
3GPP TSG RAN WG1 #102-e	R1-2005369
e-Meeting, August 17th – 28th, 2020

Source:	vivo
Title:	Evaluation on MTRP CSI and Partial reciprocity
Agenda Item:	8.1.4
Document for:	Discussion and Decision
Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Rel-15 specified CSI framework and CSI feedback to support much more flexible CSI measurement and report than that of LTE. Two codebook types were specified: Type I codebook employs two-stage codebook structure including wideband spatial information and subband beam selection and co-phasing. While Type II codebook supporting lower ranks is targeting finer granularity CSI feedback for MU-MIMO and consequently incurs large feedback overhead. Type II port selection codebook was also introduced based on Type II codebook. Rel-16 further studied enhanced Type II codebook to reduce the feedback overhead without too much impact on performance. Another important feature introduced in Rel-16 is multi-TRP (MTRP) operation to enhance both throughput for eMBB and reliability and robustness for URLLC. Multi-DCI-based MTRP allows two TRPs independently schedule PDSCH and the UE supporting this feature may expect the reception of fully/partially-overlapped PDSCHs in time and frequency domain scheduled by two TRPs. While, single-DCI-based MTRP realizes a PDSCH transmitted from two TRPs in SDM, TDM, SDM manners by indicating two TCI states. However, there was no further discussions on CSI enhancement for MTRP in Rel-16.
In RAN#86 meeting, WID on further enhancements of NR MIMO was agreed [1] with following objectives on enhancement of CSI acquisition for multi-TRP/panel transmission and partial reciprocity, which is copied below for reference. 
	[bookmark: _Hlk47736600]4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NC-JT, targeting both FR1 and FR2.
   b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead.



In this document, preliminary evaluation results on CSI enhancements for multi-TRP/panel transmission and partial reciprocity are provided and our views on potential enhancements are also presented.
CSI enhancement for MTRP
Background
Rel-15/16 provides flexible CSI framework configuration of multiple CSI reporting settings (CSI-ReportConfig) with multiple CSI resource settings (CSI-ResourceConfig). As shown in Figure 1, each CSI-ReportConfig contains the parameter(s) such as CSI resource settings, reporting configurations and CSI-related report quantities. The CSI-ResourceConfig contains a list of  CSI Resource Sets. However, for periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1.
Since there was no CSI enhancement for MTRP, the existing CSI framework has to be reused. As shown in Figure 2, a straightforward way is to configure multiple CSI-ReportConfigs for MTRP, which is separate CSI reporting.
To enable efficiency and accuracy of separate CSI reporting for MTRP, following issues may need to be addressed:
· More accurate acquisition of NC-JT CSI especially for non-ideal backhaul scenario.
Possible solutions to avoid large signaling overhead when multiple CSI reporting settings are needed.
Reasonable UE complexity with multiple configured report settings.


CSI framework in Rel-16


Example of CSI reporting configuration method to enable MTRP transmission in Rel-16
[bookmark: _Hlk47554197]In Rel-16 meeting [2], a joint CSI reporting scheme was also proposed, which requires a modification of the CSI framework. This scheme can reduce some signaling overhead and UE complexity and can even include multiple CSIs of multiple TRPs in one report.
CSI framework enhancement
In Rel-16, both ideal and non-ideal backhaul MTRP scenarios were enhanced as discussed above. The CSI framework designed in Rel-17 should accommodate both scenarios.
For non-ideal backhaul transmission scenario, it is unknown whether joint CSI reporting can bring good performance gain due to the existence of delay between TRPs. Separate CSI reporting each targeting a TRP would avoid CSI exchange between TRPs and enable independent scheduling by the two TRPs.
Joint CSI reporting, on the other hand, is more suitable for ideal backhaul scenario because one PUSCH or PUCCH can be used to feedback multiple CSIs for all TRPs. In addition, ideal backhaul can better realize cooperative transmission within the cluster of TRPs. 
Both joint CSI reporting and separate CSI reporting should be clarified on how to acquire MTRP CSI if enhanced to support MTRP scenario. In section 2.3.1, we give the calculation method of NC-JT CSI which needs to use NZP CSI-RS for channel measurement of cooperative TRPs to calculate the corresponding CQI. Take two TRP cooperation as an example, several possible schemes for calculating MTRP CSI are as follows:
Alt1: associate multiple CSI-ReportConfigs/CSI-ResourceConfigs/CSI-ResourceSets. As shown in Figure 3, two CSI-ReportConfigs from different TRPs are associated. And two associated CSI-ReportConfigs are used to jointly compute MTRP CSI at UE.


Associating two CSI-ReportConfigs
[bookmark: _Hlk47636283]Alt2: increase the information element in a CSI-ReportConfig, such as increasing the amount of CSI resource settings as shown in Figure 4 and increasing the amount of resource sets as shown in Figure 5 in a CSI-ReportConfig.


