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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Significant progress on MTRP CSI enhancement and partial reciprocity were achieved in previous meetings [1].
In this paper, our views on remaining issues, further potential enhancements, and evaluation results on CSI enhancements for MTRP/panel transmission and partial reciprocity are provided.
CSI enhancement for MTRP
[bookmark: _Hlk61273453][bookmark: _Hlk61271038]In previous meetings, as shown in Figure 1, two configuration methods with one reporting setting for NC-JT, i.e., Cat1, and multiple reporting settings for NC-JT, i.e., Cat2, were proposed to enhance CSI feedback for MTRP transmission. a single reporting setting for NC-JT has been agreed for S-DCI based MTRP transmission and multiple reporting settings for NC-JT are agreed as a working assumption for M-DCI based MTRP transmission.


[bookmark: _Ref61896615][bookmark: _Hlk60652082]Two configuration methods for MTRP transmission
In this paper, we will focus on the remaining issues of RAN1#105-e and Cat2 for non-ideal backhaul based NC-JT.
Remaining issues of Cat1
[bookmark: _Hlk75955038]CSI measurement enhancement and CSI framework for MTRP
Following agreements were reached on this issue in previous meeting.
	Agreement
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NC-JT measurement hypothesis and a CMR configured for STRP measurement hypothesis:
· 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 NC-JT measurement hypothesis can be used for STRP measurement hypotheses, otherwise they cannot.

Conclusion
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NC-JT measurement hypothesis, in addition to CSI-IM
Alt 2: No, it is not supported
Agreement
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NC-JT measurement hypotheses
· Alt 1: It is feasible for FR1 but not for FR2.

Agreement
A CSI-IM resource is configured to be associated with either a CMR for STRP measurement hypothesis or a CMR pair for NC-JT measurement hypothesis:  
· One-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for STRP measurement hypothesis and N NZP CSI-RS resource pairs for NC-JT measurement hypothesis configured in a CSI-RS resource set.
· FFS the value/definition of M 
Note: it is possible to configure the same value of CSI-IM resource ID for both NC-JT and STRP measurement hypotheses in FR1 and FR2, subject to QCL-Type D consistency between measurement hypotheses of the shared CMR in FR2

Agreement
For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NC-JT measurement hypotheses, study following default value of Ks,max,
· Alt 1: Ks,max = 4
· Alt 2: Ks,max = 2
· Alt 3: Ks,max = 4 for FR2, and Ks,max = 2 for FR1
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how to support following dynamic updating on, e.g. by MAC-CE
· Alt 1: CMR pairs for NC-JT measurement hypotheses
· Alt 2: CMRs for STRP measurement hypotheses
· Alt 3: TCI states in CMRs
· Alt 4: the number of STRP CSIs (i.e. X=0/1/2) in a NC-JT CSI report

Agreement 
For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or more Alts in RAN1#106-e:
· Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for STRP measurement hypotheses
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NC-JT measurement hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if not allowed), or select any from the set for STRP measurement hypotheses. 
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable STRP measurement hypothesis using CMR configured within CMR pairs for NC-JT measurement hypothesis
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NC-JT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for STRP measurement. If gNB disable the sharing, {#1, #3} are for STRP measurement hypotheses. 
· [bookmark: _Hlk76218236]Alt 4: CMR sharing between STRP measurement hypothesis and NC-JT measurement hypothesis is realized by configuring the same value of CMR ID for STRP CMR and NC-JT CMR pair.
· Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NC-JT measurement hypotheses, the rest {#0, #3} are for STRP measurement hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.
Note that above examples are only for the purpose of illustrating/discussing Alternatives.


[bookmark: _Hlk75958447]For CSI measurement enhancement and CSI framework, we have discussed many issues such as measurement methods, CMR sharing, CMR grouping, IMR configuration, configuration restrictions, and so on. Going back to the previous meetings, the main discussions and agreements focused on the CMR configuration for Cat1. Besides, if the CMR configuration is clear, the CSI framework of MTRP transmission will go easily. Thus, we think it is important to solve the remaining issues of CMR configuration firstly.
CMR/IMR configuration
For CMR configuration, it is agreed that a UE determines CMR pairs to calculate the NC-JT hypothesis from two CMR groups in a CMR set, and CMRs in each CMR group can be used for both NC-JT and STRP measurement hypotheses at least for FR1. Besides, we also reach some consensuses in the number of CMR pairs and CMR sharing between two CMR pairs. Therefore, the remaining issues are shown as follows:
The default maximum number of CMR that means the minimal supported value for Ks,max in UE capability reporting for CSI measurement
The configuration method for NC-JT CMR pair(s) and STRP CMR(s)
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]For the 2nd sub-bullet, three alternatives, i.e., Alt.2, Alt.3, and Alt.4, were proposed in RAN1#105-e. Different alternatives may need different default maximum number of CMRs if the default maximum number of CMRs is not the number of CMRs being measured but the number of CMRs being configured. Besides, the reporting mechanisms, i.e., Option1 with X=0, 1, 2 and Option2, also affect the default maximum number of CMRs. The minimum requirement of the CMR quantity configured in the CMR set for the reporting mechanisms is summarized in the following table.
[bookmark: _Ref79139899][bookmark: _Ref76635428]The minimum requirement of the number of configured CMRs for reporting mechanisms
	[bookmark: OLE_LINK7]Reporting mechanism
	Alt2
	Alt3
	Alt4

	
	CMR sharing
	No CMR sharing
	CMR sharing
	No CMR sharing
	CMR sharing
	No CMR sharing

	Option1 with X=0
	-
	2 CMRs
	-
	2 CMRs
	-
	2 CMRs

	Option1 with X=1 (optional feature)
	2 CMRs
	3 CMRs
	2 CMRs
	3 CMRs
	3 CMRs
	3 CMRs

	Option1 with X=2 (optional feature)
	2 CMRs
	4 CMRs
	2 CMRs
	4 CMRs
	4 CMRs
	4 CMRs

	Option2
	2 CMRs
	3 CMRs
	2 CMRs
	3 CMRs
	3 CMRs
	3 CMRs



According to the related agreement, CSI reporting mechanisms of Option1 with X=0 and Option2 are mandated to be supported by UE. That is, the default maximum number of CMRs is also affected by the reporting mechanism. From Table 1, 3 CMRs are needed for the mandatory CSI reporting mechanisms, while minial request for maximum CMR number of Option1 with X=2 is 4. Therefore, we support the default maximum number of CMR is 4 for MTRP CSI measurement.
[bookmark: _Ref79174017]
[bookmark: _Hlk76028491]Support the default maximum number of CMR is 4 for MTRP CSI measurement.
From the perspective of the configuration methods, Table 2 shows the pros and cons of three alternatives.
[bookmark: _Ref79140463]The pros and cons of the three alternatives.
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Alternative
	Pros
	Cons

	Alt.2
	High flexibility
Able to select any CMR from the set for STRP hypothesis.
	Additional RRC signaling
Additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CMR set for STRP hypothesis.
Possible waste of configured CMRs
Some CMRs may be configured for neither NC-JT hypothesis nor STRP hypothesis.

	Alt.3
	No resource waste
All CMRs can be measured.
	Low flexibility
[bookmark: OLE_LINK3]If CMR sharing is enabled, all CMRs for NC-JT hypothesis must be used for STRP hypothesis.
Additional RRC signaling
Additional RRC signaling to enable/disable STRP hypothesis using CMR configured within CMR pairs for NC-JT hypothesis.

	Alt.4
	[bookmark: _Hlk76027972][bookmark: OLE_LINK4]No additional RRC signaling
CMR for STRP hypothesis and CMR pair for NC-JT hypothesis are separate configured.
High flexibility.
Able to configure any CMR from or not from the NC-JT CMR pairs for STRP hypothesis.
No resource waste
All configured CMRs must be measured.
	More configrued CMR number
[bookmark: _Hlk76028338]If CMR sharing is enabled, compared with Alt2 and Alt3, more CMR number configured in CMR set is needed on equal conditions but without increasing the number of CMRs to be measured for the shared CMRs.



Based on the table above, Alt.4 maintains the pros of Alt.2 and Alt.3 and is of an extra advantage of no additional RRC signaling and it is a straightforward and clear configuration. Firstly, configuring more CMRs does not mean that UE always needs to measure more CMRs, while the number of CMRs to be measured, depending on the exact different number of CSI-RS resource IDs, is same as other two alternatives. Besides, Alt.4 has little impact on the UE behavior in terms of CPU occupation. It can be used for CPU occupation rule in a straightforward way by directly counting the number of configured CMRs, i.e., one NC-JT hypothesis configured with two CMRs occupies two CPUs and one STRP hypothesis configured with one CMR occupies one CPU. 
However, introducing additional RRC signaling in Alt.2 or Alt.3 will inevitably cause effects on legacy behavior. For example, when determining the number of occupied CPUs for such a CSI reporting setting, the UE has to interpret the additional RRC signaling and perform additional calculation. Besides, the current CRI definition is not based on any additional RRC signaling either but on the CMR configuration.
All things considered, we prefer Alt.4 for measurement and framework. Although more CMR number is needed on equal conditions compared with Alt.2 and Alt.3 when shared CMRs are configured, it still can be configured quite in the range of CMR number per CSI-RS resource set in Rel-16, considering the minimum requirement of the CMR quantity configured in a CMR set for the reporting mechanism shown in Table 1 and the supported default maximum number of CMR.
In Alt.4, the UE can separate the CMRs into two groups and form N CMR pair(s) according to the K1(or K2) and N which are configured in the enhanced CSI reporting setting. To indicate N CMR pairs from all CMRs in two groups, a simple way is one-to-one mapping the first N CMRs of Group 0 to the first N CMRs of Group 1 to form N CMR pairs. The CMRs other than the CMRs in the CMR pair(s) in the CSI-RS resource set are used for STRP hypothesis measurement. An illustration of CMR configuration and pairing is shown in Figure 2 for N=1 and K1=K2=2. CMR0 and CMR1 belong to group 0, CMR2 and CMR3 belong to group 2. CMR0 and CMR2 form a CMR pair for NC-JT hypothesis measurement, and the remaining CMRs in each group, i.e., CMR1 and CMR3, are used for STRP CSI measurement.


[bookmark: _Ref71273402][bookmark: _Hlk70685039]Illustration of CMR pairing when N=1, Ks=4, K1=K2=2
With the CMR configuration framework Alt.4, CMR sharing is implemented by configuring the same CSI-RS resource ID. As shown in Figure 3, the example illustrates the CMR configuration to share CMR0 for both a NC-JT hypothesis and a STRP hypothesis by configuring CMR0 in the first N=1 CMR in Group0 to form the CMR pair with the first CMR, i.e., CMR1, in Group1, and the second CMR0 in Group0 for STRP hypothesis.
In this configuration shown in Figure 3, UE only measures CMR0 once and assumes that the measurement result of CMR0 can apply to two hypotheses. The CPU occupation rule remains the same in the sense that the number of CPUs still depends on the number of CMR pairs and the number of CMRs for STRP regardless of CMR sharing or not.


[bookmark: _Hlk71645483][bookmark: _Ref71645419]The CMR configuration to share CMR0 for both a NC-JT hypothesis and a STRP hypothesis when N=1, Ks=4, K1=K2=2
Regarding interference measurement for Cat1, one-to-one mapping between M+N CSI-IM resources to M CMRs for STRP measurement hypothesis and N CMR pairs for NC-JT measurement hypothesis configured in a CSI-RS resource set is agreed. The remaining issue is the definition/value of M. In our discussion of CMR configuration, we think the value of M is not derived from additional RRC signaling and N but from CMR configuration and N. For example, when N=1 and Ks = 3, the CSI-IM resource configuration is shown in the following figure based on Alt.4.


Configurations for CSI-IM
[bookmark: _Ref79174031]
Support Alt.4 for measurement and framework.
N CMR pairs are formed by one-to-one mapping of the first N CMRs between two CMR groups.
The CMRs other than the CMRs in the CMR pair(s) in each CMR group are used for STRP hypothesis measurement.
The value of M is not come from additional RRC signaling and N but from CMR configuration and N.

