


3GPP TSG RAN WG1 meeting #112		                                   R1-2300372
Athens, Greece, Feb. 27th – Mar. 3rd, 2023
Title: 	Discussion on NES techniques in spatial and power domains
Source: 	ZTE, Sanechips
Agenda item:	9.7.1
Document for:	Discussion and decision
1. [bookmark: _Ref27419]Introduction
In RAN#98 meeting, the objectives of the work item of network energy saving in spatial and power domain are as the following [1]:
	3.Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements


In this paper, the enhanced CSI measurement/ reporting and dynamic indication for spatial and power domain adaptation are discussed. 
2. Consideration of design of energy saving techniques
In study item, comprehensive evaluation of network energy saving techniques in multiple domains were provided. Based on the evaluation results, the techniques in different domains will be specified in the WI phase. Among these techniques, we should firstly discuss the criteria for choosing the best techniques.
Obviously, NW energy saving (NES) gain is the most important KPI to compare the energy saving techniques, i.e., the NES gain must be attractive. Besides, from the network perspective, the impacts on system performance should be minimized. Therefore, the balance between system performance and ESG should be considered when comparing the energy saving techniques. 
[bookmark: _Toc6891][bookmark: _Toc27441][bookmark: _Toc127521798]The balance between system performance and NES gain should be considered when comparing the energy saving techniques
To achieve the purpose of network energy saving via spatial/power domain adaptation with minimal impact on system performance, a reasonable implementation at gNB side is to perform the adaptation based on the traffic and CSI. For example, if a large data package arrives or channel condition deteriorates, gNB needs to turn on the TxRUs and schedule the data as soon as possible so that the UPT will not be decreased. In another case, if a small data package arrives and channel status is good enough, gNB can schedule the data with reduced number of TxRUs, which has no impact on the system performance and provides network energy saving benefits. Therefore, CSI is critical to achieve the balance between NES gain and system performance.
[bookmark: _Toc127521875][bookmark: _Toc19875]CSI is critical to achieve the balance between NES gain and system performance.
According to WID, the NES techniques in spatial and power domains are only applied to UE specific channels/signals. However, whether the number of spatial elements of CSI-RS can be dynamically adapted still needs clarification.
(1) CSI-RS resource is not impacted by the gNB adaptation.
If the CSI-RS transmission at a certain CSI-RS resource is not affected (i.e., number of antenna elements is not changed) by the gNB adaptation, the CSI report is not impacted, either. So that the CSI reported by UE can be fully utilized by network as assistance information. In this sense, gNB can configure multiple CSI-RS resources which correspond to different number of ports. UE can report multiple CSI to gNB, which are beneficial for gNB to adapt the antenna elements for energy saving or data transmission.
If gNB has adequate CSI of different number of antenna elements to adaptively and timely schedule various data packages without requiring a new CSI report, the latency of data transmission will not be increased. For example, as shown in Figure 1, UE is configured to report CSI of 32 ports and 16 ports. If a small data package arrives, gNB can change the antenna configuration from 32TxRUs to 16TxRUs for the data transmission immediately. While for a large packet, gNB can schedule the data with increased TxRUs and proper MCS, etc., based on the reported CSI. Hence, system performance and UEs’ experiences are not degraded due to network energy saving operations.
[image: ]
Figure 1 Data transmission with multiple CSI reports
(2) CSI-RS resource is impacted by the gNB adaptation
If the number of antennas for CSI-RS is changed dynamically, the CSI reported before the adaptation will not be suitable for the data scheduling after adaption. If the inaccurate CSI is used to schedule data, the data may not be received successfully and retransmission is needed. If CSI reported before an adaptation is not used, UE needs to report new CSI for data transmission, which may increase the transmission delay.
An example is shown in Figure 2 as below. If gNB changes the antenna configuration from 32TxRUs to 16TxRUs for energy saving and gNB needs to schedule data after antenna switching, gNB should request CSI report first, then schedule the data. This procedure will increase the latency and degrade system performance.
[image: ]
Figure 2 Impact of CSI-RS adaptation on data transmission
Moreover, if the number of antennas for CSI-RS transmission is reduced, the transmission power and coverage will be degraded. In this case, the cell-edged UEs cannot detect CSI-RS and will seriously affect the user experience. Additionally, compared with data transmission, the time/frequency resources occupied by CSI-RS is much smaller. Therefore, the additional energy saving gain will be minimal if the antenna adaptation is applied to CSI-RS.
