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In RANP#98 meeting, a new work item of “network energy savings for NR” is approved [1]. One objective of the work item is the following:
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 contribution, we provide our views on the potential enhancements on CSI measurement and reporting for network dynamic adaptation of spatial elements.
Discussion
A brief of legacy CSI framework
In legacy CSI framework, NR support different types of CSI reporting including periodic, semi-persistent and aperiodic reporting. In the scope of network energy saving in particular for dynamic adaptation of spatial element, the network naturally aims to collect the CSI information in different spatial element settings so that the network will be able to efficiently serving UEs according to the adapted spatial element. 
For periodic CSI measurement and reporting, the report setting and the resource setting are RRC configured, the network may naturally configures multiple report configurations corresponding to different spatial elements. To realize appropriate CSI reporting for different spatial elements, the network however needs to periodically adapt the spatial element according to the configured periodic CSI-RS resource. Not only is this inefficient, but also it may impose the scheduling restrictions. Therefore, from our understanding, periodic CSI measurement and reporting is not suitable for dynamic spatial element adaptation. 
[image: ]
Fig. 1: periodic CSI measurement and reporting for dynamic spatial element adaptation
For semi-persistent CSI measurement and reporting, although the reporting and CSI-RS resources are periodic same as periodic CSI reporting, the network can use MAC-CE or DCI to dynamically switch on/off the measurement and reporting process.  Nevertheless, once the SP-CSI reporting is activated it faces the same issue as P-CSI reporting. Thus, from our view, semi-persistent CSI measurement and reporting is also not suitable for dynamic spatial element adaptation. 
For aperiodic CSI measurement and reporting, the reporting setting is associated with trigger state. A UE can be configured with a set of trigger state, each being associated with different spatial element. The network may dynamically trigger a trigger state and the UE performs CSI measurement and reporting when receives the trigger DCI. In this sense, the aperiodic CSI measurement and reporting is the most suitable operation for the case of dynamic spatial element adaptation. 
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Fig. 2: aperiodic CSI measurement and reporting for dynamic spatial element adaptation

Enhancements in NWES
In RAN1#112 meeting, RAN1 has discussed the potential enhancement on the CSI resource configuration and report configuration and eventually RAN1 has reached the following agreements:
	Agreement
For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
FFS: Details on the definition of “spatial adaptation patterns”
Agreement
For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· FFS: Details of sub-configuration



To further discuss the alternatives, we need to first clarify some definitions. In the last agreement, we used the term ‘spatial adaptation pattern’, where it is not very clear what this term refers to. On one side, given that ‘adaptation’ appears in the term, it may refer to a pattern which adapts from a first spatial element to a second spatial element, e.g. antenna port number. If this is the correct understanding, a spatial adaptation pattern already includes the first and the second spatial element, which is not the legacy configuration. Moreover, following the similar definition, the A1-2 alternative configures multiple adaptation pattern, whose benefit is to be able to use less resource configuration settings. From our view point, A1-1 may be enough as A1-2 may further need to use MAC-CE to activiate one pattern. However, in a more general sense, A1-1 may be considered to be a subset of A1-2 
Proposal 1: RAN1 needs to clarify the definition of ‘spatial adaptation pattern’. Whether a such pattern already includes one spatial element before adaptation and another spatial element after adaptation?
Proposal 2: If the spatial adaptation pattern includes one spatial element before adaptation and another spatial element after adaptation, A1-1 may be considered as a subset of A1-2. 
In last meeting, companies raised concerns on the UE power consumption in the context where the UE may be configured to measure and report the channel according to different spatial element. This is a reasonable concern given that network may need a full knowledge of channel quality under different assumptions. To this end the following agreement was made for further study:
	Agreement
For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g. 
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)
Note: UE complexity needs to be taken into account.