Dynamic updating by MAC-CE
[bookmark: _Hlk79168317]Beside RRC configuration of CMRs, dynamic updating by MAC-CE for CMR enhancement was raised in the last meeting:
Alt.1: CMR pairs for NC-JT measurement hypotheses
Alt.2: CMRs for STRP measurement hypotheses
Alt.3: TCI states in CMRs
Alt.4: The number of STRP CSIs (i.e. X=0/1/2) in a NC-JT CSI report
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]First of all, we see the need for dynamic TCI updating of CMRs by MAC-CE, which is beneficial for FR2 to update the possible beams to avoid frequently reconfiguring the TCI states in CSI resource settings or preconfiguring too many CSI-resource settings with all possible TCI states for CMR pairs and CMRs for STRP hypotheses. In Rel-15/16, the TCI states of CMRs for periodic CSI-RS are configured in NZP CSI-RS resources in the CSI resource setting. For aperiodic CSI-RS, the TCI states of the CMRs in the resource sets are configured in advance as well even they can be dynamically indicated or selected by triggering state. It is infeasible to either preconfigure the triggering state with all possible TCI state pairs in resource sets of all candidate beam pairs for a UE, or reconfigure the TCI states with large RRC signaling latency and uncertainty of effective time. As a matter of fact, semi-persistent CSI-RS in Rel-15/16 gives us a good example where the TCI states are indicated by the activation MAC-CE, as shown in Figure 5.


[bookmark: _Ref71619308]SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE
Dynamic updating the TCI states in CMRs for both periodic CSI-RS and aperiodic CSI-RS by MAC-CE like semi-persistent CSI-RS will provide the flexibility and timeliness of beam pair update of CMR pair in FR2.
Besides, configuring all measurement cases, each corresponding to a CSI reporting setting (csi-ReportConfig), will need a large number of CSI reporting settings, especially in FR2. For example, if 4 beam pairs are reported by a beam report and period CSI is enabled, and one CMR pair and two CMR pairs are configured in separate CSI resource settings associated with separate CSI reporting settings for Option1 with X=0 or Option2, at least 20 CSI reporting settings are needed . However, the maximum number of CSI reporting settings is 48 in CSI-MeasConfig in the current specification. If dynamic updating of the TCI states of CMRs is supported, 4 CSI reporting setting are enough in same condition. Some illustrations are shown in the following table.
Illustrations of csi-ReportConfig requirement
	Configuration
	Number of CSI reporting settings

	Dynamic updating the TCI states
	Yes
	No

	4 beam pairs, Option1 with X=0, one CMR pair
	1
	=4

	4 beam pairs, Option1 with X=0, two CMR pairs
	1
	=6

	4 beam pairs, Option2, one CMR pair
	1
	=4

	4 beam pairs, Option2, two CMR pairs
	1
	=6



For Alt.1, i.e., dynamic updating CMR pairs for NC-JT measurement hypotheses, the main application scenarios are updating the number of CMR pairs or modifying the pairing relationship. For updating the number of CMR pairs, as we all know, the possible number of CMR pairs is limited to N=1 (mandatory) or 2 (optional). It can be implemented by configuring up to 2 CSI resource settings. Besides, if N is changing, adapting the reporting mechanism or the STRP measurement hypothesis may also needed to avoid the collision. Modifying the pairing relationship is mainly used in FR2 when the beam pair changes, which can be fully implemented by dynamic updating TCI states in CMRs in Alt.4.
Regarding Alt.2, i.e., CMRs for STRP measurement hypotheses, we fail to see the requirement and use case. If it only wants to measure a CMR with a different beam, dynamic updating TCI states in CMRs can be used instead. In Alt.3, the number of STRP CSIs (i.e. X=0/1/2) in a NC-JT CSI report is going to be dynamically changed. However, changing X value may be restricted by the configured CMRs for STRP hypothesis. For example, for the case of Ks=2, N=1 and CMRs cannot be shared, as shown in Figure 6, it may lead to unavailable STRP CMRs when changing from X=0 to X=1 or 2 if the number of CMRs for STRP are not updated at the same time. Secondly, the X=1/2 are optional features for UE.
To sum up, we think Alt.3, i.e. dynamic updating the TCI states in CMRs, is a more useful feature and should be supported.


[bookmark: _Ref71638803][bookmark: _Ref71654087][bookmark: _Hlk67407865]The association among CMRs when N=1, Ks=2, K1=K2=1

Support dynamic updating TCI states of CMRs by MAC-CE for periodic CSI-RS and aperiodic CSI-RS.
Reporting enhancement
	Agreement
For Option 1 CSI reporting associated with NC-JT and X STRP measurement hypotheses, study whether to support following PMI/RI sharing mechanisms between NC-JT CSI and STRP CSI(s):
· Enabling/Disabling PMI, RI sharing via higher-layer configuration
· Dynamic indication of PMI, RI sharing in the CSI report
· FFS: other details
· FFS: applicable conditions/restrictions of CMR sharing among STRP and NC-JT hypotheses, if above PMI/RI sharing mechanism can be applied 

For future RAN1 meeting:
For a CSI report setting with Option 1 and X=1 or 2, study prioritizing CSI associated with reported CSI hypotheses within a CSI Reporting Setting
· FFS potential impact for UCI payload generation
· FFS whether/how to update CSI priority formula, and additional specification impact due to updated formula
· FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI
· FFS: whether the X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI report or X+1 CSI reports
· Companies are encouraged to discuss and justify purposes of prioritizing CSI associated with reported CSI hypotheses. 



Reporting mechanism
Two reporting mechanisms were agreed in the RAN1#104-e:
Option1: the UE can be configured to report X CSIs associated with STRP measurement hypotheses and one CSI associated with NC-JT measurement hypothesis, where X = 0, 1, 2.
[bookmark: _Hlk67476376]Option2: the UE can be configured to report one CSI associated with the best one among NC-JT and STRP measurement hypotheses.
For Option1, X CRIs for STRP measurement hypotheses and one CRI for NC-JT measurement hypothesis are reported. CRI bit size of either hypothesis depends on the number of the corresponding CMRs or CMR pairs. Regarding the separate CRI reporting and joint CRI reporting, our preference is separate CRI reporting because the CRI bit size of different hypotheses may be different and joint CRI reporting is too complex for mapping all CRI combinations to a CRI field when Option1 with X=2 is configured.
[bookmark: _Ref67922510][bookmark: _Ref67922537]For Option2, one CRI is reported whereas CRI bit size depends on a total number of CMRs for STRP hypotheses and CMR pairs for NC-JT hypotheses, which means the mapping mechanism between each CRI codepoint and hypothesis needs to be designed. As discussed in 2.1.1, the N CMR pair are the top N CMRs in each CMR group and the remaining CMRs are used for STRP hypotheses. Therefore, the mapping mechanism can be that the first N codepoints are corresponding to N CMR pairs for NC-JT hypotheses and the remaining codepoints are corresponding to the remaining CMRs for STRP hypotheses.
[bookmark: _Ref71654126]
For CRI reporting in Option1, support separate CRI reporting for STRP hypotheses and NC-JT hypotheses.
[bookmark: _Ref71654136]
For CRI reporting in Option2, the first N codepoints are corresponding to N CMR pairs for NC-JT hypotheses and the remaining codepoints are corresponding to the remaining CMRs for STRP hypotheses.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the discussion above, Table 4 and Table 5 show the design of CSI fields for Option1 and Option2, respectively, when PMI and CQI granularity are subband. 
[bookmark: _Ref67930264]CSI fields of one CSI report for Option1, when subband CQI and PMI are configured
	
	CSI hypothesis
	CSI fields for CSI hypothesis

	CSI report Part1
	CSI for STRP hypothesis, if reported
	X CRI field(s), if reported

	
	
	X RI field(s), if reported

	
	
	X wideband CQI field(s) for the first TB, if reported

	
	
	X subband CQI field(s) for the first TB, if reported

	
	CSI for NC-JT hypothesis, if reported
	1 CRI field, if reported

	
	
	1 joint RI field, if reported

	
	
	1 wideband CQI field for the first TB, if reported

	
	
	1 subband CQI field for the first TB, if reported

	CSI report Part2
	CSI for STRP hypothesis, if reported
	X wideband PMI field(s), if reported

	
	
	X LI(s) field(s), if reported

	
	
	X subband PMI field(s), if reported

	
	
	X wideband CQI field(s) for the second TB, if reported

	
	
	X subband CQI field(s) for the second TB, if reported

	
	CSI for NC-JT hypothesis, if reported
	2 wideband PMI field(s), if reported

	
	
	2 LI field(s), if reported

	
	
	2 subband PMI field(s), if reported


 
[bookmark: _Ref79171886]CSI fields of one CSI report for Option2, when subband CQI and PMI are configured
	
	CSI hypothesis
	CSI fields for CSI hypothesis

	CSI report Part1
	CSI for STRP/NC-JT hypothesis
	1 CRI field, if reported

	
	
	1 RI/joint RI field, if reported

	
	
	1 wideband CQI field for the first TB, if reported

	
	
	1 subband CQI field for the first TB, if reported

	CSI report Part2
	CSI for STRP hypothesis
	1 wideband PMI field, if reported

	
	
	1 LI field, if reported

	
	
	1 subband PMI field, if reported

	
	
	1 wideband CQI field for the second TB, if reported

	
	
	1 subband CQI field for the second TB, if reported

	
	CSI for NC-JT hypothesis
	2 wideband PMI field(s), if reported

	
	
	2 LI field(s), if reported

	
	
	2 subband PMI field(s), if reported



Priority and omission rules
For legacy CSI reporting, UE maps all CSI reports to a PUSCH when multiple AP CSI reportings are triggered by DCI or a multi-CSI PUCCH resource when configured according to the CSI priority rule and an omission rule where the priority rule defines the priority of a CSI report and the omission rule defines the dropping order for Part2 of a CSI reports other than wideband CSI of the report. The priority rule is also invoked elsewhere in current specification such as CPU occupation, UE procedure for transmitting multiple PUCCHs in a slot, and so on. In the last e-meeting, two viewpoints were proposed.
Viewpoint1: One CSI reporting setting corresponds to multiple CSI reports where each report corresponds to a hypothesis.
Viewpoint2: One CSI reporting setting corresponds to one CSI report that contains all measurement results of all hypotheses.
We prefer Viewpoint2 with following reasons. First, according to the current definition of the priority, the specification explicitly points out that the priority is not based on hypothesis level but based on report level. Second, one CSI reporting setting containing multiple CSI reports has larger impacts on specification. Some examples are shown in Table 6.
[bookmark: _Ref79164650]Specification related to CSI report
	Specification description
	Impact statement

	[bookmark: OLE_LINK12][bookmark: OLE_LINK15][Clause 9.2.5, TS 38.213[4]] If a UE is configured with multiple PUCCH resources in a slot to transmit CSI reports
-	if the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS 38.214[3]]
-	if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 
-	if the first resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resources in the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting
-	if the UE is provided multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Clause 9.2.5.2.
	In the current specification, before the UE multiplexes all CSI reports in a resource, only one CSI report is carried by a PUCCH resource. If Viewpoint1 is agreed, multiple CSI reports would be carried by a PUCCH resource, which will affect the current understanding. In current understanding, only a multi-CSI PUCCH resource can carry multiple CSI reports. Thus it seems that multi-CSI-PUCCH-ResourceList must be provided for Viewpoint1 or MTRP CSI reporting on PUCCH will not be supported.
Viewpoint2 does not affect the current understanding.

	[bookmark: _Hlk523145131][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK20][bookmark: OLE_LINK21][Clause 5.2.1.4, TS 38.214[3]] A UE configured with DCI format 0_1 or 0_2 does not expect to be triggered with multiple CSI reports with the same CSI-ReportConfigId.
	Viewpoint1 goes against with this description. However, Viewpoint2 does not.

	[Clause 5.2.2.5, TS 38.214[3]] After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.
	According to the description, the UE only reports a CSI report when the condition is satisfied. However, when a measurement hypothesis corresponds to a CSI report, which report will be reported needs to be clarified for Viewpoint1.

