Page -2013262320
Draft prETS 300 ???: Month YYYY
[bookmark: _Ref462817227]3GPP TSG RAN WG1 #113			R1-2305765
Incheon, Korea, May 22nd – May 26th, 2023
	

Agenda Item:	9.7.1	
Source:	Panasonic
Title:	Spatial and power domain adaptation for network energy saving
Document for:	Discussion/Decision

Introduction
In RAN1 #112bis-e meeting, the agreements [1] are achieved for spatial and power domain adaptation and these are listed in the appendix. Some evaluation results to show the performance of jointly adaptation in spatial and power domain and the utilized simulation assumption are also attached in the appendix.
In this contribution, we further share our views on the signal and procedure design for spatial and power domain adaptation.
Discussion
On the general framework to support spatial and power domain adaptation
In the RAN1 #112bis-e meeting, the below agreement on the general framework to support spatial and power domain adaptation was achieved:
	Agreement
At least support A2-2, i.e. one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.
· FFS: impact on CSI processing requirement


UE side complexity, storage pressure and CSI processing requirement needs to be taken care of. Due to introducing the framework of supporting multiple CSI report sub-configurations within one CSI report configuration, UE needs to be prepared to measure and process more CSIs on top of all the legacy MIMO techniques. Although network side may benefit more from the informative CSIs with more hypothetical spatial adaptation patterns and power offsets, it is essential to keep UE side complexity within a practical level for commercialization. This can be addressed from two perspectives:
· Number of CSI report configurations and sub-configurations. In the current specification, UE may be configured up to maxNrofCSI-ReportConfigurations = 48 IE CSI-ReportConfig. This covers all the current demands of all types of CSI reports and MIMO techniques for UE to measure and process, although not necessarily at the same time. However, it still requires UE to be well prepared by setting up the proper storage and processing resource. Now we have multiple sub-configurations within one or even more CSI report configurations. The impact to UE resource reservation is obviously challenging. Although in the WID [3], it is a note saying that legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements, it is not clear on how to normalize the UE capability in the current framework. Hence, we propose to discuss how to define the limitation of the possible number of CSI report configurations and sub-configurations to properly map to legacy requirement.
· CSI processing unit (CPU) occupancy. It specifically defines the CSI processing limit in a certain period. In case there are too many CSI configured for UE to process at the same time, some CSIs would be dropped based on priority such that the UE can still manage the rest of the CSI processing but not overwhelmed to go beyond the CPU occupancy limit. With more sub-configurations within a CSI report configuration, the CPU occupancy should be discussed for the new framework. A straightforward way is to directly scale the CPU occupancy with the number of CSI sub-configurations that are indicated to report.
Proposal 1: Study how the legacy UE CSI/CSI-RS capabilities applies to the new CSI report framework with multiple sun-configurations within a report configuration.
Proposal 2: CSI dropping based on priority should be adapted to the new framework, which is capped by the CPU occupancy limit. CSI processing unit occupancy of a CSI report is scaled by the number of sub-configurations following which are indicated to report.
On the details of the new framework for CSI report, following agreement was achieved in RAN1#112bis-e meeting:
	Agreement
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity
The following bullet was not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1



