPs, the system may benefit from higher flexibility in PUCCH resource allocation. 
Furthermore, the combination of Alt-1 and 2 can be considered as well. In such case, separate reports can be used if the resources for CSI reporting towards different TRPs are different. If resources for CSI reporting towards different TRPs are overlapped, joint CSI reporting can be used.
Proposal-25: Further discuss the following alternatives for CSI reporting of M-DCI based NC-JT.
· Alt-1(separate feedback): Two independent reports, for different TRPs respectively
· Alt-2(joint feedback): One set of report quantities can be reported to any of the two TRPs
· Alt-3: Separate reports (i.e., Alt-1) can be used if the resources for CSI reporting towards different TRPs are different. If resources for CSI reporting towards different TRPs are overlapped, joint CSI reporting (i.e., Alt-2) can be used.
In the last meeting, the following agreement has been reached:
Agreement
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair and Ks=2 CMR resources
· Alt 2: No, it is not supported
In current spec, UE assumes that each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer, and CSI for MU-MIMO can be calculated based on precoded NZP CSI-RS. However, the fact is that MU-MIMO can show performance gain in high-load cases for UEs in high SINR region, while NC-JT is introduced to improve efficiency for edge users when the system load is relatively low.  That is, the targeting deployment scenarios of MU-MIMO and NC-JT are different. Therefore, no optimization for supporting the combination of MU-MIMO and NC-JT has been specified in specification in Rel-16. In our opinion, the situation is still the same, and interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis is not needed in Rel-17.
Proposal-26: Interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis is not needed.
In the last meeting, the following two alternatives have been agreed for further discussion:
Agreement 
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UE is expected to have different NZP CSI-RS resources configured for all CMRs of Single-TRP and NCJT measurement hypotheses respectively.
· Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for single-TRP measurement hypotheses, otherwise they cannot.
To measure CSI based on a CMR for single-TRP hypothesis in FR2, depending on UE implementation, receiving beams can be generated jointly on two panels at UE. For CSI measurement based on a CMR pair for NC-JT hypothesis in FR2, two beams can be formed separately at different panels of UE. In such case, CMR resource sharing between single-TRP and NC-JT hypotheses is not feasible. However, if the same beam/panel is used for measuring the CMR from the corresponding TRP no matter for single-TRP and NC-JT hypotheses, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can also be used for single-TRP measurement hypotheses. Therefore, to reduce the number of CMR resources, Alt 3 can be supported.
Proposal-27: If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for single-TRP measurement hypotheses, otherwise they cannot.
Regarding whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, the following two alternatives have been agreed in the last meeting for further discussion:
Agreement 
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, study following Alternatives and down-select one Alternative in RAN1#105-e:
· Alt 1: It is feasible for FR1 but not for FR2.
· Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.
In our opinion, whether such sharing of CMR resource between CMR pairs is feasible depends on UE implementation as well. Therefore, to save CMR resources for CSI measurement of NC-JT, Alt 2 is preferred.
Proposal-28: CMR resource sharing between CMR pairs is feasible for both FR1 and FR2 but subject to further UE capability for FR2.
Conclusions
[bookmark: _GoBack]In this contribution we discussed the design details of further enhanced Type II port selection codebook and CSI enhancement for multi-TRP/panel. Our observations or proposals are summarized below.
Observation: 
Observation-1:When  is turned off or, compared with polarization-specific, polarization-common can achieve better tradeoff between performance and overhead for non-zero coefficients selection.
Observation-2: When  is turned off or, compared with Scheme1, Scheme 2 incurs less indication overhead. 
Observation-3: Compared with bitmap indication, combinatorial coefficients indication can save overhead for some cases. 

Proposals on port selection codebook:
Proposal-1: When is turned off or, the bitmap for indicating non-zero coefficients should be polarization-common.
Proposal-2: The values of can be configured to 1/8, 1/4, 1/2, 3/4 and 1.
Proposal-3: When is turned off or, the bitmap for indicating non-zero coefficients can be absent.
Proposal-4: The strongest coefficient should be indicated to save feedback overhead.
Proposal-5:Alt1 is supported for coefficient quantization.
Proposal-6:  should be reported to network with any value up to P.
Proposal-7: Port selection should be indicated via combinatorial coefficients when is turned off or on.
Proposal-8: The maximal value of P should be equal to 48.
Proposal-9: Consecutive FD bases from an orthogonal DFT matrix should be configured to UE via a window. 
Proposal-10: Dynamic indication of   should be considered in order to flexibly shift the delay position. 
Proposal-11:  is supported.
Proposa-12: The number of FD bases and/or the selected FD bases should be allowed to report by UE.
Proposa-13: 
· R= {1, 2,…, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain should be supported.
· R is applied when is turned on.
·  R is not applied when is turned off.
Proposal-14: Opiton3 or the combination of both Option1 and Option3 is supported.
Proposal-15: For Rel-17 port selection codebook, high rank transmission, e.g., 4 layers, should be supported.
Proposal-16: Port selection can be layer-independent.
Proposal-17: When  is turned on and the number of selected FD bases is different for all layers, FD bases selection should be layer-independent. 
Proposal-18: In order to save indication overhead, the port selection can be indicated by using two parts: the first part is used to indicate the ports common to all layers, the second part is used to indicate the remaining selected ports for each layer.
Proposal-19: Phase shift can be adopted at UE side. Then,   and  bits are used to indicate the selected FD bases by UE for the l-th layer.
Proposal-20: The strongest coefficient is indicated by using  for l-th layer.