	[Clause 5.2.1.6, TS 38.214[3]] For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', or 'cri-RI-LI-PMI-CQI', 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]-	if a CSI report is aperiodically triggered without transmitting a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSI corresponds to a single CSI with wideband frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where codebookType is set to 'typeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', ,
-	otherwise, , where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement.
	The  is dependent on the CMR number in a CMR set. If the Viewpoint1 is employed, it means for a report is related to the a specific hypothesis that is carried on the PUSCH in terms of number of CMRs in a CMR subset that is used for hypothesis measurement. However, Viewpoint2 still bases on the number of CMRs in the CSI-RS resource set to determine the  .

	[Clause 5.2.1.6, TS 38.214[3]] For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
	For the timeline of CPU occupation, in the current specification, the beginning time of CPU occupation is the first symbol of the earliest occasion of all resources. Therefore, the beginning time of CPU occupation is set per legacy CSI report, i.e., per reporting setting. If Viewpoint1 is followed, a reporting setting can have multiple timelines for MTRP CSI acquirement. That is too complex.



Besides, from the perspective of the correctness of the method, we think Viewpoint2 can work and can be easily understood due to one CSI reporting setting corresponds to one CSI report containing one or multiple hypotheses.
[bookmark: _Ref79169996]
[bookmark: _Hlk79170011]A CSI Reporting Setting configured with enhanced MTRP CSI reporting corresponds to a CSI report.
Anyway, we need to define an order of multiple CSI reports containing at least one enhanced MTRP CSI reportmapped to UCI. As we all know, it is related to the priority and omission rule to map multiple CSI reports to UCI. Assuming one CSI reporting setting corresponds to one CSI report for MTRP transmission, i.e., Viewpoint2, the following methods of priority definition can be considered:
[bookmark: _Hlk70517363]Method 0: Legacy priority definition without any updates, i.e., an enhanced MTRP CSI report is treated as a legacy STRP CSI report
Method 1: Add the priority between legacy STRP report and enhanced MTRP report.
Method 2: Based on Method1, add additional priority among enhanced MTRP reports that carry different measurement hypotheses, i.e., Option2 and Option1 with X=0,1,2.
Similarly, for the omission rule of subband CSI for an enhanced MTRP CSI report, there are also two methods:
Method 0: Use legacy omission rule for all CSI reports, i.e., omit in order of odd subband CSI of all hypotheses, even subband CSI of all hypotheses.
Method 1: Based on Method 0, extra omission order of all the hypotheses is added. i.e., omit in order of odd subband CSI of all STRP CSIs, odd subband CSI of NC-JT CSI, even subband CSI of all STRP CSIs, and even subband CSI of NC-JT CSI.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For simplicity and specification impact, we slightly prefer using legacy priority definition and omission rule.
[bookmark: _Ref71654147]
Slightly prefer using legacy priority definition and omission rule.

Enhancement for wideband PMI and CQI
[bookmark: _Ref67922646][bookmark: _Ref67923896][bookmark: _Hlk67937988]Except that the PMI and CQI granularity are subband, wideband granularity is also an indispensable case, especially for reporting on PUCCH. Only one part is reported according to the legacy design when PMI and CQI granularity are wideband. If we make all quantities of all hypotheses in one part, the UCI payload will be very huge degrading the robustness of UCI, and the whole report will even be dropped in certain scenarios. As shown in Figure 7, we compare UCI payload for Option1 and Option2 when PMI and CQI granularity are wideband with the following assumptions:
Assumptions for UCI payload calculation
	Ks = 2, N = 1

	Rank = 4, for STRP hypo.
Rank = (2, 2), for NC-JT hypo.

	Legacy CRI/RI/LI bit-width definition

	16 CSI-RS port

	single-panel codebook:
N1 = N2 = 2 O1 = O2 = 4




[bookmark: _Ref68594413]Comparison of UCI payload for Option1 and Option2
According to the results, we think it is necessary to enhance the CSI report when PMI and CQI granularity are wideband. Some aspects need further study as follows:
Feedback overhead reduction
Report structure, e.g., two-part structure, and omission rule when two-part structure is enabled
Some restrictions for PUCCH resource, e.g., format type
[bookmark: _Ref71654158]
Support enhancing the CSI reporting mechanism when PMI and CQI granularity are wideband.

PMI sharing
As for payload reduction, sharing the PMI between the STRP hypothesis and NC-JT hypothesis is proposed. We also think it is useful. However, the following two aspects need to be considered.
Whether RIs are same between the STRP hypothesis and NC-JT hypothesis.
Whether the PMI sharing is indicated by UE or configured by network.
For the two aspects mentioned above, we conduct evaluations to obtain some observations. We set three schemes in our evaluation:
· Scheme1 (Baseline): UE reports 2 STRP CSI reports to the network. The networkschedules DPS transmission according to the two STRP CSI reports.
· Scheme2 (UE indicated shared PMI): the UE reports 2 CSIs associated with STRP measurement hypotheses and 1 CSI associated with NC-JT measurement hypothesis. The STRP CSI and NC-JT CSI calculate PMI separately. If the PMI is same between the STRP CSI and NC-JT CSI according to the calculation result, PMI sharing is enabled.
· Scheme3 (network configured shared PMI): the UE reports 2 CSIs associated with STRP measurement hypotheses and 1 CSI associated with NC-JT measurement hypothesis. The PMIs of NC-JT CSI are always the same as the PMIs of STRP CSI.
Besides, the MTRP transmission scenario is ideal backhaul and the Type-I codebook is used, and up to rank 2 per TRP for all schemes is assumed. Other simulation parameters can be found in Appendix D. We set the same packet arrival rate (λ) for three schemes. Table 8 shows the UPT gain of Scheme2 and Scheme3 compared to the baseline. In addition, as shown in Figure 8, we also depict the CDF of all UEs’ ratio of identical PMI between STRP CSIs and NC-JT CSI with subband granularity.
[bookmark: _Hlk77337919]The UPT gain of the Scheme2 and Scheme3 compared to the baseline for Indoor Hotspot
	
	FR1, RU for Scheme1
	Mean UPT
	5% UPT
	50% UPT

	Scheme1
	13%/32%
	0.00%
	0.00%
	0.00%

	Scheme2
	13%
	29.34%
	6.50%
	9.09%

	Scheme3
	
	29.00%
	6.13%
	9.09%

	Scheme2
	32%
	21.65%
	8.86%
	13.13%

	Scheme3
	
	17.90%
	6.33%
	8.48%

	Scheme2
	59%
	10.29%
	1.46%
	8.63%

	Scheme3
	
	7.50%
	-0.13%
	5.41%



[image: ]
[bookmark: _Ref77786737]The CDF of ratio of  identical PMI between STRP CSIs and NC-JT CSI with subband granularity for Indoor Hotspot of all UEs
From the simulation results, we can observe that
The PMIs of NC-JT CSI is always the same as the PMIs of STRP CSI will result in performance loss. With increasing RU, the loss becomes larger.
When STRP CSI and NC-JT CSI calculate separately, nearly half of the UEs have an identical PMI ratio less than 60%. And, with increasing RU, the ratio of identical PMI further goes down because severe interference will affect the PMI selection for STRP and NC-JT hypotheses.
Besides, we can also judge that the ratio of identical PMI will decrease with increasing number of antenna ports. Therefore, a static scheme, i.e., Scheme 3, is not a good solution and results in some performance loss.
[bookmark: _Ref79170068]
Support the PMI sharing, considering both UE dynamic indication and network configuration.
For UE dynamic indication, since the PMI is located in Part2, we can add an indicator within Part1 that indicates the information of PMI sharing to implement the dynamic PMI sharing. The gNB can know the size of Part2 according to the indicator and other fields in Part1 and decode Part2 correctly.
[bookmark: _Ref79170091]
Support adding an indicator in Part1 that indicates the information of PMI sharing to implement the dynamic PMI sharing.
Besides the enhancements above, some issues need further discussion.
Different report configurations across TRPs, e.g., different RI restrictions, codebook subset restriction, etc.
The number of total layers for NC-JT hypothesis.
[bookmark: _Hlk68601413]In our opinion, different report configurations across TRPs should be considered at least for cases e.g. like TRPs in heterogeneous deployment. Besides, according to the agreement in RAN1#98 there was no consensus to have additional specification support for two CWs for MTRP operation, we propose that the total layer number of NC-JT reception is no more than 4 for NC-JT CSI hypothesis reporting.
[bookmark: _Ref71654174]
Consider different configurations of RI restrictions, codebook subset restriction across TRPs.
[bookmark: _Ref71654190]
A total number of layers of NC-JT reception is no more than 4 for NC-JT CSI reporting.
Cat2 for non-ideal backhaul
For M-DCI based MTRP transmission in non-ideal backhaul scenario, it is difficult to coordinate transmission among TRPs due to the large latency in backhaul. From the simulation results shown in Appendix B, M-DCI based NC-JT transmission with two associated CSI reporting settings can bring obvious performance gains. Therefore, MTRP CSI enhancement for non-ideal backhaul scenarios is necessary.
The following tables show the UPT gain of three schemes compared to the baseline of M-DCI based NC-JT transmission without CSI exchange between TRPs.
· Scheme1 (Baseline): UE is configured to report one CSI associated with the best one among NC-JT and STRP measurement hypotheses. The CSI is not exchanged between TRPs, i.e. Cat2.
· Scheme2: UE is configured to report one CSI associated with the best one among NC-JT and STRP measurement hypotheses. The CSI is exchanged between TRPs with 5ms backhaul delay, i.e. Cat1 with 5ms backhaul delay.
· [bookmark: _Hlk55231631]Scheme3: UE is configured to report one CSI associated with the best one among NC-JT and STRP measurement hypotheses. The CSI is exchanged between TRPs with 50ms backhaul delay, i.e. Cat1 with 50ms backhaul delay.
For the MTRP transmission in non-ideal backhaul scenario, as described in Appendix A, each TRP is independently scheduling. Other simulation parameters can be found in Appendix D. We provide UPT comparison for FTP model 1 with RU for a baseline set to 18% and 42% for FR1 Indoor Hotspot and 15% and 27% for Dense Urban. UE only reports the best CSI. We set the same packet arrival rate (λ) for Scheme2 and Scheme3 as for Scheme1. Considerable UPT gain can be observed at 5% and 50% UPT, and mean UPT as well.
From the above tables, we observe that
Scheme1 has obvious performance gain compared to Scheme2 and Scheme3.
With RU increasing, the performance gain between Scheme1 and Scheme2/Scheme3 will increase.
Therefore, associating two reporting settings CSI-ReportConfigs which are corresponding to two TRPs can compensate the performance loss due to the delay caused by non-ideal backhaul between TRPs.

Associating two reporting settings CSI-ReportConfigs which are corresponding to two TRPs/TCI states can compensate the performance loss due to the delay caused by non-ideal backhaul between TRPs.