On FFS how to address/minimize the additional UE complexity, potentially two assumptions of the motivation could be:
· Assumption 1: The new framework may potentially lead to higher UE complexity than legacy requirement so the UE complexity should be addressed. Under this assumption, we further emphasize on the need of Proposal 1 and 2 to manage the UE complexity requirement and UE capability.
· Assumption 2: The complexity of UE caused by the new framework is already managed within a certain requirement, e.g. from the intention of Proposal 1 and 2, the additional UE complexity is further minimized. We think this is a further optimization but could be beneficial and preferable for UE/chipset vendors. As proposed by some companies, a more structured CSI-RS resource setting for each spatial adaptation pattern associated with a certain CSI-RS resource could be considered, e.g. the antenna ports of a spatial adaptation pattern with smaller number of ports can be configured to be a subset of the ports of a spatial adaptation pattern with larger number of ports. Then the UE measurement on buffering the RS can be less complex. However, we think the benefit may not be that clear, as in CSI processing, the more complex part is the CSI quantities calculation by channel estimation and searching the best RI and PMI, in potential multiple sub-bands, and potentially the CQI for each layer in each sub-band. Therefore, whether some of the CSI-RS ports can be reused for measurement is not be a dominating factor for the total processing efforts of the CSI quantities. On the other hand, such configuration can anyway be possible by implementation with explicit port subset configuration. Therefore,
Proposal 3: UE complexity restriction should be addressed by UE capability/limitation on the number of CSI report/CSI-RS (sub-)configurations, CSI processing unit occupancy and CSI dropping.
Proposal 4: Specific restriction on the CSI-RS ports of the spatial adaptation patterns is not needed for UE complexity reduction.

On periodic CSI report using the new framework, it is not yet agreed due to the concern of UE complexity to support multiple sub-configurations, which is not dynamic to deactivate. In our view, the complexity is anyway counted by all the periodic, semi-persistent and aperiodic CSI report configured for UE to process. In the certain time duration, a periodic CSI is not different from a semi-persistent CSI once triggered in terms of the complexity. Also, there can also be multiple legacy periodic CSI reports configured for UE to measure and process, which possibly leads to the same complexity level as the new framework. Hence, we think periodic CSI report should be supported for the new framework.
Proposal 5: New framework for a CSI report config with L sub-configuration(s) should also support periodic CSI report.

On spatial/antenna domain adaptation
For Type 1 SD adaptation, the follow agreement was achieved:
	Agreement
For CSI report configuration, if L>1 in a CSI report configuration, at least the following can be included for each sub-configuration for Type 1 SD adaptation
· N1, N2 for single-panel and N1, N2, Ng for multi-panel
· FFS: details on explicit indication or implicit derivation
· Port subset indication when A1-2 is used (if A1-2 is supported)
· FFS: details on explicit indication or implicit derivation
· FFS: rank restriction
· FFS: codebook subset restriction
· FFS: supported codebook types for PMI, e.g., Type-I or Type-II
· FFS: report quantity
· FFS: reportFreqConfiguration
· FFS: Group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used
For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content



We support the explicit indication for N1, N2, Ng for each sub-configuration and port subset indication for each spatial adaptation pattern associated with the sub-configuration, which is based on RRC configuration and then DCI selection of the sub-configuration(s).
Proposal 6: Support RRC configuration for each sub-configuration and L1 indication to select/trigger sub-configuration(s) for unified approach for spatial and power domain adaptation.
We are also okay with possible rank restriction and codebook subset restriction but they all should be configurable. But whether they are part of sub-configuration or upper tier CSI report configuration can also be discussed. Our current view is that can be configurable.
Proposal 7: Rank restriction, codebook subset restriction can be configurable either for each sub-configuration or within CSI report configuration.
We are open to discuss more details on supported codebook types, Type-I or Type-II, for single or multiple panel, although so far we do not see strong need to restrict.
Report quantity can be part of either the sub-configuration or original CSI configuration. Depending on what CSI quantities network wants to acquire for which spatial adaptation pattern, some of the report quantities can be individually configured for each sub-configuration, or can be common for all the sub-configurations such that they are configured in upper tier IE CSI report configuration. This is beneficial for RRC overhead reduction.
Proposal 8: Report quantities can be configurable and could be part of either each sub-configuration or original CSI configuration.
On the PUCCH/PUSCH configuration, we also think this can be configurable within each sub-configuration, or commonly shared within the whole CSI report configuration. Depending on UE capability and uplink resource availability, network may choose to distribute CSIs in multiple reporting occasions or let UE report within one occasion in a whole batch. Thus, the configurable PUCCH/PUSCH resource can provide such flexibility.  
Proposal 9: Time/frequency resource for CSI report can be configurable and could be part of either each sub-configuration or original CSI configuration.
On how to associate NZP CSI-RS resource(s) with sub-configuration, we think it is better to utilize a unified approach for both A1-1 and A1-2. Group identity-based indication, in our understanding, only applies to A1-1.
Proposal 10: Common approach should be supported for association between NZP CSI-RS resource(s) and CSI sub-configuration(s) for A1-1 and A1-2.
For CSI report configuration for Type 2 SD adaptation, we also prefer to use a unified framework with Type 1 for less specification deviation.
Proposal 11: Common CSI report configuration framework should be supported for Type 1 and Type 2 adaptation. 