[bookmark: _Toc127521876][bookmark: _Toc28562][bookmark: _Toc23290][bookmark: _Toc6214][bookmark: _Toc14218][bookmark: _Toc14943]The drawbacks of dynamic change of the number of antennas for CSI-RS is as below
· [bookmark: _Toc27336][bookmark: _Toc127521877][bookmark: _Toc11931][bookmark: _Toc17583][bookmark: _Toc8865]Transmission latency will be increased due to the out-of-state CSI report after the adaptation.
· [bookmark: _Toc28772][bookmark: _Toc28431][bookmark: _Toc15868][bookmark: _Toc11938][bookmark: _Toc30888][bookmark: _Toc127521878]Coverage of cell-edged UEs will be seriously affected.
· [bookmark: _Toc127521879][bookmark: _Toc6344]Additional network energy saving gain is minimal
[bookmark: _Toc11122][bookmark: _Toc136][bookmark: _Toc32444][bookmark: _Toc127521799]The CSI-RS resources should not be affected by network adaptation.
3. Discussion on CSI related procedure enhancement in spatial domain
In RAN#98 meeting, it is agreed to specify network energy saving techniques in spatial domain. Basically, dynamic adapt the number of antenna elements to match the requirement of traffic can achieve energy saving. 
During SI phase, the following two types of enhancements of CSI measurement and reporting were proposed.
· Multi-CSI report
· Dynamic adaptation of CSI resource/report
Since the number of antenna ports of PDSCH transmission can be dynamically indicated via scheduling DCI with the legacy specification, the difference between the two types of enhancements is whether the antenna adaptation is applied to CSI-RS resource. For enhanced multi-CSI report, the NW antenna elements don’t need to dynamically switch on/off for CSI-RS, while for dynamic adaptation of CSI resource/report, the antenna adaptation should be applied to CSI-RS. And the pros and cons of whether to apply the antenna adaptation to CSI-RS have be analyzed in section 2.
As discussed above, it is helpful for gNB to obtain CSI reports for different number of ports. If gNB can obtain more CSI report of different number of ports, it has more choices about the antenna adaptation with a finer granularity to fit to various traffic loads and achieve the balance between the network energy saving gain and system performance.
[bookmark: _Toc127521880][bookmark: _Toc21390][bookmark: _Toc21071][bookmark: _Toc17867][bookmark: _Toc28230]Supporting multiple CSI reports for different number of ports is beneficial to NW energy saving with flexible antenna elements adaptation and has less impact on system performance.
3.1. Multi-CSI report for different number of antenna ports
3.1.1. Reporting multiple CSI using current specification
According to the current specification, UE can be configured with multiple CSI report configurations (CSI-ReportConfig). To acquire multiple CSI report via the legacy specification, the numbers of ports associated with the different CSI report configurations can be set to different values. Then UE can report CSI of different number of ports separately in different CSI reports.
However, the maximum number of CSI-ReportConfig configured for a UE in a BWP is limited by UE capability. For example, the maximum number of periodic CSI report per BWP is 4. The flexibility of CSI report configuration for different purposes will be limited if most CSI reports are used for network antenna adaptation. 
[bookmark: _Toc30784][bookmark: _Toc3953][bookmark: _Toc4672][bookmark: _Toc20035][bookmark: _Toc29998][bookmark: _Toc127521881]The flexibility of CSI report configuration will be limited if most CSI reports are used for antenna adaptation.
Moreover, the number of ports of CSI-RS includes 8 values, i.e., {1, 2, 4, 8, 12, 16, 24, 32}. The channel states associated with different number of antennas are different. Therefore, if gNB has more CSI about different number of ports, it has more choices to adapt the antenna. The limited number of CSI reports for different number of ports also reduce the flexibility of antenna adaptation.
[bookmark: _Toc26519][bookmark: _Toc127521882][bookmark: _Toc4431][bookmark: _Toc8970][bookmark: _Toc10143][bookmark: _Toc19366]The limited number of CSI reports of different number of ports will limit the flexibility of antenna adaptation.
In addition, if each CSI report includes RI, CQI, PMI, LI, etc., the UCI overhead of legacy multiple CSI reports for different number of ports will be large.
[bookmark: _Toc127521883][bookmark: _Toc4098][bookmark: _Toc19955][bookmark: _Toc8104][bookmark: _Toc15957][bookmark: _Toc5888]The UCI overhead is large if UE needs to report multiple CSI for different number of ports based on legacy specification.
On the other hand, to facilitate the utilization of various CSI of different numbers of ports by the gNB, the time locations of the CSI-RS resources of different number of ports should be restricted in a small duration. It will be better if the multiple CSI-RS resources are transmitted simultaneously. 
[bookmark: _Toc19696][bookmark: _Toc127521800][bookmark: _Toc16744][bookmark: _Toc22626]Latency impact and signaling overhead should be considered if multiple CSI reports are supported.