Indoor Hotspot with non-ideal backhaul
	
	FR1, RU for STRP
	Mean UPT
	5% UPT
	50% UPT

	Scheme1
	18%/42%
	0.00%
	0.00%
	0.00%

	Scheme2
	18%
	-4.69%
	-6.96%
	-7.57%

	Scheme3
	
	-21.51%
	-37.50%
	-29.88%

	Scheme2
	42%
	-12.43%
	-15.92%
	-13.79%

	Scheme3
	
	-35.44%
	-45.29%
	-38.42%



Dense Urban with non-ideal backhaul 
	
	FR1, RU for STRP
	Mean UPT
	5% UPT
	50% UPT

	Scheme1
	15%/27%
	0.00%
	0.00%
	0.00%

	Scheme2
	15%
	-2.53%
	-5.85%
	-4.08%

	Scheme3
	
	-10.38%
	-33.49%
	-14.92%

	Scheme2
	27%
	-3.67%
	-8.60%
	-4.29%

	Scheme3
	
	-16.35%
	-36.95%
	-21.18%



For M-DCI based MTRP transmission, two CQIs are needed. Each CQI requires a different CPU to compute. Compared with reusing Cat1 for M-DCI, Cat2 can reuse the rule of CSI processing criteria without any further agreement, i.e., for CSI measurement associated with two reporting settings CSI-ReportConfigs for NC-JT, an NC-JT CSI hypothesis corresponding to a CSI-ReportConfig are assumed to occupy two CPUs and two active NZP CSI-RS resources. Occupation rule for CPU and active resources are defined per reporting setting.
[bookmark: _Ref71654013]
For CPU occupation and active CSI-RS counting, Cat2 can reuse the rule defined for Cat1 without any further specification effort.
Another way for CSI report in non-ideal backhaul is to send the same CSI report obtained by Cat1 CSI-ReportConfig twice. This method will cause useless CSI report and increase feedback overhead significantly. Cat2 reporting scheme can divide the CSI quantities into two parts where each part corresponds to a PUCCH resource and a TRP to save the feedback overhead.
In conclusion, considering the performance, additional effort to define CPU occupation rules, and feedback overhead, we support to confirm the working assumption.
[bookmark: _Ref71654202]
Support to confirm the work assumption in RAN1#103-e, i.e., Option1.
Considering the RAN1’s workload, we support to add some restrictions in RAN1#103-e to simplify the impact of Cat2. And, in our view, the design of Cat2 shall strive to find a commonality with the design of Cat1.
We discuss some details on CSI measurement and CSI reporting in the following subclauses.
CSI measurement
For the CMR configuration for NC-JT, as shown in Figure 9, two CSI reporting settings with same field configuration except for the PUCCH resource are configured. With this configuration, as shown in Figure 13, almost all of the conclusions made for CSI measurement of Cat1 can be reused in Cat2 design, e.g., Nmax, Ks_max, CMR configuration, IMR configuration, signaling mechanism, CMR sharing, IMR sharing, etc. 
[bookmark: _Ref71654212][bookmark: _GoBack]
Support to associate two CSI reporting settings with CMRs configuration same as Cat1 for Cat2 configuration.


[bookmark: _Ref71280977]CSI reporting settings for Cat2
Reporting mechanism
For CRI reporting and CRI bit width definition, Cat2 also can reuse the design of Cat1. The main difference between Cat1 and Cat2 for M-DCI is the UCI components reported to two TRPs of a CSI report.
[bookmark: _Ref71654021]
For CRI and CRI bit width definition, Cat2 also can reuse the design of Cat1 with CSI reportings configured with CMRs same as for Cat1.
When dividing the CSI quantities, e.g., 2PMI, 2CQI, 2RI, into two parts, how to associate the CSI quantities in each part with the CSI reporting setting needs to be considered. In our opinion, dividing the CSI quantities corresponding to a NC-JT hypothesis is implemented by associating the CMR group with the PUCCH resource. For example, two CMR groups are configured in each CSI reporting setting as shown in Figure 10. CMR group0 is associated with PUCCH resource0 and CMR group1 is associated with PUCCH resource1. For NC-JT hypothesis reporting, same CRI indicating a NC-JT hypothesis is reported in each report. The PMI, CQI, and RI corresponding to the CMR in CMR Group0 and CMR Group1 are reported on PUCCH resource0 and PUCCH resource1, respectively.


[bookmark: _Ref71536485] Association mechanism between the CMR group and PUCCH resource

[bookmark: _Ref71654222]
Support to specify rules on how to divide and map the generated UCI into two associated reports in Cat2.
CSI enhancement for Partial Reciprocity
Remaining issues of W2
	Agreement
For the quantization of W2 coefficient, reusing following Rel-16 quantization mechanism for Rank1 at least:
· 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
· The alphabet is{1, 1/2)^(1/4), (1/4)^(1/4), (1/8)^(1/4), …, (1/2^14)^(1/4), [Reserved]} (-1.5dB step size)
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· The alphabet is {1, 1/sqrt(2), 1/2, 1/(2*sqrt(2)), 1/4, 1/(4*sqrt(2)), 1/8, 1/(8*sqrt(2))} (-3dB step size)
· phase is quantized to 16PSK
· [bookmark: _Hlk79188303] For the reserved state for reference amplitude, down-select one Alt 
· Alt 1: it is kept to be reserved
· Alt 2: it is replaced as (1/2)^(15/4)
· Alt 3: it is replaced as (1/2)^(3/8)
Note: whether/how SCI is supported for R17 codebook will be discussed separately
For future RAN1 meeting:
Study whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting
· FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks
· FFS: additional impact for reporting mechanism when/how the bitmap is absent
· Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is unchanged in Rel-17
based on trade-off among UPT performance, feedback overhead and complexity



In last meeting, the quantization of W2 coefficient is confirmed to reuse the Rel-16 structure. A remaining study is about the reserved unit of polarization quantization alphabet. We evaluate the three alternatives discussed in laste meeting with 32 CSI-RS ports. For alt 1, the reserved place is kept reserved and for alt 2, 3 the reserved place is replaced as (1/2)^(15/4) and  (1/2)^(3/8) respectively. The window length is fixed as 4 and only rank 1 is considered. According to the simulation results in Figure 11, the performances of the three alternatives are almost the same, so we prefer to support Alt 1 which is the same as Rel-16.

[bookmark: _Ref79171765]The gain of average throughput for the three alternatives of quantization method
[bookmark: _Ref71654228]
Support Alt1: the reserved state for reference amplitude is kept to be reserved for the quantization of W2 coefficients.
As for the bitmap for indicating non-zero coefficients for W2, we think it may be not absent even if Mv = 1 or beta = 1. Now that a UE can skip some useless coefficients to report to reduce the CSI feedback similar to Rel-16, there is no need to omit the bitmap. Therefore, we think the bitmap may not be absent.
[bookmark: _Ref79174057]
Keep the bitmap for indicating non-zero coefficients for W2 for CSI reporting.
Remaining issues of Wf
	Working Assumption
At least for rank 1, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1 
· FFS: Further dependence/restriction, e.g. conditioned on N3 or the number of CSI-RS ports, can be applied to above design. If does, how to support a non-consecutive FD bases used for Wf quantization 
· FFS: Whether to introduce thresholds for N3 and/or P

Agreement
For Wf in CN3*Mv, Mv=2 is supported for R17 PS codebook 
· FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be applied to Mv=2
FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

Agreement
At least for rank 1 and 2 and Mv > 1, for relationship between N and Mv, study and down-select one alternative from following in RAN1#106-e
· Alt 1: N= Mv always, no UE reporting of Wf
· Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
· Alt 2-2: N >= Mv, Wf is layer-specific and reported by UE for N>Mv.
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.

Agreement
For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e:
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
· Alt 3: Keep both Wf OFF and Wf ON with Mv=1.
· If PMI format is SB, Wf  is an all-one vector of length N3 
· Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e 
· If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
· Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e
· Note: N3 = NCQISubband*R. 
FFS: the case when no SB size is configured.



For the working assumption, we think the FD bases in the window can be non-consecutive to obtain more gains for the cases of limited number of CSI-RS ports, like 4. 
When the number of CSI-RS ports is large, sufficient SD-FD pairs can be precoded on CSI-RS ports and Wf can be turned off. In this subclause, we focus on the case of limited number of CSI-RS ports, where Wf has to be turned on and delay window is necessary to provide more SD-FD pairs with smaller number of CSI-RS ports. We assume the number of CSI-RS ports is 4 and K1 = 4, which means all the CSI-RS ports are selected in W1. Only rank 1 is considered in all simulations.
Firstly, we evaluate two cases of consecutive delay window/set and non-consecutive delay window/set with Mv = 2 as default to verify the performance difference between consecutive delay window/set and the non-consecutive one.
Case 1: Consecutive delay window/set and 4 SD-FD pairs with free-selected taps precoded on 4 CSI-RS ports.
Case 2: Non-consecutive delay window/set and 4 SD-FD pairs with tap 0 precoded on 4 CSI-RS ports.
The simulation results of N = 2 are shown in Figure 12. According to the simulation results, there is at most 3% gain for N=4 and at most 1.8% for N=2.

[bookmark: _Ref79174231]The performance of consecutive and non-consecutive delay window/set for N = 2 and 4
Note that no matter the delay window/set is consecutive or non-consecutive, the CSI feedback overhead is the same because the window length is the same. The average throughput of non-consecutive delay window/set is better than the consecutive one. A non-consecutive window can be equivalent to a larger consecutive window because gNB excludes some invalid delays. In our opinion, consecutive window/set is suitable to the concentrate delay distribution, while non-consecutive window/set is suitable to discrete delay distribution to better chase the delay distribution. Thus, whether the window/set is consecutive or non-consecutive can be configured or indicated by gNB.
As for the method to configure a non-consecutive window/set, we think a consecutive window can be divided into two parts. The first part is starting from the fixed tap 0 and the second part is starting from a configured value with the same length for the two parts. The length of the two parts is half the overall window length. gNB can also configure all the tap location with RRC signaling.
[bookmark: _Ref79174064]
At least for rank1, the window/set can be configured as consecutive or non-consecutive.
The non-consecutive window can be configured with an extra starting point. The length of both separate parts is half the overall window length.
As for the value of M and N, We think M = 2 can be supported for all the numbers of CSI-RS ports. M = 4 can be supported for the number of CSI-RS ports less than 8. We evaluate the throughputs of different M as 2, 3, 4 with the same N = 4 when the number of CSI-RS ports is 4. The simulation results are shown in Figure 13.

[bookmark: _Ref79174246]The performance of different M with the same N = 4 (non-consecutive window/set)
According to the simulation results, there are almost 2.5% gain between M = 4 and M = 2. When the number of CSI-RS ports is less, the average throughput  is low and the upper bound of the throughput is also limited. It can not be improved with a small window size M. With larger M, the upper limit of throughput can be increased and larger throughput can be obtained. Therefore, we think M = 4 should be supported for the number of CSI-RS ports less than 8.
As for the relationship between M and N, whether Mv < N is equivalent to whether UE selection is utilized. With UE selection, only a little of extra CSI feedback overhead is needed while the performance is better due to the accurate delay location. According to the simulation results in Figure 14 and Figure 15, with the same Mv, larger N can provide performance improvement with slightly increased CSI feedback overhead to indicate selected Mv combinations when the number of CSI-RS ports is small, e.g., 4. UE selection is the prerequisite of larger N with the same Mv. Meanwhile, for the same N, UE selection implies saved CSI feedback overhead.
[bookmark: _Ref79173956]
There is evident gain of N>=M in the case that the number of CSI-RS ports is 4.
When Mv = 2, The gain between N = 4 and N = 2 is larger than the gain between N = 6 and N = 4.

[bookmark: _Ref79174284][bookmark: _Ref71646879]The performance of different beta values and N for 32 CSI-RS ports when Mv=2

[bookmark: _Ref71646833] The performance of different beta values and N for CSI-RS ports=4 when Mv=2
Therefore, we think N can be larger than M and Wf can be layer common to simplify the CSI report.
[bookmark: _Ref71654232]
Support Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
For the discussion about “Wf turn off” and “Mv = 1”, we think the results and the implementation of the three alternatives are the same while only the descriptions are different. Firstly, “Wf turn off” and “Mv = 1” are the same because when Mv = 1, no matter Wf turns on or turns off, the only strongest tap will be searched by UE.
In our opinion, the codebook structure should be similar to Rel-16 without any new definitions, i.e., the dimensions of the matrices W1: P * K1, W2: K1 * Mv, WfH: Mv * N3. And when Mv = 1, the Wf is 1 * N3, which is in the same form as Rel-16 and Mv > 1. The difference between Rel-17 and Rel-16 is that in Rel-17 the CSI-RS precoders in each subband are different but it does not influence the codebook structure. So we think Alt1 is better than Alt2. As for Alt3, in stated in [3], “a UE is not expected to be configured with pmi-FormatIndicator if codebookType is set to 'typeII-r16' or 'typeII-PortSelection-r16'.” where pmi-FormatIndicator is used to configure wideband PMI or subband PMI, thus we think there is no need to additionally indicate subband or wideband for Rel-17 codebook either. In the case of FD domain precoded in CSI-RS, the difference among all the subbands is implied by CSI-RS precoder so that configuring subband or wideband condition is non-sense. In other words, wideband means the same for all subbands.
Therefore, we support Alt 1 and we think only by setting Mv to ‘1’ is enough to imply Wf being turned off and there is no need to configure subband or wideband for PMI in Rel-17 codebook.
[bookmark: _Ref79174158]
Support Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3.
There is no need to configure subband or wideband for PMI in Rel-17 codebook.
Parameter combination
	Agreement
Further reduction for possible parameter combinations among codebook parameters of Rel-17 port selection codebook, e.g. {K1, Mv, Beta}, will be discussed jointly once candidate values are determined
· based on trade-off among UPT performance, feedback overhead, and complexity
· based on all supported ranks
· Limit total number of parameter combinations comparable to Rel-16 eType II
· Exact parameters (e.g. with 2 or 3 parameters) within each combination are FFS
· Other parameterizations of codebook parameter (e.g. alpha with K1= Alpha*# of CSI-RS ports and Alpha <=1) are not excluded

Agreement
At least for rank 1 and 2, for the compression coefficient Beta for non-zero coefficients of W2, values of Beta are {[1/4], 1/2, 3/4, 1} 
· Note: [1/4] means that 1/4 is also a candidate value for the discussion on reduction of parameter combinations, but has a lower priority compared to other beta values



For the parameter combinations, we think at least 8 combinations which are the same as Rel-16 need to be support. We evaluate 56 different cases with K1 = [2, 4, 8, 12, 16, 24, 32], M = [1, 2], beta = [1/4, 1/2, 3/4, 1] when the number of CSI-RS ports is 32 and window length is 4. Only rank 1 is evaluated. The simulation results are shown in Figure 16.