Increase the amount of CSI resource settings


Increase the amount of CSI resource sets
For separate CSI reporting, Alt1 with separate CSI-ReportConfigs is more suitable for MTRP CSI acquisition. As shown in Figure 2, if there is an association between two CSI-ReportConfigs, UE is aware of CSI calculation for NC-JT according to these CSI-ReportConfigs, including acquiring CSI-RSs from multiple TRPs to search PMIs for each TRP and derive the CQI of NC-JT. If there is no association, especially for non-ideal backhaul scenario, it is difficult for UE to accurately and timely obtain the interference from cooperative TRPs for NC-JT CSI calculation.
For joint CSI reporting, Alt2 with one CSI-ReportConfig is more suitable for MTRP CSI acquisition. Since there is no delay between TRPs in ideal backhaul scenario, it is easy to obtain the CSI from neighboring cooperative TRP which receives the CSI transmitted by the UE, accurately and timely. And Alt2 is beneficial to reduce some signaling overhead and UE complexity in terms of calculating CSI in one CSI report.
The MTRP CSI feedback can be enhanced by associating multiple CSI ReportConfigs/CSI-ResourceConfigs/CSI Resource sets.
CSI enhancement for MTRP should consider both non-ideal backhaul and ideal backhaul scenarios.
Both separate CSI reporting and joint CSI reporting should be supported.
CSI feedback enhancement
In conventional CSI feedback STRP transmission, UE reports the CSI to its recommended transmitting TRP. For ideal backhaul, if DPS transmission is allowed, UE reports the corresponding DPS CSI to each possible DPS transmitting TRP within the cluster. If the network is able to schedule DPS and NC-JT dynamically, it may require the UE to report to the network all possible DPS CSI and NC-JT CSI within the cluster.
For non-ideal backhaul, however, it is desired that the UE report the CSI to the relevant TRP directly to avoid CSI exchange between TRPs. If DPS transmission is allowed, the UE may compare 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. In order to achieve dynamic scheduling between DPS and NC-JT, the UE needs to compare two possible DPS CSIs with one possible NC-JT CSI and select the best CSI for feedback. If the UE select one DPS CSI, it will report the CSI to its recommended transmitting TRP. If the UE selects NC-JT CSI, it will feedback to different TRPs multiple CSI reports, each of which contains part of CSI corresponding to one TRP for joint transmission.
Performance evaluation results
In this section, simulation results are provided for ideal and non-ideal backhaul assumptions including joint and separate CSI reporting schemes. Simulation assumptions are provided in section 2.4.1. Evaluation results for CSI feedback enhancement and basic transmission schemes are provided in section 2.4.2 and 2.4.3, respectively.
[bookmark: _Hlk47639945]Simulation setup and assumptions 
We conduct performance evaluation for eMBB in FR1 4GHz carrier frequency with 10MHz BW and 15kHz SCS, and FR2 30GHz carrier frequency with 80MHz BW and 120kHz 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. Single-TRP (STRP) is the baseline. SU-MIMO is assumed for STRP, DPS and DPS+NC-JT cases. Detailed simulation assumptions can be found in Appendix.
Scenario
In Indoor Hotspot scenario, a TRP cluster comprises four neighboring TRPs as shown in Figure 6. Whereas in Dense Urban scenario, a TRP cluster comprises three neighboring TRPs of a site. A UE measures 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: ]
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 TRP within the cluster.
NC-JT+DPS transmission
For non-ideal backhaul, the feedback method is basically 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 a NC-JT CSI part, 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 proportional fair algorithm. With one optimal DPS CSI to report, non-overlapping PDSCH reception from different TRPs in time domain is achieved.
For ideal backhaul, the scheduler per cluster schedules one UE which has reported its all DPS CSIs to the TRPs within cluster according to proportional fair algorithm. With one DPS CSI goes into effect in the scheduler, non-overlapping PDSCH reception from different TRPs in time domain is achieved.
DPS+NC-JT transmission
In 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 proportional fair algorithm. With 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 into fully 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 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 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 by DMRS at the receiver can be given by

where  is 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 by 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 given as follows:
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, resulting in a decrease in MTRP transmission performance compared to FR1.
Figure 7 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.

Comparison of UE accessing multiple TRPs in FR1 and FR2
In Indoor Hotspot scenario, same RSRP threshold for determining MTRP transmission may cause large differences in the number of MTRP transmission UEs between FR1 and FR2.
Clarify MTRP CSI simulation assumptions on following aspects:
· Method of UE attachment to TRP considering MPUE
· CSI calculation method if UE has multiple panels connecting to multiple TRPs
· RSRP threshold determination suitable for multiple TRP connections
Evaluation for CSI feedback enhancement
At least in separate CSI reporting, the feedback overhead of MTRP CSI report is also huge. Therefore, CSI feedback enhancement is also needed.
For CSI feedback enhancement, simulation evaluations of potential feedback schemes are conducted and compared with STRP as baseline. The MTRP transmission case is non-ideal backhaul, as described in section 2.4.1. The specific simulation parameters can be referred to the Appendix. We provide UPT comparison for FTP model 1 with RU for baseline STRP set to 16%, 38% and 65% for FR1 Indoor Hotspot, 17% and 28% for FR2 Indoor Hotspot. We set the same packet arrival rate (λ) for Alt1 and Alt2 as for STRP. Considerable UPT gain can be observed at 5% and 95% UPT, and mean UPT as well.
Baseline：STRP transmission.
Alt1：UE feeds back the recommended CSI, either DPS CSI or NC-JT CSI.
Alt2：UE feeds back the DPS CSI only to each TRP respectively. TRPs schedule independently, i.e., DPS CSI-based NC-JT transmission may be scheduled.
The simulation results with different RUs in Indoor Hotspot scenario for FR1 and FR2 are shown in the tables below.
Alt1 and Alt2 vs. STRP for Indoor Hotspot with non-ideal backhaul 
	