3.1.2. Enhanced multi-CSI report
The main purpose of enhanced multi-CSI report is to enable UE to report multiple CSI in one CSI report, where the multiple CSI is derived from different number of ports. One solution is to support one CSI-ReportConfig with multiple CSI-RS resources configured with different numbers of ports. However, it will increase CSI-RS overhead since gNB needs to transmit multiple CSI-RS resources. To minimize the CSI-RS overhead and the impact of other factors, such as interference among different CSI-RS resources, an enhanced solution is to generate multi-CSI report based on the same CSI-RS resource.
Another benefit of enhanced multi-CSI report is UCI signaling overhead reduction. If UE needs to report X CSI reports for different number of ports, the overhead is X times that of a single CSI report. If multiple CSI is reported in one CSI report, the UCI overhead can be reduced by proper design, e.g., joint coding.
In summary, enhanced multi-CSI report can provide accurate CSI for antenna adaptation compared with single CSI report. The advanced information can help gNB to precisely schedule data with reduced number of antennas.
Compared with report multiple CSI in multiple reports, enhanced multi-CSI report can also reduce the signaling overhead without sacrificing the flexibility of antenna adaptation.
[bookmark: _Toc7033][bookmark: _Toc19478][bookmark: _Toc15569][bookmark: _Toc2149][bookmark: _Toc13435][bookmark: _Toc127521884]The benefits of enhanced multi-CSI report include the following:
· [bookmark: _Toc14472][bookmark: _Toc27497][bookmark: _Toc127521885][bookmark: _Toc16889][bookmark: _Toc10283][bookmark: _Toc11287]Providing assistance information for flexible antenna adaptation;
· [bookmark: _Toc5802][bookmark: _Toc26023][bookmark: _Toc127521886][bookmark: _Toc57][bookmark: _Toc21226][bookmark: _Toc25382]Low latency;
· [bookmark: _Toc28724][bookmark: _Toc127521887][bookmark: _Toc11462][bookmark: _Toc15817][bookmark: _Toc14224][bookmark: _Toc16719]Low signaling overhead.
[bookmark: _Toc29845][bookmark: _Toc127521801][bookmark: _Toc7886][bookmark: _Toc19062]Multi-CSI report should be considered for network spatial adaptation.

3.1.3. Evaluation results of multi-CSI report
In this section, the evaluation results of dynamic adaptation of antenna with multi-CSI report and dynamic adaptation of antenna with single CSI report are provided. FTP3 with 20KByte packet size is used. The simulation assumptions are provided in Appendix.
In dynamic adaptation of antenna with single CSI report simulation, the gNB can dynamically change the TxRU among {64TxRUs, 32TxRUs} based on the reported CSI. UE reports 64 ports CSI or 32 ports CSI for 64TxRU or 32TxRU, respectively.
In dynamic adaptation of antenna with multi-CSI report simulation, the CSI of {64ports, 32ports, 16ports, 8ports} are reported, the gNB can dynamically change the TxRU among {64TxRUs, 32TxRUs, 16TxRUs, 8TxRUs} for PDSCH transmission based on the multi-CSI.