[bookmark: _Ref79174338] The average throughput of different parameter combinations
[bookmark: _Hlk79215489]According to the simulation results, we divide the average throughput into 12 portions and exclude the least four portions. In the remaining 8 portions, we choose the point with the least CSI feedback as the optimal choice of the portion. The 8 selected combinations of (K1,Mv,Beta) are (4,2,0.5), (8,2,0.25), (8,1,1), (12,1,0.5), (8,2,0.5), (12,1,0.75), (12,2,0.5), (16,1,0.75). For all the combinations, 4 <= K1 <= 16, so we think K1 can be limited to no more than half of the number of CSI-RS ports.
[bookmark: _Ref79173973]
We find 8 parameter combinations of (K1,Mv, Beta) with less CSI overhead and high throughput: (4,2,0.5), (8,2,0.25), (8,1,1), (12,1,0.5), (8,2,0.5), (12,1,0.75), (12,2,0.5), (16,2,0.75).
[bookmark: _Ref79174167]
At least 8 parameter combinations of (K1,Mv, Beta) can be supported as (4,2,0.5), (8,2,0.25), (8,1,1), (12,1,0.5), (8,2,0.5), (12,1,0.75), (12,2,0.5), (16,2,0.75).
K1 can be limited to no more than half of the number of CSI-RS ports.
Timing calibration and complexity
As we discussed in [2], there are some timing issues for UE for FDD CSI enhancement in Rel-17. There may be a timing offset between uplink channel and downlink channel even if the delay is reciprocal. Following reasons could cause timing offset:
Usually, when the UE processes timing calibration to synchronize with gNB, UE only adjusts to the reception timing to make the delay interval less than CP length. But the delay location in the uplink channel observed by gNB and the downlink channel observed by UE may be different. For FDD CSI enhancement, gNB and UE need to be aligned on the exact delay tap UE needs to estimate and feedback the amplitudes and phases, e.g. on Tap 0;
To ensure all paths can be received successfully, the UE may start receiving a few samples before the regular start point of an OFDM symbol. The UE reception timing is unknown to the gNB, thus UE would need to estimate which tap is the intended Tap 0 from gNB, e.g. tap 0 based on the tap with the strongest power.
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Illustration of timing mismatch
This timing mismatch does not influence Rel-15/16 Type II (PS) codebook performance. On the one hand, the timing offset is the same for all paths, thus such delay only adds a subband specific phase offset and does not change the PMI feedback and also does not influence the frequency selectivity. On the other hand, both CSI measurement and PDSCH reception are based on the same timing offset making little difference in the sense of downlink channel timing between them. Therefore, the Rel-15/16 codebook is not sensitive to timing mismatch.
However, for Rel-17 Type II PS codebook, the influence of timing mismatch is severe. Different delay locations of each path in uplink channel and downlink channel will lead to mismatch between the FD information gNB uses to precode CSI-RS ports and the real downlink channel, which violates the assumption of delay reciprocity. As shown in Figure 18, the timing mismatch between gNB and UE is 1 which means the delay tap 0 for gNB being delay tap -1 for UE. For each CSI-RS port, gNB shifts each SD-FD basis or SD basis to delay tap 0 respectively but UE detects nothing on tap 0. While for CSI-RS port 1, there are two paths besides delay tap 0, so UE cannot search for the strongest path to find the correct delay location of the CSI-RS port.


[bookmark: _Ref71657503] The influence of timing mismatch
Therefore, the timing mismatch can cause the wrong coefficients to report, even zero. The simulation results is shown Figure 19. SD and FD precoding applied on CSI-RS ports which is derived with SVD method and the total number of SD-FD pairs are 32. According to the simulation results, the influence of timing mismatch is severe, which can destroy the delay reciprocity which causes significant loss in performance.

[bookmark: _Ref71657527] The performance loss under timing mismatch
To solve this problem, UE can process timing calibration to counteract the timing mismatch. Usually, UE may process timing calibration on all CSI-RS ports, which means, on each CSI-RS port, an FFT should be calculated, which surely causes a lot of UE complexity. The reason why more than one CSI-RS ports are needed for timing calibration lies in two aspects: 1) tap 0 must be searched from multiple CSI-RS ports as the strongest delay locations per CSI-RS port  are different caused delay shifting by precoding on CSI-RS ports; 2) different variations of tap 0 per CSI-RS port due to uplink and downlink channel partial reciprocity need to be averaged out from multiple CSI-RS ports.
In fact, UE only needs to process timing calibration on very few CSI-RS ports because the timing mismatch is the same on each CSI-RS port and only a few strongest CSI-RS ports are sufficient to locate the delay tap 0 or some specific tap. The simulation results about different numbers of CSI-RS ports used to process timing calibration compared to all CSI-RS ports are shown in Figure 24. The number of CSI-RS ports is 32 and the length of tap indication set is one. In the simulation, gNB maps the SD-FD pairs from the strongest to the weakest to CSI-RS ports in order. L CSI-RS ports conveying strongest SD-FD pairs are used for timing calibration.

[bookmark: _Ref71649545]The performance loss with different detecting ports number
According to the simulation results, the performance loss with more than 4 or 6 strongest CSI-RS ports is similar to all 32 ports. In most cases, 4 CSI-RS ports are enough to counteract the influence of timing interference. That is, with fewer CSI-RS ports to calibrate the timing mismatch, the performance improvement is close to using all ports.
[bookmark: _Ref71654035]
With 4 or 6 strongest CSI-RS ports (observed and mapped at gNB side) for timing calibration between gNB and UE, the system performance is similar to that of using 32 ports for timing calibration.
[bookmark: _Ref71654250]
UE can use partial CSI-RS ports to search target tap 0 to reduce the complexity.
· gNB can map SD-FD bases to CSI-RS ports with a predetermined order or indicating the ports for timing calibration.

Conclusions
To summarize, we have following observations and proposals.
Observation 1:
Associating two reporting settings CSI-ReportConfigs which are corresponding to two TRPs/TCI states can compensate the performance loss due to the delay caused by non-ideal backhaul between TRPs.
Observation 2:
For CPU occupation and active CSI-RS counting, Cat2 can reuse the rule defined for Cat1 without any further specification effort.
Observation 3:
For CRI and CRI bit width definition, Cat2 also can reuse the design of Cat1 with CSI reportings configured with CMRs same as for Cat1.
Observation 4:
There is evident gain of N>=M in the case that the number of CSI-RS ports is 4.
When Mv = 2, The gain between N = 4 and N = 2 is larger than the gain between N = 6 and N = 4.
Observation 5:
We find 8 parameter combinations of (K1,Mv, Beta) with less CSI overhead and high throughput: (4,2,0.5), (8,2,0.25), (8,1,1), (12,1,0.5), (8,2,0.5), (12,1,0.75), (12,2,0.5), (16,2,0.75).
Observation 6:
With 4 or 6 strongest CSI-RS ports (observed and mapped at gNB side) for timing calibration between gNB and UE, the system performance is similar to that of using 32 ports for timing calibration.
Proposal 1:
Support the default maximum number of CMR is 4 for MTRP CSI measurement.
Proposal 2:
Support Alt.4 for measurement and framework.
N CMR pairs are formed by one-to-one mapping of the first N CMRs between two CMR groups.
The CMRs other than the CMRs in the CMR pair(s) in each CMR group are used for STRP hypothesis measurement.
The value of M is not come from additional RRC signaling and N but from CMR configuration and N.
Proposal 3:
Support dynamic updating TCI states of CMRs by MAC-CE for periodic CSI-RS and aperiodic CSI-RS.
Proposal 4:
For CRI reporting in Option1, support separate CRI reporting for STRP hypotheses and NC-JT hypotheses.
Proposal 5:
For CRI reporting in Option2, the first N codepoints are corresponding to N CMR pairs for NC-JT hypotheses and the remaining codepoints are corresponding to the remaining CMRs for STRP hypotheses.
Proposal 6:
A CSI Reporting Setting configured with enhanced MTRP CSI reporting corresponds to a CSI report.
Proposal 7:
Slightly prefer using legacy priority definition and omission rule.
Proposal 8:
Support enhancing the CSI reporting mechanism when PMI and CQI granularity are wideband.
Proposal 9:
Support the PMI sharing, considering both UE dynamic indication and RRC static configuration of sharing.
Proposal 10:
Support adding an indicator within Part1 that indicates the information of PMI sharing to implement the dynamic PMI sharing.
Proposal 11:
Consider different configurations of RI restrictions, codebook subset restriction across TRPs.
Proposal 12:
A total number of layers of NC-JT reception is no more than 4 for NC-JT CSI reporting.
Proposal 13:
Support to confirm the work assumption in RAN1#103-e, i.e., Option1.
Proposal 14:
Support to associate two CSI reporting settings with CMRs configuration same as Cat1 for Cat2 configuration.
Proposal 15:
Support to specify rules on how to divide and map the generated UCI into two associated reports in Cat2.
Proposal 16:
Support Alt1: the reserved state for reference amplitude is kept to be reserved for the quantization of W2 coefficients.
Proposal 17:
Keep the bitmap for indicating non-zero coefficients for W2 for CSI reporting.
Proposal 18:
At least for rank1, the window/set can be configured as consecutive or non-consecutive.
The non-consecutive window can be configured with an extra starting point. The length of both separate parts is half the overall window length.
Proposal 19:
Support Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
Proposal 20:
Support Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3.
There is no need to configure subband or wideband for PMI in Rel-17 codebook.
Proposal 21:
At least 8 parameter combinations of (K1,Mv, Beta) can be supported as (4,2,0.5), (8,2,0.25), (8,1,1), (12,1,0.5), (8,2,0.5), (12,1,0.75), (12,2,0.5), (16,2,0.75).
K1 can be limited to no more than half of the number of CSI-RS ports.
Proposal 22:
UE can use partial CSI-RS ports to search target tap 0 to reduce the complexity.
gNB can map SD-FD bases to CSI-RS ports with a predetermined order or indicating the ports for timing calibration.
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Appendix A: SLS simulation setup and assumptions
We conduct a performance evaluation for eMBB in FR1 4GHz carrier frequency with 10MHz BW and 15kHz SCS. MTRP transmission with non-ideal backhaul and ideal backhaul assumptions are evaluated such that independent scheduling is assumed in each TRP per cluster for non-ideal backhaul and joint scheduling is assumed per cluster for ideal backhaul. STRP (STRP) scheme is assumed as baseline. SU-MIMO is assumed for STRP, DPS, and DPS+NC-JT cases. Detailed simulation assumptions can be found in Appendix D.
Scenario
In the Indoor Hotspot scenario, a TRP cluster comprises four neighboring TRPs as shown in Figure 21. Whereas in the Dense Urban scenario, a TRP cluster comprises three neighboring TRPs of a site. A UE measures the RSRP of all TRPs in the cluster, associates with a serving TRP in the cluster, and selects at most one candidate coordinating TRP in the same cluster, with the RSRP gap lower than a predefined threshold compared to the serving TRP.
[image: ]
[bookmark: _Ref68595684]TRP clustering for Indoor Hotspot
CSI calculation method
For DPS/STRP CSI, PMI and CQI are calculated as in Rel-16, where PMI is obtained by measurement over CSI-RS resource for channel measurement (CMR) of either TRP and CQI is derived from the CMR and CSI-RS resource for interference measurement (IMR).
For NC-JT CSI, PMIs are obtained by measuring CMRs of each TRP. The joint equivalent MIMO channel assuming NC-JT is given by , where ,  are estimated channels by the CMRs from the two TRPs, and ,  are the precoders corresponding to the PMIs of the two TRPs. Then the CQI can be derived from per layer post-SINRs which are calculated assuming MIMO detection of the equivalent channel  and interference measured by the IMR from outside other than the two TRPs.
CSI feedback schemes
STRP transmission
UE reports the CSI to its recommended transmitting TRP.
DPS transmission
For non-ideal backhaul, the UE compares the estimated throughput for two possible DPS transmitting TRPs within the cluster and reports the CSI with maximal estimated throughput to its recommended transmitting TRP.
For ideal backhaul, UE reports the corresponding DPS CSI to each possible DPS transmitting TRPs within the cluster.
NC-JT+DPS transmission
For non-ideal backhaul, the feedback method is consistent with DPS. The difference is that UE needs to compare two possible DPS CSIs with one possible NC-JT CSI and select the best CSI for feedback. If UE reports NC-JT CSI, rank 1 or 2 is chosen per TRP to maximize the NC-JT estimated overall throughput.
For ideal backhaul, UE reports the DPS CSI and NC-JT CSI to each possible DPS transmission and NC-JT TRP within the cluster.
Scheduling mechanisms
STRP transmission
UE selects a serving TRP based on RSRP, and the serving TRP schedules the UE connected to the TRP according to the proportional fair algorithm.
DPS transmission
For non-ideal backhaul, the scheduler per TRP in the cluster schedules one UE which has reported its DPS CSI to the TRP according to the proportional fair algorithm. With one optimal DPS CSI to report, non-overlapping PDSCH reception from different TRPs in the time domain is achieved.
For ideal backhaul, the scheduler per cluster schedules one UE which has reported all DPS CSIs to the TRPs within the cluster according to the proportional fair algorithm. With a coordinated scheduler, non-overlapping PDSCH reception from different TRPs in the time domain is achieved.
DPS+NC-JT transmission
In the non-ideal backhaul scenario, each TRP in the cluster schedules one UE which has reported its CSI, either DPS CSI or NC-JT CSI, independently according to the proportional fair algorithm. With a non-ideal backhaul assumption, the scheduler of a TRP is not aware of the scheduling results of another TRP at the same time, which may result in full or partially-overlapped PDSCHs reception at the UE. One codeword per TRP is transmitted to the UE when the scheduler is NC-JT.
As a result, if two TRPs happen to schedule the same UE in one subband simultaneously, the transmission layers from two TRPs to the UE can be one out of (1, 1), (1, 2), (2, 1), and (2, 2) with total transmission layers being 2, 3, or 4 since 4 Rx antenna ports are assumed at the UE.
For ideal backhaul, the scheduler per cluster schedules one UE which has reported its all CSIs to the cluster according to the proportional fair algorithm. A UE will receive a PDSCH with its layers from different TRPs in the case of NC-JT scheduling.
Receiver
In the case of STRP/DPS transmission, the estimated equivalent channel measured on DMRS at the receiver can be given by