On TCI framework
Although this WI does not assume any operation of SSB beam adaptation, CSI-RS based beam adaptation is still within the scope, i.e. Type 1 adaptation can be applied for CSI-RS based beam ON/OFF and Type 2 adaptation can be applied for CSI-RS based beam characteristic adaptation, e.g. narrow/wide beam with higher/lower power adaptation. Therefore, we think both types of adaptation have impact to the TCI framework and beam management procedure, e.g., whether/how the TCI states are adapted with the trigger spatial adaptation patterns. Thus, 
Proposal 12: Start the discussion on how to handle the impact to TCI framework and beam management, e.g., whether/how the TCI states are adapted with the trigger spatial adaptation patterns.

On power domain adaptation
For power domain adaptation, the following agreement was reached in RAN1#112bis-e meeting:
	Agreement
For power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed


Regarding the first FFS bullet on impact on CSI processing requirement, in terms of the detailed calculation of CSI quantities in CSI processing, one may argue power domain adaptation brings less complexity than spatial domain adaptation. However, it may only be true if rank is limited to only a particular value. If without such restriction, with different hypothetical power offset values for PDSCH relative to CSI-RS, it is possible that different RIs are reported, which results from searching all the possible ranks even if only power offset is adapted. Therefore, for power domain adaptation, the impact on CSI processing should be equally treated with spatial adaptation pattern, i.e., the CSI processing unit occupancy shall be scaled if calculation is needed for applying multiple power offsets to a spatial adaptation pattern.
Proposal 13: For power domain adaptation, the impact from a power offset value for PDSCH relative to CSI-RS on CSI processing should be equally treated with a spatial adaptation pattern, i.e., the CSI processing nit occupancy shall be scaled if calculation is needed for applying multiple power offsets to a spatial adaptation pattern.
On the third bullet, we support to also configure power offset value between CSI-RS and SS for a spatial adaptation pattern, which is technically valid for Type 1 adaptation and essential for Type 2 adaptation. When Type 1 adaptation is applied, gNB does not need to switch the transmission power frequently with potentially large gap between the symbols/slots with and without CSI-RS, if CSI-RS power can be adapted together with PDSCH. When Type 2 adaptation is applied, the CSI-RS power will be inevitably changed due to a smaller/larger number of TxRU to virtualize a port.
Proposal 14: Within a CSI-RS resource configuration, power offset value(s) for CSI-RS relative to SS should also be supported for CSI-RS resource configuration, for both Type 1 and Type 2 adaptation.
On the details of how to configure power offset values, below agreement was reach, and our view is as follow.
	Agreement
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration, 
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.