	FR1, RU for STRP
	Mean UPT
	5% UPT
	50% UPT
	95% UPT

	STRP
	16%/38%/65%
	0.0%
	0.0%
	0.0%
	0.0%

	Alt1
	16%
	48.18%
	39.26%
	33.92%
	100.00%

	Alt2
	
	41.53%
	27.61%
	25.00%
	100.00%

	Alt1
	38%
	46.26%
	55.30%
	43.80%
	22.22%

	Alt2
	
	28.26%
	34.40%
	21.87%
	22.22%

	Alt1
	65%
	46.11%
	89.50%
	54.50%
	32.70%

	Alt2
	
	29.45%
	71.74%
	37.30%
	17.40%



Alt1 and Alt2 vs. STRP for Indoor Hotspot with non-ideal backhaul
	
	FR2, RU for STRP
	Mean UPT
	5% UPT
	50% UPT
	95% UPT

	STRP
	17%/28%
	0.0%
	0.0%
	0.0%
	0.0%

	Alt1
	17%
	16.89%
	9.29%
	11.11%
	71.43%

	Alt2
	
	22.33%
	8.58%
	11.11%
	100.00%

	Alt1
	28%
	17.88%
	9.45%
	19.15%
	50.00%

	Alt2
	
	22.61%
	10.10%
	21.74%
	71.43%



At least in FR1 and non-ideal backhaul case, UE determining DPS transmission or NC-JT and feedback relevant CSI has better performance.
For non-ideal backhaul case, CSI feedback with UE’s recommendation for a preferred transmission scheme can be considered.
[bookmark: _Hlk47639881]Evaluation for basic transmission schemes
Non-ideal backhaul based MTRP/Panel transmission
[bookmark: _Hlk47601644]The following tables show the performance gain of dynamic scheduling between NC-JT and DPS (NC-JT+DPS) and DPS scheduling only in the case of non-ideal backhaul for basic transmission schemes. STRP transmission is the baseline. For the MTRP transmission in the case of non-ideal backhaul, as described in section 2.4.1, each TRP is independently scheduling without CSI exchange between TRPs. The specific simulation parameters can be referred to the Appendix. We provide UPT comparison for FTP model 1 with RU for baseline STRP set to 16%, 38% and 65% for FR1 Indoor Hotspot, 17% and 28% for FR2 Indoor Hotspot and 14% and 25% for Dense Urban. Only reporting the best CSI by UE is enabled. 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 95% UPT, and mean UPT as well. The reason for the gain of good UEs with NJ-CT 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.
[bookmark: _Hlk47599361]DPS and DPS+NC-JT vs. STRP for Indoor Hotspot with non-ideal backhaul
	
	FR1, RU for STRP
	Mean UPT
	5% UPT
	50% UPT
	95% UPT

	STRP
	16%/38%/65%
	0.0%
	0.0%
	0.0%
	0.0%

	DPS
	16%
	12.01%
	30.10%
	15.38%
	0.00%

	DPS+NC-JT
	
	48.18%
	39.26%
	33.92%
	100.00%

	DPS
	38%
	25.10%
	34.89%
	33.60%
	22.22%

	DPS+NC-JT
	
	46.26%
	55.30%
	43.80%
	22.22%

	DPS
	65%
	33.17%
	66.45%
	42.70%
	24.60%

	DPS+NC-JT
	
	46.11%
	89.50%
	54.50%
	32.70%



DPS and DPS+NC-JT vs. STRP for Dense Urban with non-ideal backhaul 
	
	FR1, RU for STRP
	Mean UPT
	5% UPT
	50% UPT
	95% UPT

	STRP
	14%/25%
	0.0%
	0.0%
	0.0%
	0.0%

	DPS
	14%
	1.41%
	8.50%
	0.00%
	0.00%

	DPS+NC-JT
	
	15.38%
	16.08%
	10.64%
	50.00%

	DPS
	25%
	2.21%
	7.39%
	2.95%
	0.00%

	DPS+NC-JT
	
	9.33%
	15.98%
	4.22%
	0.00%



DPS and DPS+NC-JT vs. STRP for Indoor Hotspot with non-ideal backhaul 
	
	FR2, RU for STRP
	Mean UPT
	5% UPT
	50% UPT
	95% UPT

	STRP
	17%/28%
	0.0%
	0.0%
	0.0%
	0.0%

	DPS
	17%
	-0.05%
	-0.15%
	0.00%
	0.00%

	DPS+NC-JT
	
	16.89%
	9.29%
	11.11%
	71.43%

	DPS
	28%
	-0.92%
	-3.00%
	-1.75%
	0.00%

	DPS+NC-JT
	
	17.88%
	9.45%
	19.15%
	50.00%



From the above tables we observe that dynamic switching between DPS and NC-JT based on optimal CSI UE reported has obvious performance gain compared to STRP. According Table 3 and Table 5, we also observe that compared with same transmission scheme in FR1, dynamic switching between DPS and NC-JT based on UE feedback in FR2 has significantly degrade performance in Indoor Hotspot. The most important reason is the decline in the number of UEs which can be scheduled in MTRP transmission with analog beam restriction.
Dynamic switching between DPS and NC-JT has obvious performance gain compared to STRP for non-ideal backhaul scenarios.
Compared with same transmission scheme in FR1, dynamic switching between DPS and NC-JT in FR2 provide less performance gain in Indoor Hotspot.
Ideal backhaul based MTRP/Panel transmission
The following tables show the performance gain of NC-JT+DPS and DPS in the case of ideal backhaul for basic transmission schemes. STRP transmission is the baseline. For the MTRP transmission in the case of ideal backhaul, as described in section 2.4.1, each cluster is jointly scheduling with no backhaul delay. The specific simulation parameters can be referred to the Appendix. We provide UPT comparison for FTP model 1 with RUs for baseline STRP set to 16% and 65% 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 95% UPT, and mean UPT as well.
DPS and DPS+NC-JT vs. STRP for Indoor Hotspot with ideal backhaul
	