where  is a channel from the target TRP, and  is the precoder of the target TRP. Then the per layer post-SINR can be calculated assuming MIMO detection of the equivalent channel .
[bookmark: _Hlk47759121]In the case of NC-JT from two TRPs, the estimated joint equivalent channel measured on DMRS at the receiver can be given by

Where  , , and ,  are channels from the two TRPs, ,  are the precoders of the two TRPs. Then the per layer post-SINR can be calculated assuming MIMO detection of the joint equivalent channel .
It is worth noting that the above simulation assumptions are irrelevant to the frequency range. The main difference between FR2 and FR1 is beam based scheduling. For the MTRP CSI simulation for FR2, additional simulation assumptions are taken into account:
Each panel of the MPUE independently accesses the optimal TRP with the RSRP gap between multiple panels lower than a predefined threshold.
UE reports the corresponding CSIs based on the optimal beam.
The scheduler schedules the UEs under one optimal beam based on the proportional fairness algorithm.
The potential problem with the above assumption for FR2 is that the number of UEs who can be served with MTRP transmission is reduced and the resource utilization decreases compared to FR1.
Figure 22 shows the comparison of UE accessing multiple TRPs in FR1 and FR2. In Indoor Hotspot scenario, the total number of dropped UEs is 5000, and the RSRP threshold for determining MTRP transmission is 6dB. Other simulation assumptions can be found in Appendix C.

[bookmark: _Ref68595719]Comparison of UE accessing multiple TRPs in FR1 and FR2
In Indoor Hotspot scenario, the same RSRP threshold for determining MTRP transmission may cause large differences in the number of MTRP transmission UEs between FR1 and FR2.
Appendix B: SLS performance evaluation results
B.1 Cat1 and Cat2 for non-ideal backhaul
For M-DCI based MTRP transmission in non-ideal backhaul scenario, it is difficult to coordinate transmission among TRPs due to the large latency in backhaul. It is reasonable for different TRPs to independently schedule and determine transmission resources. From the simulation results shown below, M-DCI based NC-JT transmission with NC-JT CSI enhancement can bring obvious performance gains. Therefore, MTRP CSI enhancement for non-ideal backhaul scenarios is necessary.
The following tables show the UPT gain of three schemes compared to the baseline of STRP transmission.
· Scheme1 (DPS): UE selects the DPS CSI and reports it to the selected TRP.
· Scheme2 (two STRP CSIs report to both TRPs): UE reports two STRP CSI reports to both TRPs. When NC-JT is scheduled (full or partial overlap), the two STRP CSI reports are used.
· Scheme3 (DPS+ NC-JT): UE selects the NC-JT CSI report and reports it to both TRPs, or UE selects the DPS CSI report and reports it to the selected TRP.
For the MTRP transmission in non-ideal backhaul scenario, as described in Appendix A, each TRP is independently scheduling without CSI exchange between TRPs. Other simulation parameters can be found in Appendix D. We provide UPT comparison for FTP model 1 with RU for baseline STRP set to 16% and 38% for FR1 Indoor Hotspot and 14% and 25% for Dense Urban. UE only report the best CSI. We set the same packet arrival rate (λ) for DPS and DPS+NC-JT as for STRP. Considerable UPT gain can be observed at 5% and 50% UPT, and mean UPT as well.
DPS and DPS+NC-JT vs. STRP for Indoor Hotspot with non-ideal backhaul
	
	FR1, RU for STRP
	Mean UPT
	5% UPT
	50% UPT

	STRP
	16%/38%
	0.00%
	0.00%
	0.00%

	Scheme1
	16%
	12.01%
	30.10%
	15.38%

	Scheme2
	
	41.53%
	27.61%
	25.00%

	Scheme3
	
	48.18%
	39.26%
	33.92%

	Scheme1
	38%
	25.10%
	34.89%
	33.60%

	Scheme2
	
	28.26%
	34.40%
	21.87%

	Scheme3
	
	46.26%
	55.30%
	43.80%



DPS and DPS+NC-JT vs. STRP for Dense Urban with non-ideal backhaul 
	
	FR1, RU for STRP
	Mean UPT
	5% UPT
	50% UPT

	STRP
	14%/25%
	0.00%
	0.00%
	0.00%

	Scheme1
	14%
	1.41%
	8.50%
	0.00%

	Scheme2
	
	9.20%
	3.10%
	1.96%

	Scheme3
	
	15.38%
	16.08%
	10.64%

	Scheme1
	25%
	2.21%
	7.39%
	2.95%

	Scheme2
	
	4.23%
	2.57%
	0.00%

	Scheme3
	
	9.33%
	15.98%
	4.22%



From the above tables, we observe that
Scheme2 and Scheme3 have obvious performance gain compared to Scheme1.
Scheme3 has an obvious performance gain compared the Scheme2.
The reason for Scheme3 has some UPT gains compared with Scheme2 is contain two aspects:
MCS mismatch may often happen in Scheme2, resulting in performance degradation.
Even if TRPs schedule independently, NC-JT transmission to some UEs happens, especially when the RU is lower.
The reason for the mean UPT gain of Scheme2 and Scheme3 compared with Scheme1 is that up to 4 transmission layers from two TRPs can be scheduled in NC-JT while transmission layers are restricted to 1 or 2 for DPS.
For MTRP CSI enhancement Cat1, UE reports the CSI to one of the two TRPs. This would entail frequent coordination between different TRPs and thus inappropriate for practical deployment. A possible solution might be configuring two Cat1 CSI reporting settings, each one fed back to a TRP. But this is a waste of both UE computation power and reporting resources.
Cat2 is more suitable for non-ideal backhaul since UE reports the relevant CSI part to the corresponding TRPs based on legacy CSI reporting setting configuration. With minimum specification effort, MTRPMTRP transmission and reception could obtain considerable gains as shown above.
B.2 Cat1 and Cat2 for ideal backhaul
For ideal backhaul scenario, the following tables show the UPT gain with three schemes compared to the baseline with STRP transmission.
· Scheme1 (DPS): UE reports two DPS CSI reports to the NW. The NW schedules DPS transmission according to the two DPS CSI reports.
· Scheme2 (two STRP CSIs report to both TRPs): NW schedules NC-JT according to the two STRP CSI reports.
· Scheme3 (DPS+ NC-JT): UE reports the DPS CSI and NC-JT CSI to each possible DPS transmission and NC-JT TRP within the cluster.
For the MTRP transmission, as described in Appendix A, each cluster is jointly scheduling with no backhaul delay. Other simulation parameters can be found in Appendix D. We provide UPT comparison for FTP model 1 with RUs for baseline STRP set to 16% and 38% for FR1 Indoor Hotspot, 17%, and 28% for FR2 Indoor Hotspot, and 14% and 25% for Dense Urban. We set the same packet arrival rate (λ) for DPS and DPS+NC-JT as for STRP. Considerable UPT gain can be observed at 5% and 50% UPT, and mean UPT as well.
DPS and DPS+NC-JT vs. STRP for Indoor Hotspot with ideal backhaul
	
	FR1  RU for STRP
	Mean UPT
	5% UPT
	50% UPT

	STRP
	16%/38%
	0.00%
	0.00%
	0.00%

	Scheme1
	16%
	7.00%
	14.05%
	8.70%

	Scheme2
	
	35.50%
	15.37%
	13.64%

	Scheme3
	
	40.54%
	18.06%
	20.97%

	Scheme1
	38%
	3.08%
	14.75%
	4.70%

	Scheme2
	
	14.74%
	20.95%
	7.59%

	Scheme3
	
	24.09%
	23.21%
	16.42%



 DPS and DPS+NC-JT vs. STRP for Dense Urban with ideal backhaul
	
	FR1  RU for STRP
	Mean UPT
	5% UPT
	50% UPT

	STRP
	14%/25%
	0.00%
	0.00%
	0.00%

	Scheme1
	14%
	2.33%
	8.18%
	4.00%

	Scheme2
	
	8.73%
	2.47%
	1.96%

	Scheme3
	
	13.13%
	9.45%
	8.33%

	Scheme1
	25%
	2.72%
	10.27%
	4.22%

	Scheme2
	
	2.92%
	3.34%
	-2.63%

	Scheme3
	
	5.67%
	8.31%
	0.00%



From the above tables, similar conclusions can be obtained compared as in non-ideal backhaul scenario. The reason for Scheme3 has some UPT gains compared to Scheme2 is due to MCS mismatch in Scheme2.
Besides, in ideal backhaul scenario, in this evaluation, UE reports all CSIs. The scheduler has more CSI information and determines the transmission scheme for the UE. In theory, the system can achieve better transmission performance than in the non-ideal backhaul scenario. However, a more complex scheduling algorithm is also required. If a sub-optimal scheduling algorithm is used, especially in a scenario with relatively large interference, it may cause system performance degradation with increased UE scheduling opportunities.
Appendix C: SLS simulation results for FDD CSI
The performance gains between consecutive delay window/set and non-consecutive delay window/set are shown below and the configuration parameters are described in the section 3.3.