 
Regarding the power offset value configuration and association with spatial adaptation pattern:
· A1-1-revised-power: A resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern. One or more power offset values are configured for the resource set.
· If power offset value and spatial adaptation pattern associated is RRC configured, one power offset is configured for each resource/spatial adaptation pattern. L1 indication then selects the spatial adaptation pattern(s).
· If power offset value and spatial adaptation pattern associated is L1 indicated, L1 indication provides the power offset values for each selected/triggered CSI-RS resource/spatial adaptation pattern.
· A1-2-revised-power: One or more resources can be configured in a resource set within a resource setting, and each resource can be associated with more than one spatial adaptation patterns. One or more power offset values are configured for the resource set.
· If power offset value and spatial adaptation pattern associated is RRC configured, one power offset is configured for each spatial adaptation pattern. L1 indication then selects the spatial adaptation pattern(s).
· If power offset value and spatial adaptation pattern associated is L1 indicated, L1 indication provides the power offset values for each selected/triggered spatial adaptation pattern.
It looks to us that the A1-2-power in the agreement can support both A1-1-revised-power and A1-2-revised-power. Thus, on the details of how the different power offset values(s) are configured/indicated:
Proposal 15: A1-2-power is already able to support below approaches for power offset value(s) configuration/indication, which can be proposed to be further studied:
· A1-1-revised-power: A resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern. One or more power offset values are configured for the resource set.
· If power offset value and spatial adaptation pattern associated is RRC configured, one power offset is configured for each resource/spatial adaptation pattern. L1 indication then selects the spatial adaptation pattern(s).
· If power offset value and spatial adaptation pattern associated is L1 indicated, L1 indication provides the power offset values for each selected/triggered CSI-RS resource/spatial adaptation pattern.
· A1-2-revised-power: One or more resources can be configured in a resource set within a resource setting, and each resource can be associated with more than one spatial adaptation patterns. One or more power offset values are configured for the resource set.
· If power offset value and spatial adaptation pattern associated is RRC configured, one power offset is configured for each spatial adaptation pattern. L1 indication then selects the spatial adaptation pattern(s).
· If power offset value and spatial adaptation pattern associated is L1 indicated, L1 indication provides the power offset values for each selected/triggered spatial adaptation pattern.

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Study how the legacy UE CSI/CSI-RS capabilities applies to the new CSI report framework with multiple sun-configurations within a report configuration.
Proposal 2: CSI dropping based on priority should be adapted to the new framework, which is capped by the CPU occupancy limit. CSI processing unit occupancy of a CSI report is scaled by the number of sub-configurations following which are indicated to report.
Proposal 3: UE complexity restriction should be addressed by UE capability/limitation on the number of CSI report/CSI-RS (sub-)configurations, CSI processing unit occupancy and CSI dropping.
Proposal 4: Specific restriction on the CSI-RS ports of the spatial adaptation patterns is not needed for UE complexity reduction.
Proposal 5: New framework for a CSI report config with L sub-configuration(s) should also support periodic CSI report.
Proposal 6: Support RRC configuration for each sub-configuration and L1 indication to select/trigger sub-configuration(s) for unified approach for spatial and power domain adaptation.
Proposal 7: Rank restriction, codebook subset restriction can be configurable either for each sub-configuration or within CSI report configuration.
Proposal 8: Report quantities can be configurable and could be part of either each sub-configuration or original CSI configuration.
Proposal 9: Time/frequency resource for CSI report can be configurable and could be part of either each sub-configuration or original CSI configuration.
Proposal 10: Common approach should be supported for association between NZP CSI-RS resource(s) and CSI sub-configuration(s) for A1-1 and A1-2.
Proposal 11: Common CSI report configuration framework should be supported for Type 1 and Type 2 adaptation. 
Proposal 12: Start the discussion on how to handle the impact to TCI framework and beam management, e.g., whether/how the TCI states are adapted with the trigger spatial adaptation patterns.
Proposal 13: For power domain adaptation, the impact from a power offset value for PDSCH relative to CSI-RS on CSI processing should be equally treated with a spatial adaptation pattern, i.e., the CSI processing nit occupancy shall be scaled if calculation is needed for applying multiple power offsets to a spatial adaptation pattern.
Proposal 14: Within a CSI-RS resource configuration, power offset value(s) for CSI-RS relative to SS should also be supported for CSI-RS resource configuration, for both Type 1 and Type 2 adaptation.
Proposal 15: A1-2-power is already able to support below approaches for power offset value(s) configuration/indication, which can be proposed to be further studied:
· A1-1-revised-power: A resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern. One or more power offset values are configured for the resource set.
· If power offset value and spatial adaptation pattern associated is RRC configured, one power offset is configured for each resource/spatial adaptation pattern. L1 indication then selects the spatial adaptation pattern(s).
· If power offset value and spatial adaptation pattern associated is L1 indicated, L1 indication provides the power offset values for each selected/triggered CSI-RS resource/spatial adaptation pattern.
· A1-2-revised-power: One or more resources can be configured in a resource set within a resource setting, and each resource can be associated with more than one spatial adaptation patterns. One or more power offset values are configured for the resource set.
· If power offset value and spatial adaptation pattern associated is RRC configured, one power offset is configured for each spatial adaptation pattern. L1 indication then selects the spatial adaptation pattern(s).
· If power offset value and spatial adaptation pattern associated is L1 indicated, L1 indication provides the power offset values for each selected/triggered spatial adaptation pattern.
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Appendix
Agreements from RAN1#112bis-e meeting:
Agreement
Define necessary enhancements to support both types of spatial adaptation cases (as defined in RAN1#112) in Rel-18.
· Note: This does not imply explicit definition in specifications for adaptation types.
· Note: This does not imply explicit specification changes are made for both cases