	FR1 with same λ, RU for STRP
	Mean UPT
	5% UPT
	50% UPT
	95% UPT

	STRP
	16%/65%
	0.0%
	0.0%
	0.0%
	0.0%

	DPS
	16%
	6.99%
	30.10%
	15.38%
	0.00%

	DPS+NC-JT
	
	39.06%
	39.27%
	33.93%
	100.00%

	DPS
	65%
	14.08%
	61.60%
	21.01%
	3.85%

	DPS+NC-JT
	
	18.48%
	61.79%
	23.25%
	9.46%



 DPS and DPS+NC-JT vs. STRP for Dense Urban with ideal backhaul
	
	FR1 with same λ, RU for STRP
	Mean UPT
	5% UPT
	50% UPT
	95% UPT

	STRP
	14%/25%
	0.0%
	0.0%
	0.0%
	0.0%

	DPS
	14%
	2.33%
	8.18%
	4.00%
	0.00%

	DPS+NC-JT
	
	13.13%
	9.45%
	8.33%
	44.00%

	DPS
	25%
	2.72%
	10.27%
	4.22%
	0.00%

	DPS+NC-JT
	
	5.67%
	8.31%
	0.00%
	0.00%



DPS and DPS+NC-JT vs. STRP for Indoor Hotspot with ideal backhaul
	
	FR2 with same λ, RU for STRP
	Mean UPT
	5% UPT
	50% UPT
	95% UPT

	STRP
	17%/28%
	0.0%
	0.0%
	0.0%
	0.0%

	DPS
	17%
	5.53%
	8.33%
	8.11%
	0.00%

	DPS+NC-JT
	
	21.34%
	15.07%
	11.11%
	71.43%

	DPS
	28%
	12.69%
	8.55%
	27.27%
	0.00%

	DPS+NC-JT
	
	28.32%
	13.44%
	37.69%
	56.52%



Dynamic switching between DPS and NC-JT based on CSIs UE reported has performance gain also compared to STRP in ideal backhaul scenarios.
DPS has gains compared to STRP in FR2 for Indoor Hotspot due to weakened interference in ideal backhaul scenarios.
For ideal backhaul scenario, we tend to let the UE report all CSIs. The scheduler has more CSI information and determines the transmission mode of the UE. In theory, the system can achieve better transmission performance than the non-ideal backhaul scenario. However, a more complex scheduling algorithm is also required to achieve that. If a sub-optimal scheduling algorithm is used, especially in a scene with relatively large interference, it may cause system performance degradation with increased UE scheduling opportunity.
With enhanced MTRP CSI enhancement, considerable gains are observed for both non-ideal backhaul and ideal backhaul scenarios.
CSI enhancement for transmission schemes for single-DCI-based MTRP
CSI calculation for URLLC schemes
Rel-16 has introduced various URLLC transmission schemes to achieve reliability and robustness for MTRP:
Scheme 1 (SDM):  two TRPs transmit different layers of a PDSCH with overlapped time and frequency resource within a single slot
Scheme 2a (FDM): two TRPs transmit a PDSCH with one RV across non-overlapping comb-like frequency resources assigned to different TRPs within a single slot
Scheme 2b (FDM): two TRPs transmit a PDSCH with different RVs across non-overlapping comb-like frequency resources assigned to different TRPs within a single slot
Scheme 3 (TDM): two TRPs transmit up to 2 TDMed PDSCH transmission occasions within a single slot
Scheme 4 (TDM): two TRPs transmit PDSCH transmission occasions across K different slots alternatively
In addition, SFN is assumed in HST discussion which also can be a specific transmission scheme.
It is obvious that the CSI of different schemes could be diverse so that the CSI calculation based on the specific transmission scheme would match the real transmission quality. The network can configure the transmission scheme to the UE to calculate and report the corresponding CSI. The UE should calculate the CSI following the restrictions of the scheme, such as RI restriction, codeword number restriction, etc.
Support CSI enhancement for different single-DCI-based MTRP transmission schemes.
We show the benefits of SFN-specific CSI enhancement for HST in the following subclause.
Evaluation for HST with enhanced CSI feedback
In the HST-SFN deployment, PDSCH is transmitted in SFN manner which can be regarded as NCJT transmission as well. And if the CSI-RS signal is also transmitted from two different TRPs in SFN manner, a UE will be able to estimate only the composite channel of two TRPs. As a result, the UE can only measure and report one PMI corresponding to the configured single CSI-RS resource set. However, quite difference in the directions of the channels between the UE and two TRPs would cause performance degradation due to a single PMI derived from the mismatched composite channel. In order to avoid this negative impact, distributed CSI-RS can be introduced to measure respective PMI for different TRPs even for SFN transmission, as shown in Figure 8. 
[image: ]
Distributed CSI-RS configuration
As common MTRP scenarios, distributed CSI-RS can be realized by the possible CSI frameworks we have discussed previously, such as configuration with two NZP-CSI-RS resource sets for a single CSI report setting via RRC signaling, etc. There may be potential changes on CSI measurement and reporting. In order to get different PMIs for two TRPs, it is natural that UE calculates PMI based on CSI-RS ports per TRP separately. However, RI and CQI calculation for SFN will be quite different. Due to the SFN transmission, the UE is going to receive a single PDSCH with replicas transmitted from two TRPs simultaneously, which means the PDSCH replicas share the same number of layers and the MCS level. However, if UE is configured with two NZP-CSI-RS resource sets for two CSI report settings individually, two CQIs and two RIs would be reported, which might lead to a conflict when the values of two CQIs or two RIs are different. This means that gNB should determine a unique number of layers and MCS level for scheduled PDSCH based on these two CQIs and two RIs. In this case, the transmission performance may not be guaranteed and the complexity of gNB processing is also raised. Thus, a potential solution is that UE calculates one RI and one CQI based on the composite channel obtained by the estimation over two distributed CSI-RSs. In this way, for the subsequent PDSCH scheduling UE would totally feedback two PMIs, one RI, and one CQI in one CSI reporting based on SFN assumption.
In Figure 9, link-level simulation results for HST-SFN are given to show the benefit of distributed CSI-RS configuration with enhanced SFN-based CSI feedback over single CSI-RS configuration. In the evaluation, 8-port CSI-RS per TRP is assumed and BS frequency pre-compensation [3] is applied to handle multiple severe Doppler shifts occurred in HST scenario. It is observed that distributed CSI-RS can provide performance gain when the UE moves to the boundary area of the two TRPs, compared to single CSI-RS configuration. This is because two PMIs reported by UE are matching to the propagation directions of two TRPs
[image: ]
The comparison of single and distributed CSI-RS
Distributed CSI-RS provides considerable gain for HST-SFN deployment.
CSI enhancement of HST-SFN based on distributed CSI-RS shall be considered.
CSI enhancement based on FDD reciprocity
Background
Type II codebook introduced in Rel-15 is utilized mainly for multi-user scheduling because it can provide more accurate CSI feedback than Type I codebook by taking advantages of combining a small number of the most important orthogonal basis, trying to reduce the CSI feedback overhead without severe performance degradation. Type II port selection codebook is based on Type II codebook further reducing the CSI overhead and UE complexity by selecting the appropriate beamformed CSI-RS ports. In Rel-16 enhanced Type II codebook, frequency domain correlation of CSI is further compressed by transforming subband coefficients into time domain coefficients to reduce the number of nonzero coefficients to report.
As a potential enhancement, Rel-17 would further study the Type II port selection based CSI enhancement by exploiting partial reciprocity between uplink and downlink channels in FDD to achieve better trade-off among UE complexity, performance and reporting overhead compared to the existing Type II port selection based CSI feedback without exploiting channel reciprocity.