The performance of consecutive and non-consecutive delay window/set for N = 4

 The performance of consecutive and non-consecutive delay window/set for N = 6
The performance of different M with the same N = 6 are shown below, the configuration parameters are described in the section 3.3 with the simulation results in Figure 20.

The performance of different M with the same N = 6 (non-consecutive window/set)
Appendix D: Simulation parameters
SLS assumption for MTRP enhancement
	Parameters
	Value

	
	FR1
	FR2

	Duplex, Waveform
	FDD, OFDM

	Multiple access
	OFDMA

	Scenario
	Indoor hotspot (InH), Dense Urban(Macro Only)
	Indoor hotspot (InH)

	Frequency Range
	4GHz
	30GHz

	Inter-BS distance
	20m for InH, 200m for Dense Urban

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at TRP
	InH: 2 Tx ports: (M, N, P, Mg, Ng) = (1,1,2,1,1)

Dense Urban: 4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2)
(dH, dV) = (0.5, 0.8)λ
	InH: 2 Tx ports: (M, N, P, Mg, Ng) = (4,4,2,1,1)

	Antenna setup and port layouts at UE
	4Rx Port: (M, N, P, Mg, Ng, Mp,Np) = (1,2,2,1,1,1,2)
(dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	23dBm for InH, 43dBm for Dense Urban

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 
	120kHz

	Number of RBs
	52

	Simulation bandwidth 
	10 MHz
	80 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	Configuration for MTRP
	Cluster
	4 neighboring TRPs for InH, 3 neighboring TRPs Dense Urban(Macro Only)

	
	Maximal number of coordinating TRPs
	2

	
	Backhaul assumption
	Ideal and non-ideal

	CSI feedback 
	Feedback assumption
· CSI feedback periodicity:  5 ms
· Scheduling delay (from CSI feedback to time to apply in scheduling):  4 ms
· Subband PMI, subband CQI
· Rank 1 or rank 2 per TRP

	Traffic model
	FTP model 1

	UE receiver
	MMSE-IRC

	Channel estimation
	Ideal



SLS assumption for CSI enhancement based on FDD reciprocity
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Urban Macro

	Frequency Range
	FR1 only, 2GHz for uplink and 2.2GHz for downlink

	Inter-BS distance
	200m 

	Channel model
	Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897 

	Antenna setup and port layouts at gNB
	 (8,8,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
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, 44dBm for 20MHz, 47dBm for 40MHz

	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 

	Numerology
	14 OFDM symbol slot
SCS 15KHz

	Simulation bandwidth 

	20 MHz for 15kHz as a baseline
10 MHz for 15KHz as contract

	Frame structure
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation is assumed 

	Rank candidate
	Rank 1 as a starting point

	MIMO layers
	The maximum MU layers 8

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for SU/MU-MIMO

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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 

	Baseline for performance evaluation
	Rel-16 PS eTypeII Codebook with CSI-RS beamforming based on the angle information from SRS according to partial reciprocity.

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms
SRS error modeling in Table A.1-2 in 36.897. 
· Use coupling loss instead of path loss.
· Delta = 9dB




1 STRP hypo.	1 NCJT hypo.	1 STRP hypo. and 1 NCJT hypo.	2 STRP hypo. and 1 NCJT hypo.	17	33	50	67	
bit



Alt1	45	58	64	71	86	92	125	218	31	33.5	36	44	46	51	56	61	Alt2	45	58	64	71	86	92	125	218	31.1	33.4	35.799999999999997	44	46.1	51	56	61.1	Alt3	45	58	64	71	86	92	125	218	30.9	33.6	36	44.2	46	50.9	56.2	60.89	CSI feedback overhead

The gain of average throughput (%)



M = 2, N = 2, non-consecutive, tap 0	17	24	38	52	66	-3.4500000000000028	14.549999999999997	24.400000000000006	30.449999999999989	31	M = 2, N = 4, non-consecutive, tap 0	17	24	38	52	66	-0.64999999999999147	14.299999999999997	27.200000000000003	33.349999999999994	35.200000000000017	M = 2, N = 2, consecutive	17	24	38	52	66	-2.4500000000000028	11.600000000000009	23.350000000000009	29.200000000000017	29.400000000000006	M = 2, N = 4, consecutive	17	24	38	52	66	-2.6499999999999915	13.650000000000006	27.699999999999989	31.099999999999994	31.25	M = 2, N = 2, consecutive, tap 0	17	24	38	52	66	-6.1500000000000057	10.149999999999991	21.100000000000009	22.249999999999986	24.599999999999994	M = 2, N = 4, consecutive, tap 0	17	24	38	52	-2.5	12.349999999999994	24.350000000000009	27.899999999999991	M = 2, N = 6, consecutive, tap 0	17	24	38	52	-3.3499999999999943	12.5	26.699999999999989	30.699999999999989	M = 2, N = 6, non-consecutive, tap 0	17	24	38	52	66	-2.9000000000000057	14.999999999999986	28.25	35.549999999999983	35.699999999999989	M = 4, N = 4, SD selection, consecutive	32	46	74	102	20	25	30.25	33.5	M = 4, N = 4, SD, non-consecutive	32	46	74	102	130	15.399999999999991	30.099999999999994	38.150000000000006	41.599999999999994	40.599999999999994	M = 4, N = 6, SD selection, consecutive	32	46	74	102	14.349999999999994	27.899999999999991	33.449999999999989	38.099999999999994	M = 4, N = 6, SD, non-consecutive	32	46	74	102	130	14.700000000000003	29.400000000000006	37.949999999999989	41.900000000000006	44.300000000000011	M = 2, N = 6, consecutive	17	24	38	52	66	-2.4500000000000028	15.100000000000009	28.950000000000017	31.25	32.400000000000006	M = 3, N = 4, SD, non-consecutive	21	35	56	77	98	15.549999999999997	24.049999999999997	37.599999999999994	37.699999999999989	39.199999999999989	M = 3, N = 6, SD, non-consecutive	21	35	56	77	98	14.900000000000006	24.049999999999997	36.849999999999994	38.5	39.599999999999994	M = 2, N = 2, SD, consecutive	17	24	38	52	-6.1500000000000057	10.149999999999991	21.100000000000009	22.249999999999986	M = 2, N = 2, SD, non-consecutive	17	24	38	52	66	-3.4500000000000028	14.549999999999997	24.400000000000006	30.449999999999989	31	M = 2, N = 4, SD selection, consecutive	17	24	38	52	-2.5	12.349999999999994	24.350000000000009	27.899999999999991	M = 2, N = 4, SD, non-consecutive	17	24	38	52	66	-0.64999999999999147	14.299999999999997	27.200000000000003	33.349999999999994	35.200000000000017	M = 2, N = 6, SD selection, consecutive	17	24	38	52	-3.3499999999999943	12.5	26.699999999999989	30.699999999999989	M = 2, N = 6, SD, non-consecutive	17	24	38	52	66	-2.9000000000000057	14.999999999999986	28.25	35.549999999999983	35.699999999999989	M = 4, N = 4, SD selection, consecutive	32	46	74	102	20	25	30.25	33.5	M = 4, N = 4, SD, non-consecutive	32	46	74	102	130	15.399999999999991	30.099999999999994	38.150000000000006	41.599999999999994	40.599999999999994	M = 4, N = 6, SD selection, consecutive	32	46	74	102	14.349999999999994	27.899999999999991	33.449999999999989	38.099999999999994	M = 4, N = 6, SD, non-consecutive	32	46	74	102	130	14.700000000000003	29.400000000000006	37.949999999999989	41.900000000000006	44.300000000000011	M = 2, N = 2, SD-FD	17	24	38	52	66	-2.4500000000000028	11.600000000000009	23.350000000000009	29.200000000000017	29.400000000000006	M = 2, N = 4, SD-FD	17	24	38	52	66	-2.6499999999999915	13.650000000000006	27.699999999999989	31.099999999999994	31.25	M = 2, N = 6, SD-FD	17	24	38	52	66	-2.4500000000000028	15.100000000000009	28.950000000000017	31.25	32.400000000000006	M = 3, N = 4, SD, non-consecutive	21	35	56	77	98	15.549999999999997	24.049999999999997	37.599999999999994	37.699999999999989	39.199999999999989	M = 3, N = 6, SD, non-consecutive	21	35	56	77	98	14.900000000000006	24.049999999999997	36.849999999999994	38.5	39.599999999999994	CSI feedback overhead (bits)

The gain of average throughput (%)



M = 2, N =4	17	24	38	52	66	-0.64999999999999147	14.299999999999997	27.200000000000003	33.349999999999994	35.200000000000017	M = 3, N = 4	21	35	56	77	98	15.549999999999997	24.049999999999997	37.599999999999994	37.699999999999989	39.199999999999989	M = 4, N = 4	32	46	74	102	130	15.399999999999991	30.099999999999994	38.150000000000006	41.599999999999994	40.599999999999994	M = 2, N = 2	17	24	38	52	66	-3.4500000000000028	14.549999999999997	24.400000000000006	30.449999999999989	31	M = 2, N = 6	17	24	38	52	66	-2.9000000000000057	14.999999999999986	28.25	35.549999999999983	35.699999999999989	CSI feedback overhead (bits)

Gain of average throughput (%)



32 port, N = 2	44	58	86	114	142	16.549999999999997	34.050000000000011	45.25	50.550000000000011	53.050000000000011	32 port, N = 4	44	58	86	114	142	16.549999999999997	34.300000000000011	46.700000000000017	50.75	50.349999999999994	32 port, N = 6	44	58	86	114	142	15.250000000000014	32.849999999999994	46.300000000000011	49.599999999999994	50.25	4 port, N = 2	17	24	38	52	66	-2.4500000000000028	11.600000000000009	23.350000000000009	29.200000000000017	29.400000000000006	4 port, N = 4	17	24	38	52	66	-2.6499999999999915	13.650000000000006	27.699999999999989	31.099999999999994	31.25	4 port, N = 6	17	24	38	52	66	-2.4500000000000028	15.100000000000009	28.950000000000017	31.25	32.400000000000006	CSI feedback overhead (bits)

Gain of average throughput (%)




4 port, N = 2	17	24	38	52	66	-2.4500000000000028	11.600000000000009	23.350000000000009	29.200000000000017	29.400000000000006	4 port, N = 4	17	24	38	52	66	-2.6499999999999915	13.650000000000006	27.699999999999989	31.099999999999994	31.25	4 port, N = 6	17	24	38	52	66	-2.4500000000000028	15.100000000000009	28.950000000000017	31.25	32.400000000000006	32 port, N = 2	44	58	86	114	142	16.549999999999997	34.050000000000011	45.25	50.550000000000011	53.050000000000011	32 port, N = 4	44	58	86	114	142	16.549999999999997	34.300000000000011	46.700000000000017	50.75	50.349999999999994	32 port, N = 6	44	58	86	114	142	15.250000000000014	32.849999999999994	46.300000000000011	49.599999999999994	50.25	CSI feedback overhead (bits)

Gain of average throughput (%)



Throughput of different paremeter combinations (K1, Mv, beta)

21	41	78	113	146	208	261	14	34	64	92	118	166	205	14	27	50	71	90	124	149	7	20	36	50	62	82	93	37	73	142	209	274	400	517	30	59	114	167	218	316	405	23	45	86	125	162	232	293	16	31	58	83	106	148	181	2.2599999999999998	2.5	2.72	3.07	2.8	2.89	2.81	2.23	2.4	2.7	3.02	2.81	2.93	2.89	1.98	2.31	2.6	2.88	2.77	2.84	2.91	1.97	1.91	2.3199999999999998	2.5299999999999998	2.62	2.75	2.83	2.34	2.71	3	3.11	3.15	3.15	3.13	2.34	2.68	2.98	3.12	3.17	3.25	3.24	2.2599999999999998	2.62	2.92	3.12	3.16	3.25	3.22	1.96	2.31	2.67	2.86	3	3.12	3.13	CSI feedback (bits)


AVerage throughput (bit/Hz/s) 