Agreement
Support configurability of NZP CSI-RS resource(s) for channel measurement within one resource setting corresponding to more than one spatial adaptation patterns with at least one of the following
· A1-1-revised: a resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
· One or more resources can be configured in the resource set for channel measurement.


Agreement
At least support A2-2, i.e. one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.
· FFS: impact on CSI processing requirement

Agreement
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity
The following bullet was not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1

Conclusion
New CSI-RS resource (RE mapping) pattern is not introduced for R18 network energy savings purpose.
· Note: CSI-RS resource (RE mapping) pattern above refers to a row in TS 38.211 Table 7.4.1.5.3-1 determining CSI-RS locations within a slot.

Agreement
For power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed


Agreement
· For CSI feedback with CSI overhead/report payload reduction, further study whether/how to report a common value and/or a differential and/or joint coded value across same CSI quantity of different sub-configurations/adaptation patterns, at least for the following
· CRI
· RI
· PMI
· CQI
· FFS: L1-RSRP
· Other (new) report quantity, if any
· Further study whether/how it is feasible/possible for the UE to skip the evaluations of some sub-configurations/adaptation patterns to reduce the burden at the UE



Agreement
For CSI report configuration, if L>1 in a CSI report configuration, at least the following can be included for each sub-configuration for Type 1 SD adaptation
· N1, N2 for single-panel and N1, N2, Ng for multi-panel
· FFS: details on explicit indication or implicit derivation
· Port subset indication when A1-2 is used (if A1-2 is supported)
· FFS: details on explicit indication or implicit derivation
· FFS: rank restriction
· FFS: codebook subset restriction
· FFS: supported codebook types for PMI, e.g., Type-I or Type-II
· FFS: report quantity
· FFS: reportFreqConfiguration
· FFS: Group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used
For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content

Agreement
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration, 
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.



Working Assumption
Al-1-revised and A1-2-revised are supported
· FFS: Which Type of SD adaptation A1-1-revised and A1-2-revised are applicable for

Agreement
For R18 NES, only legacy port configuration values (N1, N2) or (Ng, N1, N2) are supported.
· FFS: Whether/what restriction for A1-1-revised and A-1-2-revised w.r.t number of ports

Agreement
For Semi-persistent/Aperiodic CSI reporting with , study what enhancements to the current DCI and MAC-CE mechanisms are needed for gNB triggering/indication/activation of the N CSI(s) in a reporting instance, where the N CSI(s) are associated with N sub-configuration(s) from L in a report config.