Generally, the uplink-downlink reciprocity holds in TDD systems. Namely, both channels have exactly the same per-path amplitude and phase. Furthermore, in the system with multi-antenna array, the reciprocity can be extended to spatial domain, e.g., AoA/AoD and ZoA/ZoD. In FDD systems, however, partial reciprocity has also been observed and verified. From a gNB’s perspective, the expected CSI can be divided into two parts, a reciprocal part and a non-reciprocal part. The former, as its name indicates, can be obtained based on reciprocity parameters between downlink and uplink; while the latter has to be reported by explicit CSI feedback. Therefore, even in a FDD system, the CSI feedback overhead can be reduced, so long as the partial reciprocity is exploited. Moreover, the ratio of overhead reduction depends on to which extent the reciprocal part is utilized.
There are four key dimensions to describe a multi-path channel namely angle, delay, amplitude, and phase. According to the observations and measurements, angle and delay are approximately reciprocal even for the two channels with duplexing gap. Further, given a FDD system with both downlink and uplink deployed in FR1 band, the per-path attenuations in the downlink and uplink are pretty similar due to relatively smaller duplexing gap, resulting in approximately reciprocal per-path amplitude. However, per-path phase is indeed non-reciprocal, and needs to be fed back in an explicit way. The non-reciprocity of per-path phase may cause the amplitude to be fed back explicitly, because the composite cluster may be composed of non-resolvable multi-paths. On the other hand, the explicit feedback of channel impulse response (CIR) components have already been supported in the enhanced Type II port selection codebook in Rel-16. In this sense, the Rel-16 enhanced Type II port selection codebook can be considered as the starting point and baseline for further enhancement.
Rel-16 Type II port selection codebook which only utilizes reciprocal spatial information, i.e., angle, at the gNB side, includes delay information as a part of CSI feedback overhead. In FDD systems with reciprocal delay information, gNB can estimate the delay information from SRS which may potentially reduce the feedback overhead. Therefore, at least the CSI overhead of delay information can be omitted with the utilization of partial reciprocity.
The CSI overhead of delay information can be omitted with the utilization of partial reciprocity.
From other point of view, the performance may be improved utilizing partial reciprocity for enhanced Type II port selection codebook. As we all know, the utilization of delay information (the selection of the nonzero coefficients in time domain) may influence the CSI accuracy recovered by gNB. Potentially, the gNB may obtain more accurate and complete delay information compared to the UE’s selection in a coarse granularity and based on a lower-dimension beam-formed channel.
The performance of enhanced Type II port selection codebook may be improved by utilizing partial reciprocity.
Generally, the process of CSI acquisition with partial reciprocity can be divided into three steps which can be further studied and evaluated respectively. The first step is gNB acquiring channel information based on SRS. gNB obtains the delay and angle information by SRS measurement, whose accuracy may be influenced by the SRS configuration. The second one is CSI-RS precoding, in which the gNB applies precoding on CSI-RS with the angle information acquired from SRS and indicates the delay information to UE somehow. This is an important enhancement to reduce CSI overhead and improve the accuracy of delay information. Also, the method to choose valid taps to report can be enhanced. There could be a trade-off between the CSI overhead and performance. Finally, the third step is UE feeding back CSI based on the channel estimation of the precoded CSI-RS. There may be no delay information in the CSI feedback required or some timing information feedback to be considered.
Simulation setup and assumptions
In pre RAN1#102-e email discussion [4] potentially agreeable set of simulation assumptions is summarized, the assumptions which require further discussion are discussed here and the detailed assumptions is shown in table in Appendix.
Channel Model for FDD partial reciprocity
Channel model is the first part to be determined for simulation as it would affect the evaluation and conclusion. Following two options were considered:
Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897[5]
Opt. 2: The reciprocity model of DL/UL channel is based on Section 7.6.5 of TR 38.901[6] with different DL/UL frequency.
The first option was designed for FDD reciprocity in LTE, where the reciprocal and non-reciprocal parameters between uplink and downlink channel are directly modelled. The reciprocity model in option 1 is pretty much aligned with the observations and measurements. It can be adopted into the channel model in TP 38.901 without any complicated changes.
The second option is designed to generate channel for different carrier frequencies, which is mainly used for different carrier in the case of carrier aggregation where frequency distance is much larger than a duplexing distance in FDD band. What’s more, as noted in TR 38.901, the description of angles and delays in section 7.6.5 is conflicting with what is designed is section 7.5.
Therefore, in our view, Opt.1 can model the reciprocal and non-reciprocal channel parameters between uplink and downlink channel with little changes on top of TR 38.901. In Opt.2, the change for modeling the different carriers of carrier aggregation may have little impact for typical duplexing distance in a FDD band while the uncertainties of implementation complexity and mechanism make it less attractive.
On CSI-RS beamforming
The baseline scheme for evaluating FDD reciprocity should be enhanced Type II port selection codebook defined in Rel-16. However, there was no common understanding on CSI-RS precoding mechanism.
gNB can process CSI-RS beamforming based on oversampled DFT vectors for each polarization to adjust to the structure of Rel-16 Type II port selection codebook. The angle information from SRS according to partial reciprocity is used to process CSI-RS beamforming and the delay information is reported explicitly by UE which is the direct utilization of partial reciprocity in Rel-16 Type II port selection. This case should be the baseline to evaluate the performance and CSI feedback overhead compared to the enhancement scheme.
SRS for UL channel estimation
Assumption on SRS configuration may have impact on the performance due to beamforming information for CSI-RS is obtained by measurement of SRS. For baseline simulation, SRS periodicity and bandwidth can be assumed same as CSI-RS periodicity and bandwidth. Appropriate assumptions on SRS and CSI-RS configuration should be considered in evaluations. 
For error modeling of SRS measurement in FDD, a simple model as in Table A.1-2 in TR 36.897 can be considered. The path loss should be replaced by coupling loss to reflect the influence of small-scale parameters, shadow fading and Outdoor-to-indoor interference and the constant delta given in TR 36.897 can be taken as baseline.
Following assumptions should be taken into account for evaluation 
The reciprocity model of DL/UL channel based on Section 5.3 of TR 36.897 is adopted for modelling reciprocity in FDD.
Rel-16 port selection Type II Codebook is the baseline for performance and overhead evaluation. 
CSI-RS beamforming mechanism based on oversampled DFT vectors with angle information according to partial reciprocity is used as baseline.
Same SRS periodicity and configuration as CSI-RS is assumed as baseline. Use Table A.1-2 in 36.897 for error modeling of SRS with the constant delta and replacing path loss to coupling loss.