Figure 3 Simulation results for spatial domain

According to simulation results in Figure 3, multi-CSI report provides 17.36% ESG compared with single CSI report in spatial domain. And multi-CSI report has less UPT loss than single CSI report.
[bookmark: _Toc1604][bookmark: _Toc127521888][bookmark: _Toc11112][bookmark: _Toc1477][bookmark: _Toc7715]Multi-CSI report provides 17.36% ESG compared with single CSI report in spatial domain.
3.2. Dynamic adaptation of CSI-RS resource/report
3.2.1. Dynamic adaptation of CSI-RS resource/report
In current specification, the CSI-RS resource and CSI report are configured by RRC signaling, while the spatial information of PDSCH are dynamically indicated via scheduling DCI. Therefore, current specification does not support fast antenna adaptation for CSI resource/report. For dynamic adaptation of NW in spatial domain, it means the NW antenna adaptation is also applied to the CSI-RS. The drawbacks of dynamic adaptation of CSI-RS transmission are discussed in section 2. 
Further, if dynamic adaptation of CSI-RS resource/report is supported, the following issues need to be discussed.
Issue 1: Indicated information for dynamic adaptation. For example, the indication information can be activation/deactivation of CSI-RS resource and/or CSI report, number of beams/antenna ports, CSI-RS group information, etc.
Issue 2: Signaling to convey the indication. Considering the NW antenna adaptation will impact all UEs in the cell, group common signaling for the dynamic indication is a good choice.
4. Discussion on the impact of spatial domain adaptation on beam management
Normally, UEs measure L1-RSRP/L1-SINR based on SSB and/or CSI-RS for beam management. As discussed in previous sections, the transmission of CSI-RS should not be affected by the energy saving techniques in spatial domain considering that the latency, system performance and the energy saving gain. In this sense, the CSI measurement for L1-RSRP are not affected, either. Therefore, beam management procedure is not impacted.
[bookmark: _Toc127521889][bookmark: _Toc21794][bookmark: _Toc24116][bookmark: _Toc25157][bookmark: _Toc23974] The beam management procedure is not be affected if spatial element adaptation is not applied to CSI-RS. 
Besides, for the CSI-RS resources configured for L1-RSRP and L1-SINR computation, the UE can only be configured with the same number (1 or 2) of ports for all CSI-RS resources within the CSI-RS resource set. Therefore, even the dynamic antenna port adaptation is used for network energy saving, the antenna port configuration of CSI-RS resources used for L1-RSRP and L1-SINR computation does not need to be impacted. 
[bookmark: _Toc168][bookmark: _Toc12986][bookmark: _Toc32417][bookmark: _Toc8751][bookmark: _Toc127521890]The antenna port adaptation does not impact the antenna port configuration of CSI-RS resources for beam management even if the CSI-RS transmission is affected by the energy saving techniques in spatial domain. 
5. Discussion on CSI related procedure enhancement in power domain
The dynamic power adjustment can adapt to different channel conditions and bring gNB energy saving gain. Therefore, it is also agreed to specify network energy saving techniques in power domain. While the assumed DL power offset between PDSCH and CSI-RS (configured by powerControlOffset) in current specification is semi-statically configured. UE drives CSI feedback using the configured DL power offset. When dynamic power adjustment for PDSCH is used, the mismatch between the configured power offset and the adjusted power offset of PDSCH and CSI-RS will occur. 
[bookmark: _Toc22834][bookmark: _Toc9230][bookmark: _Toc10057][bookmark: _Toc24320][bookmark: _Toc127521891]When dynamic power adjustment is used, it will introduce mismatched CSI between semi-static power offset configuration and the adjusted power offsets. 
To ensure that the base station can obtain a relatively accurate CSI feedback results when dynamic power adjustment is performed, the enhancements on CSI related procedures to enable efficient adaptation of power offset values between PDSCH and CSI-RS should be considered. 
To enable efficient adaptation of power offset values between PDSCH and CSI-RS, two types of enhancements can be considered.
· Multi-CSI report with different power offsets.
· Dynamic indication of the power offsets.