Evaluations results of spatial and power domain joint adaptation
Table.1 shows evaluation results of spatial and power domain joint adaptation. The simulation assumptions are in Table.2, 3 and 4, which is based on [2].
Table.1 Evaluation of the network energy saving gain of power and spatial domain adaptation
	Simulated cases of power and antenna domain adaptation
	load
	Energy saving gain [%]
	UPT loss [%]
	Latency increase [%]

	
	
	category 1
	category 2
	Average
	50%
	Average
	50%

	Tx power 0 dB offset, Tx/Rx 8*2
	8.13
	0.00 
	0.00 
	0.00
	0.00
	0,0 
	0.00

	Tx power 0 dB offset, Tx/Rx 4*2
	10.35
	5.37 
	6.16 
	16.79
	20.62
	22,4 
	7.34

	Tx power 0 dB offset, Tx/Rx 2*2
	13.61
	12.36 
	13.44 
	31.41
	34.01
	45,5 
	20.73

	Tx power -3 dB offset, Tx/Rx 8*2
	9.95
	3.13 
	3.43 
	7.10
	9.94
	14,8 
	0.67

	Tx power -3 dB offset, Tx/Rx 4*2
	12.51
	8.78 
	9.74 
	24.06
	27.60
	34,7 
	14.20

	Tx power -3 dB offset, Tx/Rx 2*2
	16.15
	17.15 
	18.27 
	38.25
	40.02
	63,9 
	33.85

	Tx power -6 dB offset, Tx/Rx 8*2
	11.76
	5.65 
	6.05 
	16.53
	22.57
	26,9 
	6.93

	Tx power -6 dB offset, Tx/Rx 4*2
	15.33
	12.92 
	13.77 
	31.47
	33.68
	47,5 
	20.32

	Tx power -6 dB offset, Tx/Rx 2*2
	19.2
	22.59 
	23.59 
	45.22
	46.20
	75,3 
	40.58




Table.2 Basic SLS simulation assumption
	Set 2 FR1

	Duplex
	FDD

	System BW
	20 MHz

	SCS
	15 kHz

	Number of TRP
	1

	Total number of DL TX RUs
	8, 4, 2

	Total DL power level
	43, 46, 49 dBm

	Total number of UL Rx RUs
	2



Table.3 Other more detailed parameters of simulation assumption
	Parameters based on Set 2 with some change


	Channel model
	3D-Uma as in TR 38.901 (low-loss O2I penetration model)

	Percentage of high loss and low loss building type
	100% low loss

	Device deployment
	80% indoor, 20% outdoor

	Inter-site distance
	500m

	Network Topology
	7*3 Sector

	Carrier Frequency
	2.1GHz

	Multiple access
	OFDMA

	Duplexing
	FDD

	Numerology
	15KHz,
14 OFDM symbol slot

	Guard band ratio on simulation bandwidth
	FDD: 6.4% (104RB for 15kHz SCS and 20 MHz BW)

	UT attachment
	Based on RSRP

	Wrapping around method
	Geographical distance based wrapping

	Traffic model
	Follow previous RAN1 agreements

	BS antenna height
	25 m

	BS noise figure
	5 dB

	BS antenna element gain
	14 dBi

	UE noise figure
	9 dB

	UE antenna element gain
	0 dBi

	UE antenna height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height

	Modulation
	Up to 64 QAM

	Transmission scheme
	SU-MIMO

	SU dimension
	For 4Rx: Up to 4 layers

	DL CSI measurement
	Non-precoded CSI-RS  based

	DL codebook
	Type I codebook

	CSI feedback
	Delay: 3slot

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Ideal

	HARQ scheme
	Ideal

	Max HARQ retransmission
	3

	Target BLER
	10% of first transmission



Table.4 Traffic model used in the simulation
	Traffic type
	FTP 

	Model
	FTP model 3

	Packet size
	0.5 Mbytes

	Mean inter-arrival time
	200 ms
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