Tap indication by gNB
In the case of partial reciprocity, the angle and delay information are both reciprocal even for FDD system while the existing port selection codebook only uses the angle information with CSI-RS beamforming and ignores the delay information which can be estimated by gNB. Generally, the delays of all the paths are reciprocal between uplink and downlink channel. After sampling, the delays of all taps are also reciprocal. For each tap, even if the amplitude and phase are different between uplink and downlink channel, the tendency of amplitude is reciprocal, which means the delay of the top several strongest taps are also reciprocal.
Now that gNB has gotten the delay information from SRS, gNB can search for the several strongest taps and indicate them to UE. Then UE does not need to do complete IDFT transform to find the strong taps and report their delays. There are several benefits for this method. First, the dimension of the channel obtained by gNB is larger than the channel measured by UE after CSI-RS beamforming. Without beamforming, gNB can get more accurate delay information, which can improve the performance. Also, the delay information estimation by gNB from SRS could be elaborate granularity in frequency domain. So gNB can process IDFT transform and find the more accurate taps. What’s more, UE does not need to report i1,5, i1,6 and i1,8 to reduce the CSI feedback overhead. In addition, the calculation of UE is simpler because there is no IDFT transforming and tap searching for UE. The only thing UE needs to do is to compute the coefficients of the taps gNB indicates.
The result of simulation is shown below from which we can draw that the CSI overhead is less for sure. As for the performance, no matter the SRS estimation is ideal or non-ideal, positive gain for R = 2 and negative gain for R = 1 are achieved. Considering the influence of severe interference to SRS estimation, the performance is worse than ideal SRS modeling. The degradation of lower RU is slight while the damage to higher RU is intolerable because the SINR of SRS is exactly low due to more SRSs may collide in the higher RU cases, about -14dB. Whether the SRS error modeling is reasonable needs further study. This is the preliminary simulation where the SRS configuration is the same as CSI-RS. In fact, the SINR of SRS is not so low with abundant SRS configuration and power boosting, so this tap indicating by gNB can be further studied and evaluated to improve the performance.
The performance of gNB indication by ideal SRS estimation can be improved with marginal gain at least when R = 2 and the CSI feedback overhead decreases.
The severe SRS interference can degrade the performance severely.
Result of gNB indication with lower RU.
	SRS estimation
	R
	Partial reciprocity Scheme
	Average throughput gain (%)
	CSI feedback overhead saving (bits)