1/8 CP	83	115	130	171	195	215	-82.935153583617748	-80.887372013651884	-78.839590443686006	-75.767918088737204	-69.965870307167236	-67.235494880546071	1/32 CP	-26.279863481228674	-25.255972696245749	-23.890784982935159	-22.184300341296932	-19.453924914675781	-17.406143344709903	CSI overhead


The loss of average throughput (%)




L = 2	1	2	4	6	8	20	32	-1.9908116385911114	-1.6462480857580459	-1.4931087289433549	-0.76569678407351205	-0.6125574272588068	-0.72741194486984284	-0.6125574272588068	L = 4	1	2	4	6	8	20	32	-3.2213845099383178	-2.3989033584647075	-0.47978067169295002	-0.65113091158328018	-0.68540095956134905	-0.61686086360521131	-0.68540095956134905	L = 8	1	2	4	6	8	20	32	-4.1613722998729514	-2.1918678526048296	-1.4612452350698959	-0.73062261753494795	-0.34942820838628563	-0.57179161372300769	-0.12706480304956358	L = 12	1	2	4	6	8	20	32	-4.3613707165109048	-2.5545171339563808	-0.80996884735201036	-0.31152647975076775	-0.31152647975076775	-0.28037383177569097	-0.34267912772585873	L = 16	1	2	4	6	8	20	32	-6.2157221206581426	-3.8086532602071941	-2.1633150517976816	-0.60938452163314594	-0.51797684338818328	-0.33516148689824377	0	The number of CSI-RS ports used for timing calibration


The loss of average throughput (%)





FR1	FR2	0.46	0.25	


M = 2, N = 4, consecutive, tap 0	17	24	38	52	-2.5	12.349999999999994	24.350000000000009	27.899999999999991	M = 2, N = 4, non-consecutive, tap 0	17	24	38	52	66	-0.64999999999999147	14.299999999999997	27.200000000000003	33.349999999999994	35.200000000000017	M = 2, N = 4, consecutive	17	24	38	52	66	-2.6499999999999915	13.650000000000006	27.699999999999989	31.099999999999994	31.25	M = 2, N = 2, consecutive, tap 0	17	24	38	52	66	-6.1500000000000057	10.149999999999991	21.100000000000009	22.249999999999986	24.599999999999994	M = 2, N = 2, non-consecutive, tap 0	17	24	38	52	66	-3.4500000000000028	14.549999999999997	24.400000000000006	30.449999999999989	31	M = 2, N = 6, consecutive, tap 0	17	24	38	52	-3.3499999999999943	12.5	26.699999999999989	30.699999999999989	M = 2, N = 6, non-consecutive, tap 0	17	24	38	52	66	-2.9000000000000057	14.999999999999986	28.25	35.549999999999983	35.699999999999989	M = 4, N = 4, SD selection, consecutive	32	46	74	102	20	25	30.25	33.5	M = 4, N = 4, SD, non-consecutive	32	46	74	102	130	15.399999999999991	30.099999999999994	38.150000000000006	41.599999999999994	40.599999999999994	M = 4, N = 6, SD selection, consecutive	32	46	74	102	14.349999999999994	27.899999999999991	33.449999999999989	38.099999999999994	M = 4, N = 6, SD, non-consecutive	32	46	74	102	130	14.700000000000003	29.400000000000006	37.949999999999989	41.900000000000006	44.300000000000011	M = 2, N = 2, consecutive	17	24	38	52	66	-2.4500000000000028	11.600000000000009	23.350000000000009	29.200000000000017	29.400000000000006	M = 2, N = 6, consecutive	17	24	38	52	66	-2.4500000000000028	15.100000000000009	28.950000000000017	31.25	32.400000000000006	M = 3, N = 4, SD, non-consecutive	21	35	56	77	98	15.549999999999997	24.049999999999997	37.599999999999994	37.699999999999989	39.199999999999989	M = 3, N = 6, SD, non-consecutive	21	35	56	77	98	14.900000000000006	24.049999999999997	36.849999999999994	38.5	39.599999999999994	M = 2, N = 2, SD, consecutive	17	24	38	52	-6.1500000000000057	10.149999999999991	21.100000000000009	22.249999999999986	M = 2, N = 2, SD, non-consecutive	17	24	38	52	66	-3.4500000000000028	14.549999999999997	24.400000000000006	30.449999999999989	31	M = 2, N = 4, SD selection, consecutive	17	24	38	52	-2.5	12.349999999999994	24.350000000000009	27.899999999999991	M = 2, N = 4, SD, non-consecutive	17	24	38	52	66	-0.64999999999999147	14.299999999999997	27.200000000000003	33.349999999999994	35.200000000000017	M = 2, N = 6, SD selection, consecutive	17	24	38	52	-3.3499999999999943	12.5	26.699999999999989	30.699999999999989	M = 2, N = 6, SD, non-consecutive	17	24	38	52	66	-2.9000000000000057	14.999999999999986	28.25	35.549999999999983	35.699999999999989	M = 4, N = 4, SD selection, consecutive	32	46	74	102	20	25	30.25	33.5	M = 4, N = 4, SD, non-consecutive	32	46	74	102	130	15.399999999999991	30.099999999999994	38.150000000000006	41.599999999999994	40.599999999999994	M = 4, N = 6, SD selection, consecutive	32	46	74	102	14.349999999999994	27.899999999999991	33.449999999999989	38.099999999999994	M = 4, N = 6, SD, non-consecutive	32	46	74	102	130	14.700000000000003	29.400000000000006	37.949999999999989	41.900000000000006	44.300000000000011	M = 2, N = 2, SD-FD	17	24	38	52	66	-2.4500000000000028	11.600000000000009	23.350000000000009	29.200000000000017	29.400000000000006	M = 2, N = 4, SD-FD	17	24	38	52	66	-2.6499999999999915	13.650000000000006	27.699999999999989	31.099999999999994	31.25	M = 2, N = 6, SD-FD	17	24	38	52	66	-2.4500000000000028	15.100000000000009	28.950000000000017	31.25	32.400000000000006	M = 3, N = 4, SD, non-consecutive	21	35	56	77	98	15.549999999999997	24.049999999999997	37.599999999999994	37.699999999999989	39.199999999999989	M = 3, N = 6, SD, non-consecutive	21	35	56	77	98	14.900000000000006	24.049999999999997	36.849999999999994	38.5	39.599999999999994	CSI feedback overhead (bits)

The gain of average throughput (%)



M = 2, N = 6, consecutive, tap 0	17	24	38	52	-3.3499999999999943	12.5	26.699999999999989	30.699999999999989	M = 2, N = 6, non-consecutive, tap 0	17	24	38	52	66	-2.9000000000000057	14.999999999999986	28.25	35.549999999999983	35.699999999999989	M = 2, N = 6, consecutive	17	24	38	52	66	-2.4500000000000028	15.100000000000009	28.950000000000017	31.25	32.400000000000006	M = 2, N = 2, consecutive, tap 0	17	24	38	52	66	-6.1500000000000057	10.149999999999991	21.100000000000009	22.249999999999986	24.599999999999994	M = 2, N = 2, non-consecutive, tap 0	17	24	38	52	66	-3.4500000000000028	14.549999999999997	24.400000000000006	30.449999999999989	31	M = 2, N = 4, consecutive, tap 0	17	24	38	52	-2.5	12.349999999999994	24.350000000000009	27.899999999999991	M = 2, N = 4, non-consecutive, tap 0	17	24	38	52	66	-0.64999999999999147	14.299999999999997	27.200000000000003	33.349999999999994	35.200000000000017	M = 4, N = 4, SD selection, consecutive	32	46	74	102	20	25	30.25	33.5	M = 4, N = 4, SD, non-consecutive	32	46	74	102	130	15.399999999999991	30.099999999999994	38.150000000000006	41.599999999999994	40.599999999999994	M = 4, N = 6, SD selection, consecutive	32	46	74	102	14.349999999999994	27.899999999999991	33.449999999999989	38.099999999999994	M = 4, N = 6, SD, non-consecutive	32	46	74	102	130	14.700000000000003	29.400000000000006	37.949999999999989	41.900000000000006	44.300000000000011	M = 2, N = 2, consecutive	17	24	38	52	66	-2.4500000000000028	11.600000000000009	23.350000000000009	29.200000000000017	29.400000000000006	M = 2, N = 4, consecutive	17	24	38	52	66	-2.6499999999999915	13.650000000000006	27.699999999999989	31.099999999999994	31.25	M = 3, N = 4, SD, non-consecutive	21	35	56	77	98	15.549999999999997	24.049999999999997	37.599999999999994	37.699999999999989	39.199999999999989	M = 3, N = 6, SD, non-consecutive	21	35	56	77	98	14.900000000000006	24.049999999999997	36.849999999999994	38.5	39.599999999999994	M = 2, N = 2, SD, consecutive	17	24	38	52	-6.1500000000000057	10.149999999999991	21.100000000000009	22.249999999999986	M = 2, N = 2, SD, non-consecutive	17	24	38	52	66	-3.4500000000000028	14.549999999999997	24.400000000000006	30.449999999999989	31	M = 2, N = 4, SD selection, consecutive	17	24	38	52	-2.5	12.349999999999994	24.350000000000009	27.899999999999991	M = 2, N = 4, SD, non-consecutive	17	24	38	52	66	-0.64999999999999147	14.299999999999997	27.200000000000003	33.349999999999994	35.200000000000017	M = 2, N = 6, SD selection, consecutive	17	24	38	52	-3.3499999999999943	12.5	26.699999999999989	30.699999999999989	M = 2, N = 6, SD, non-consecutive	17	24	38	52	66	-2.9000000000000057	14.999999999999986	28.25	35.549999999999983	35.699999999999989	M = 4, N = 4, SD selection, consecutive	32	46	74	102	20	25	30.25	33.5	M = 4, N = 4, SD, non-consecutive	32	46	74	102	130	15.399999999999991	30.099999999999994	38.150000000000006	41.599999999999994	40.599999999999994	M = 4, N = 6, SD selection, consecutive	32	46	74	102	14.349999999999994	27.899999999999991	33.449999999999989	38.099999999999994	M = 4, N = 6, SD, non-consecutive	32	46	74	102	130	14.700000000000003	29.400000000000006	37.949999999999989	41.900000000000006	44.300000000000011	M = 2, N = 2, SD-FD	17	24	38	52	66	-2.4500000000000028	11.600000000000009	23.350000000000009	29.200000000000017	29.400000000000006	M = 2, N = 4, SD-FD	17	24	38	52	66	-2.6499999999999915	13.650000000000006	27.699999999999989	31.099999999999994	31.25	M = 2, N = 6, SD-FD	17	24	38	52	66	-2.4500000000000028	15.100000000000009	28.950000000000017	31.25	32.400000000000006	M = 3, N = 4, SD, non-consecutive	21	35	56	77	98	15.549999999999997	24.049999999999997	37.599999999999994	37.699999999999989	39.199999999999989	M = 3, N = 6, SD, non-consecutive	21	35	56	77	98	14.900000000000006	24.049999999999997	36.849999999999994	38.5	39.599999999999994	CSI feedback overhead (bits)

Gain of average throughput (%)



M = 2, N = 6	17	24	38	52	66	-2.9000000000000057	14.999999999999986	28.25	35.549999999999983	35.699999999999989	M = 3, N = 6	21	35	56	77	98	14.900000000000006	24.049999999999997	36.849999999999994	38.5	39.599999999999994	M = 4, N = 6	32	46	74	102	130	14.700000000000003	29.400000000000006	37.949999999999989	41.900000000000006	44.300000000000011	M = 2, N = 2	17	24	38	52	66	-3.4500000000000028	14.549999999999997	24.400000000000006	30.449999999999989	31	M = 2, N =4	17	24	38	52	66	-0.64999999999999147	14.299999999999997	27.200000000000003	33.349999999999994	35.200000000000017	M = 3, N = 4	21	35	56	77	98	15.549999999999997	24.049999999999997	37.599999999999994	37.699999999999989	39.199999999999989	M = 4, N = 4	32	46	74	102	130	15.399999999999991	30.099999999999994	38.150000000000006	41.599999999999994	40.599999999999994	CSI feedback overhead (bits)

Gain of average throughput (%)
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