5.1. Multi-CSI report with different power offsets
[bookmark: _GoBack]Obviously, when dynamically power adjustment is used, a semi-static configured power offset cannot fit to various transmission cases. Similar with the adaptation in spatial domain, the most intuitive method is to configure multiple power offsets between PDSCH and CSI-RS to match different transmission scenarios. Naturally, multiple CSI measurements with different assumed power offsets are needed and the UE can derive CSI feedback using different assumed power offsets. Based on this, enhanced CSI measurement and CSI report with multi-CSI reporting can guarantee the network obtain the proper/accurate CSI measurement results and assist the network for the dynamic transmission power adjustment.
[bookmark: _Ref8378][bookmark: _Toc23987][bookmark: _Toc19514][bookmark: _Toc127521892][bookmark: _Toc15412][bookmark: _Toc1131][bookmark: _Toc13858] Enhanced CSI measurement and CSI report with multi-CSI reporting corresponding to different power offsets are beneficial for the network to dynamically adjust transmission power.
[bookmark: _Toc21968][bookmark: _Toc127521802][bookmark: _Toc22738][bookmark: _Toc24802] Multi-CSI report with multiple assumed power offsets between PDSCH and CSI-RS should be supported.
Based on the analysis above, it can be observed that both the multi-CSI report enhancement for power domain and spatial domain have a similar purpose to provide more information for the base station, so that the base station can obtain proper and more accurate CSIs when network energy saving techniques are used, thereby ensuring that system performance of the base station is not affected. Therefore, the enhancement on power domain can use the same framework as the enhancement on spatial domain, so that the signaling design complexity can be reduced. 
[bookmark: _Toc18329][bookmark: _Toc27724][bookmark: _Toc127521803][bookmark: _Toc13957]Same framework can be used for the enhancement on power domain and the enhancement on spatial domain. 
5.2. Dynamic indication of the power offsets
Although a dynamic indication of the power offset may compensate for an inaccurate CSI feedback caused by dynamic power adjustment to some extent, frequently signaling transmission causes large signaling overheads and brings more power consumption. Therefore, the dynamic signal transmission mechanism needs to be researched with more caution.
[bookmark: _Toc20430][bookmark: _Toc8307][bookmark: _Toc127521893][bookmark: _Toc24497][bookmark: _Toc18496]Frequently signaling transmission causes large signaling overheads and brings more power consumption.
If a dynamic signaling is used to indicate the assumed power offset for CSI measurement and CSI report, the following issues can be discussed:
Issue 1: Indicated information for dynamic adaptation. For example, the indication information can be activation/deactivation of CSI-RS resource and/or CSI report, a power offset, a compensation power value which is superimposed on the configured power offset.
Issue 2: Signaling to convey the indication. To achieve efficient adaptation, group common signaling for the dynamic indication is a better choice.
5.3. Evaluation results 
In this section, the evaluation results of dynamic adaptation of transmission power of PDSCH with multi-CSI report and dynamic adaptation of transmission power of PDSCH with single CSI report are provided. FTP3 with 20KByte packet size is used. The simulation assumptions are provided in Appendix.
In dynamic adaptation of transmission power of PDSCH with single CSI report simulation, the gNB can dynamically change the maximum transmission power of PDSCH among {55dBm, 52dBm} based on the reported CSI. 
In dynamic adaptation of transmission power with multi-CSI report simulation, the CSI configured with of different power offsets are reported, the gNB can dynamically change the maximum transmission power of PDSCH among {55dBm, 52dBm, 49dBm, 46dBm} based on the multi-CSI.

Figure 4 Simulation results for Power domain
According to simulation results in Figure 4, multi-CSI report provides 7.85% ESG compared with single CSI report in power domain. And multi-CSI report has less UPT loss than single CSI report.
[bookmark: _Toc16505][bookmark: _Toc127521894][bookmark: _Toc17014][bookmark: _Toc24496][bookmark: _Toc148]Multi-CSI report provides 7.85% ESG compared with single CSI report in power domain.