	Ideal modeling
	2
	UE report
	0
	0

	
	
	gNB indication with the strongest layer
	0.77
	-9

	
	
	gNB indication with all layers
	0.86
	

	
	1
	UE report
	0
	0

	
	
	gNB indication with the strongest layer
	-1.41
	-8

	
	
	gNB indication with all layers
	-1.51
	

	Error modeling with severe interference
	2
	UE report
	0
	0

	
	
	gNB indication with the strongest layer
	-0.28
	-9

	
	
	gNB indication with all layers
	0.22
	

	
	1
	UE report
	0
	0

	
	
	gNB indication with the strongest layer
	-1.79
	-8

	
	
	gNB indication with all layers
	-1.76
	



Result of gNB indication with Higher RU.
	SRS estimation
	R
	Partial reciprocity Scheme
	Average throughput gain (%)
	CSI feedback overhead saving (bits)

	Ideal modeling
	2
	UE report
	0
	0

	
	
	gNB indication with the strongest layer
	2.5
	-9

	
	
	gNB indication with all layers
	2.8
	

	
	1
	UE report
	0
	0

	
	
	gNB indication with the strongest layer
	-3.4
	-8

	
	
	gNB indication with all layers
	-3.6
	

	Error modeling with severe interference
	2
	UE report
	0
	0

	
	
	gNB indication with the strongest layer
	-9.7
	-9

	
	
	gNB indication with all layers
	-6.4
	

	
	1
	UE report
	0
	0

	
	
	gNB indication with the strongest layer
	-18.2
	-8

	
	