The intention of the agreement is to consider the UE power consumption together with the CSI reporting. When the configured CSI measurement/report is beyond UE capability, the UE should be allowed to measure/report part of the configured CSI. However, it is to note that leaving the selection to UE implementation may not be a good solution. The reason is that up to UE different implementation algorithm, the reported CSI over a period may not necessary mean that the network can obtain a full knowledge according to configured multi-spatial element cases. One example is that if the UE implements that only the spatial element giving the best channel quality is to be reported, then the network may not get the CSI corresponding to small number of antenna port. With this bearing in mind, it would be more useful to discuss and agree on the selection rules and the rules should be specified. 
Proposal 3: When UE is allowed to report part of the configured CSI reports, the rules for CSI selection need to be discussed and specified. 
In last meeting, power domain enhancement was also discussed. The legacy CSI measurement UE assumes a PDSCH power according to configured power offset. Some companies suggest that multiple power offset assumptions should be considered for CSI measurement. Thus, the network may configure multiple power offset and the UE shall provide CSI report corresponding to the multiple configured power offset. With this, the following agreement was agreed in last meeting:
	Agreement
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included



In order to evaluate the necessary for multiple power offset assumptions, we have conducted simulations, where we compare two methods: in method 1, we configure multiple power offset values and let the UE reports the CSI according to the configured power offset, respectively. While in method 2, UE only reports the CSI based on a single configured power offset (i.e. legacy fashion), and the network will adjust the scheduling according to the reported CSI and the actual power variation, e.g. network may assume the reported CQI may be adjusted by a power offset difference. From the simulation results, we can find that the performance degradation with CSI using only single power offset is marginal. The simulation parameters can be found in the Appendix. 
	Total DL power level
	w CQI
	wo CQI

	Power 1 = 49dBm
	CQI 1
	

	Power 2 = Power 1 + delta
	CQI 2
	CQI 1 + delta


	delta
	UPT (Mbps)
	UPT in NES cell (Mbps)

	
	w CQI
	wo CQI
	wo CQI – w CQI
	wCQI
	woCQI
	wo CQI – w CQI

	0dB
	80.728
	
	
	

	-3dB
	80.193
	79.250
	-0.943 (-1.17%)
	73.692
	72.050
	-1.642 (-2.23%)

	-5dB
	79.163
	77.919
	-1.244 (-1.57%)
	68.252
	65.692
	-2.56 (-3.75%)



Observation 1: CSI reporting based on multiple power offset assumptions does not bring significant gain while significantly increases UE power consumption.
Propsoal 4: RAN1 does not support CSI reporting based on multiple power offset configuration.  
Conclusion
This contribution discusses our considerations on GNSS operation enhancements and provides the following observations and proposals.
Observation 1: CSI reporting based on multiple power offset assumptions does not bring significant gain while significantly increases UE power consumption.
Proposal 1: RAN1 needs to clarify the definition of ‘spatial adaptation pattern’. Whether a such pattern already includes one spatial element before adaptation and another spatial element after adaptation?
Proposal 2: If the spatial adaptation pattern includes one spatial element before adaptation and another spatial element after adaptation, A1-1 may be considered as a subset of A1-2. 
Proposal 3: When UE is allowed to report part of the configured CSI reports, the rules for CSI selection need to be discussed and specified. 
Propsoal 4: RAN1 does not support CSI reporting based on multiple power offset configuration.  
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Appendix
	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
	19*3 Sector

	Carrier Frequency
	2.1GHz

	Total DL power level
	49 dBm

	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)

	Simulation bandwidth
	20MHz, (equal split of 10 MHz for UL and DL)

	UT attachment
	Based on RSRP

	UE distribution
	2 UEs per TRP. 80% indoor, 20% outdoor.

	Traffic model
	FTP3 (0.5Mbytes, mean inter-arrival time 200ms)

	BS antenna height
	25 m

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	Antenna configuration at TRxP
	For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ

	UE power class
	23dBm

	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

	Antenna configuration at UE
	For 4R: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5,0.5)λ

	Modulation
	Up to 256 QAM

	Transmission scheme
	SU-MIMO

	SU dimension
	For 4Rx: Up to 4 layers

	DL CSI measurement
	Non-precoded CSI-RS based

	DL codebook
	Type II codebook

	CSI feedback
	PMI, CQI: every 5 slot; RI: every 5 slot; Subband based

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Non-ideal

	HARQ scheme
	Ideal

	Max HARQ retransmission
	3

	Target BLER
	10% of first transmission
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