6. Conclusion
In this contribution, we discuss the network energy saving techniques in spatial and power domain and have the following observations and proposals.
Observation 1: CSI is critical to achieve the balance between NES gain and system performance.
Observation 2: The drawbacks of dynamic change of the number of antennas for CSI-RS is as below
 Transmission latency will be increased due to the out-of-state CSI report after the adaptation.
 Coverage of cell-edged UEs will be seriously affected.
 Additional network energy saving gain is minimal
Observation 3: Supporting multiple CSI reports for different number of ports is beneficial to NW energy saving with flexible antenna elements adaptation and has less impact on system performance.
Observation 4: The flexibility of CSI report configuration will be limited if most CSI reports are used for antenna adaptation.
Observation 5: The limited number of CSI reports of different number of ports will limit the flexibility of antenna adaptation.
Observation 6: The UCI overhead is large if UE needs to report multiple CSI for different number of ports based on legacy specification.
Observation 7: The benefits of enhanced multi-CSI report include the following:
 Providing assistance information for flexible antenna adaptation;
 Low latency;
 Low signaling overhead.
Observation 8: Multi-CSI report provides 17.36% ESG compared with single CSI report in spatial domain.
Observation 9: The beam management procedure is not be affected if spatial element adaptation is not applied to CSI-RS.
Observation 10: The antenna port adaptation does not impact the antenna port configuration of CSI-RS resources for beam management even if the CSI-RS transmission is affected by the energy saving techniques in spatial domain.
Observation 11: When dynamic power adjustment is used, it will introduce mismatched CSI between semi-static power offset configuration and the adjusted power offsets.
Observation 12: Enhanced CSI measurement and CSI report with multi-CSI reporting corresponding to different power offsets are beneficial for the network to dynamically adjust transmission power.
Observation 13: Frequently signaling transmission causes large signaling overheads and brings more power consumption.
Observation 14: Multi-CSI report provides 7.85% ESG compared with single CSI report in power domain.

Proposal 1: The balance between system performance and NES gain should be considered when comparing the energy saving techniques
Proposal 2: The CSI-RS resources should not be affected by network adaptation.
Proposal 3: Latency impact and signaling overhead should be considered if multiple CSI reports are supported.
Proposal 4: Multi-CSI report should be considered for network spatial adaptation.
Proposal 5: Multi-CSI report with multiple assumed power offsets between PDSCH and CSI-RS should be supported.
Proposal 6: Same framework can be used for the enhancement on power domain and the enhancement on spatial domain.
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8. Appendix
Table A1 BS antenna configuration for TxRU adaptation
	Simulation case 
	Description 

	64TxRU
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); Max transmission power=55dBm

	32TxRU
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1); Max transmission power=52dBm

	16TxRU
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1); Max transmission power=49dBm

	8TxRU
	(M, N, P, Mg, Ng) = (4, 2, 2, 1, 1); Max transmission power=46dBm



Table A2 Evaluation assumptions for UMa scenario
	Parameters
	Value

	Duplex Mode / Simulation bandwidth
	TDD/100 MHz

	Scenario
	Urban Macro;
Hexagonal grid, 7 macro sites, 3 sectors per site

	Inter-BS distance
	500m

	Min. BS - UE distance
	35m

	Carrier frequency
	4GHz

	SCS
	30KHz

	TDD pattern
	DDDSU

	BS Antenna Configuration
	64Tx antenna ports, and (dH, dV) = (0.5λ, 0.8λ);
64Tx: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 4,8)
The antenna tilt is 12 degrees.

	UE Antenna Configuration
	4 Rx antenna ports, and dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);

	Total DL power level
	55dBm

	UE transmit power
	23 dBm

	Antenna Height
	25 m for BS and 1.5 m for UE

	Antenna Element Gain
	8dBi for BS and 0 dBi for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE distribution
	Uniform in cell;
80% of users are indoor, 20% of users are outdoor;
Use 3km/h for modeling fading channel

	Number of UEs per cell
	Depends on RU requirement

	Scheduling Algorithm
	SU-MIMO + PF

	HARQ/repetition
	HARQ retransmission

	Channel estimation
	Realist

	PDCCH overhead
	1/7 (2symbols per 14symbol)

	DMRS overhead
	1 symbol per 14symbol

	BS receiver
	MMSE-IRC



RU = 9%
UPT loss	
Single CSI	Mulit CSI	0.0614	0.0139	ESG	
Single CSI	Mulit CSI	0.0936	0.2672	





RU = 9%
UPT loss	
Single CSI	Mulit CSI	0.0266	0.0218	ESG	
Single CSI	Mulit CSI	0.0446	0.1231	
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