	gNB indication with all layers
	-22.8
	



The mechanism of tap selection in the simulation is the simplest method that several strongest taps are selected. Now that the tap selection is processed at BS side, more effective methods can be utilized and more flexible tap number and location can be set to sufficiently utilize the information obtained by the gNB. This may improve the performance in a certain degree.
The performance of gNB indication and the trade-off among performance, CSI feedback overhead and CSI-RS port number can be further studied and evaluated, including but not limited in
The accuracy of SRS estimation
The mechanism to select taps
The beams used to select taps
Flexible taps number and location
The robustness of BS indication
Other issues for further study
SRS configuration
For partial reciprocity, SRS is used to get the reciprocal angles and delays. The orthogonal beams gNB selects may change slower than channel fading. So, the period of SRS may be larger than CSI-RS. Specifically, the period of gNB searching orthogonal beams may be larger. It means that the gNB can use the same orthogonal beams to process CSI-RS precoding in a spell. This can reduce the overhead of SRS and the computation amount of gNB. The influence of the SRS period to throughput performance needs to be studied and evaluated further.
As we all know, the larger bandwidth in frequency domain is, the more accurate delay information in time domain is. And the higher SRS density is in frequency, the wider delay can be captured in time domain. So, different SRS bandwidth and density and even the location of SRS may influence the delay information gNB gets, which may influence the final throughput performance. In the preliminary simulation and evaluation above, SRS is configured the same bandwidth and density as CSI-RS. The influence of the bandwidth and density of SRS to throughput result needs to be studied and evaluated further.
Also, generally, SRS may not influence the selection of orthogonal beams, because SRS refactors the information of frequency domain and each SRS has all the information of spatial domain. The accuracy of orthogonal beams selection, however, may be influenced by the number of SRS or even the location of SRS for frequency selective fading channel. For lower SRS density, the coarse granularity may cause many paths compose one cluster and the beam information may be inaccurate. Therefore, it is also necessary to study and evaluate the influence of SRS to the selection of orthogonal beams to make sure whether the influence is sustainable.
The influence of SRS to performance needs to be further studied and evaluated including
The influence of SRS period to delay information
The influence of SRS bandwidth and density to delay and angle information
Timing difference between gNBs and UEs
Generally, the delay of each path is reciprocal between uplink and downlink channel. However, there may be some difference between the delays UE estimates and the delays gNB estimates because UE may receive signals a little beforehand to make sure all paths can be received. Therefore, the delay of each path at UE side and the corresponding one at gNB side may have a difference of several sample points. Also, the number of sample points at gNB side and UE side may be different, which can cause the difference between delays at gNB side and UE side. Therefore, it is important to process timing calibration first to make sure the gNB and UE have the same comprehension of delay. 
To solve this problem, the timing calibration may be processed periodically. For example, gNB processes CSI-RS precoding with CDD to make the delay of the strongest path zero. Then, UE detects the strongest path around zero delay and computes the difference of the strongest path delay and zero delay. Finally, UE can compensate the difference when reporting the coefficients of the taps gNB indicates. There may be some other advanced method to compensate the difference of delay and the evaluation should be conducted on this aspect further.
The impact of timing difference between gNB and UE should be further evaluated and studied. 
CSI-RS beamforming mechanism
For channels with dual polarization TX antennas, the beamforming coefficients on each polarization combine together to form a final layer in the precoder used for scheduling. Because gNB has already received the complete angle information on each polarization, gNB can process CSI-RS beamforming for both polarizations and UE can select orthogonal beams from them. Oversampled DFT can search the strongest beams per polarization but cannot find the phase difference between the two polarization. SVD beamforming, however, is the real refactor of channel fading matrix, which can be used to calculate beamforming vectors for gNB. In this way, the candidate beams from which UE selects can be more similar to the real channel, which means less CSI-RS ports and less or even no beam report from the UE because UE can directly use the orthogonal beams gNB selected. Therefore, further study of SVD method can be considered to improve the performance and reduce CSI overhead and beamformed CSI-RS ports.
SVD method for CSI-RS beamforming can be further studied and evaluated to improve the performance and reduce CSI overhead and CSI-RS ports.
CSI-RS density
As we know, the density of CSI-RS can influence the capturing window length of CSI-RS path in time domain. Now that gNB has already gotten the delay information, gNB can settle appropriate CSI-RS density or even CSI-RS location to assure UE estimate channel information without aliasing. Therefore, more choices of CSI-RS density and CSI-RS pattern and their influence to the performance need to be studied and evaluated.
Impact of CSI-RS density, overhead and patterns need to be further studied and evaluated.
Conclusions
In this document, we showed our considerations and simulation results concerning CSI enhancements for multi-TRP/panel transmission and partial reciprocity. Based on the discussions above, we have following observations and proposals.
1.1. 
1. The MTRP CSI feedback can be enhanced by associating multiple CSI ReportConfigs/CSI-ResourceConfigs/CSI Resource sets.
1. In Indoor Hotspot scenario, same RSRP threshold for determining MTRP transmission may cause large differences in the number of MTRP transmission UEs between FR1 and FR2.
1. At least in FR1 and non-ideal backhaul case, UE determining DPS transmission or NC-JT and feedback relevant CSI has better performance.
1. Dynamic switching between DPS and NC-JT has obvious performance gain compared to STRP for non-ideal backhaul scenarios.
1. Compared with same transmission scheme in FR1, dynamic switching between DPS and NC-JT in FR2 provide less performance gain in Indoor Hotspot.
1. Dynamic switching between DPS and NC-JT based on CSIs UE reported has performance gain also compared to STRP in ideal backhaul scenarios.
1. DPS has gains compared to STRP in FR2 for Indoor Hotspot due to weakened interference in ideal backhaul scenarios.
1. With enhanced MTRP CSI enhancement, considerable gains are observed for both non-ideal backhaul and ideal backhaul scenarios.
1. Distributed CSI-RS provides considerable gain for HST-SFN deployment.
1. The CSI overhead of delay information can be omitted with the utilization of partial reciprocity.
1. The performance of enhanced Type II port selection codebook may be improved by utilizing partial reciprocity.
1. The performance of gNB indication by ideal SRS estimation can be improved with marginal gain at least when R = 2 and the CSI feedback overhead decreases.
1. The severe SRS interference can degrade the performance severely.
1. CSI enhancement for MTRP should consider both non-ideal backhaul and ideal backhaul scenarios.
Both separate CSI reporting and joint CSI reporting should be supported.
Clarify MTRP CSI simulation assumptions on following aspects:
· Method of UE attachment to TRP considering MPUE
· CSI calculation method if UE has multiple panels connecting to multiple TRPs
· RSRP threshold determination suitable for multiple TRP connections
For non-ideal backhaul case, CSI feedback with UE’s recommendation for a preferred transmission scheme can be considered.
Support CSI enhancement for different single-DCI-based MTRP transmission schemes.
CSI enhancement of HST-SFN based on distributed CSI-RS shall be considered.
Following assumptions should be taken into account for evaluation 
The reciprocity model of DL/UL channel based on Section 5.3 of TR 36.897 is adopted for modelling reciprocity in FDD.
Rel-16 port selection Type II Codebook is the baseline for performance and overhead evaluation. 
CSI-RS beamforming mechanism based on oversampled DFT vectors with angle information according to partial reciprocity is used as baseline.
Same SRS periodicity and configuration as CSI-RS is assumed as baseline. Use Table A.1-2 in 36.897 for error modeling of SRS with the constant delta and replacing path loss to coupling loss.
The performance of gNB indication and the trade-off among performance, CSI feedback overhead and CSI-RS port number can be further studied and evaluated, including but not limited in
The accuracy of SRS estimation
The mechanism to select taps
The beams used to select taps
Flexible taps number and location
The robustness of BS indication
The influence of SRS to performance needs to be further studied and evaluated including
The influence of SRS period to delay information
The influence of SRS bandwidth and density to delay and angle information
The impact of timing difference between gNB and UE should be further evaluated and studied. 
SVD method for CSI-RS beamforming mechanism can be further studied and evaluated to improve the performance and reduce CSI overhead and CSI-RS ports.
Impact of CSI-RS density, overhead and patterns need to be further studied and evaluated.
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Appendix: Simulation parameters
SLS assumption for multi-TRP 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 multi-TRP
	Cluster
	4 neighboring TRPs for InH

	
	Maximal number of coordinating TRPs
	2

	
	Backhaul assumption
	Ideal and non-ideal

	Transmission scheme
	Baseline: STRP, transmission layer 1 or 2 per TRP
Multi-TRP: 
Alt1: DPS, transmission layer 1 or 2 per TRP
Alt2: dynamic switching between DPS and NC-JT, transmission layer 1 or 2 per TRP

	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
· For DPS: DPS CSI of recommended TRP; for DPS+NC-JT: CSI of recommended transmission scheme: DPS or NC-JT

	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
	 (8,4,2,1,1,2,4), (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



Link-level simulation assumptions
	Parameter
	Value

	Carrier frequency
	2.6GHz 

	Subcarrier spacing 
	30kHz

	Propagation condition
	CDL-D

	TRP deployment
	Ds=720m, Dmin=120m, RRH height=35m, UE height=1.5m

	Antenna configuration
	8Tx 4Rx

	TRS periodicity
	10ms, 2 slot TRS

	DMRS type
	Type 1

	Number of DMRS symbols
	1+1+1

	PDSCH mapping
	Type A, Starting symbol 2, Duration 12

	Bandwidth
	48RB

	MCS
	MCS adaptation

	Rank
	1

	UE speed
	500km/h
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