Proposals on multi-TRP/panel:
Proposal-21: Non-PMI based feedback can be supported for CSI enhancement for M-TRP.
Proposal-22: For CSI reporting based on single report setting, two associated CMR resources in the same resource set are used for channel measurement of two TRPs. In CSI calculation, the UE assumes that in PDSCH transmission, PMI-1/RI-1 and PMI-2/RI-2 are applied to the channel of TRP 1 and 2 respectively. By doing so, inter-TRP interference measurement can be achieved without introducing non-precoded IMR.
Proposal-23: Considering the impacts of the two options on spec, option 1 is slightly preferred.
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
Proposal-24: CSI feedback enhancements for transmission scheme 2a, 2b, 3 and 4 are supported.
Proposal-25: Further discuss the following alternatives for CSI reporting of M-DCI based NC-JT.
· Alt-1(separate feedback): Two independent reports, for different TRPs respectively
· Alt-2(joint feedback): One set of report quantities can be reported to any of the two TRPs
· Alt-3: Separate reports (i.e., Alt-1) can be used if the resources for CSI reporting towards different TRPs are different. If resources for CSI reporting towards different TRPs are overlapped, joint CSI reporting (i.e., Alt-2) can be used.
Proposal-26: Interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis is not needed.
Proposal-27: If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for single-TRP measurement hypotheses, otherwise they cannot.
Proposal-28: CMR resource sharing between CMR pairs is feasible for both FR1 and FR2 but subject to further UE capability for FR2.
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Appendix
Table AI: Evaluation assumptions
	Parameter
	Value

	Duplex 
	FDD 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) 

	Carrier frequency
	2GHz 

	Inter-BS distance
	200m 

	Antenna setup and port layouts at gNB
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]32 TxRU: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
16 TxRU: (8,4,2,1,1,2,4) ,(dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 

	BS Tx power 
	41 dBm for 10MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Simulation bandwidth 
	10 MHz with 15KHz

	Maximum MU layers
	12

	CSI feedback period and feedback delay
	5 ms and 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for SU/MU-MIMO with rank=1

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver



DFT Based,P=K1=32,Mv=1
R17,Polar-common,𝛽	={1/8,3/16,1/4,5/16,3/8,7/16,1/2,9/16,5/8,11/16,3/4,13/16,7/8,15/16,1}	37	54	69	85	99	114	128	142	155	169	181	194	205	216	226	1.0178778855326989	1.0762219858414364	1.1215911290065874	1.1669982580061633	1.1918889112725244	1.223360618085892	1.2449006865854477	1.2579893249616116	1.2689273562343826	1.2797905696455749	1.2881560227957862	1.2946309618150069	1.2975869428522657	1.2961348519330671	1.2957559788720634	R17,Polar-specific,𝛽	={1/8,3/16,1/4,5/16,3/8,7/16,1/2,9/16,5/8,11/16,3/4,13/16,7/8,15/16,1}	46	64	82	98	114	129	144	157	170	182	194	204	214	221	226	1	1.0731070702800458	1.1368300472024622	1.1713243152483812	1.199608686015927	1.231768091922679	1.2502022972873421	1.2658960797121372	1.2730357183139891	1.2848592018902214	1.2956442355896796	1.2938225146141231	1.2992350648131887	1.3012517626271665	1.2970463307898901	overhead(bits)

Relative Average Performance



DFT Based
Alt2-0 (32S6,32S8,32S16,32S24)	60	78	140	190	222	0.99200600895016111	1.043384509804564	1.1605731438223634	1.1985654976776414	1.2055982968866665	Alt1 baseline (32S6,32S8,32S16,32S24)	64	82	144	194	226	1	1.0553476158855326	1.1624455481648648	1.2046977332665483	1.2095311742603545	Alt1-1 (1/2)^(1/8) (32S6,32S8,32S16,32S24)	64	82	144	194	226	0.9959846360231065	1.0605832025196749	1.1617453457839457	1.2040954926408949	1.2093782516217519	Alt1-1,(1/2)^(3/8)(32S6,32S8,32S16,32S24)	64	82	144	194	226	1.0061796765987558	1.0544005229507247	1.1653044766148746	1.2033191679426223	1.2039172938596303	Overhead (bits)

Relative  Average Performance



DFT Based,β=1/Mv
R17,P=32,Mv={1,2,4}	226	288	329	1	1.0142437034643981	1.0146668092000817	Overhead(bits)

Relative Average Performance



DFT Based,β=1
R17,P=16,Mv={1,2,4}	113	226	451	1	1.027498996929916	1.0364599139839241	Overhead(bits)

Relative Average Performance



DFT Based,P=K1=16,Mv=1
R17,Polar-common,𝛽	={1/4,3/8,1/2,5/8,3/4,7/8,1}	34	49	64	77	90	102	113	0.99893580525337322	1.082329660609983	1.1417595510159118	1.1734275942529442	1.2121042459539544	1.2259922547745412	1.2274957108595437	R17,Polar-specific,𝛽	={1/4,3/8,1/2,5/8,3/4,7/8,1}	40	56	71	84	96	106	113	1	1.0750560966084159	1.1363510831333214	1.175453844436628	1.1996852499164039	1.2251794714106261	1.2311315455630325	Overhead(bits)

Relative Average Performance
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