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Introduction
In RAN#98-e meeting, the new work item of network energy savings for NR was approved [1]. RAN1’s main focus is on the spatial and power domain adaptation, which is covered by the scope described as below WID:
	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 further share our views on the spatial and power domain adaptation.
Discussion
Evaluation results
This section shows evaluation results of spatial and power domain joint adaptation. The simulation assumptions can be found in the appendix, 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



As shown by Table.1, in the low to light load cases, either separately or jointly utilizing spatial and power domain adaptation may provide energy saving gain from 5.37% to 23.59%. On the other hand, the UPT loss and latency increase can also be observed.
Observation 1: Spatial and power domain adaptation can be jointly applied for network energy saving.
Proposal 1: RAN1 should support enhancement for both spatial and power domain adaptation.

On spatial/antenna domain adaptation
When network is in low or light load, it is possible to adapt antenna ports/transceiver chains to save energy. The main energy saving source of this operation is to adapt the number of active amplifiers used for the antenna ports. In more detailed level, the adaptation can be antenna element level, antenna panel level and TRP level adaptation.
· Antenna element level adaptation. In general, the adaptation of antenna elements leads to the changing of the CSI-RS resource and ports used for MIMO schemes.
· For typical spatial multiplexing, depending on the needs of traffic scheduling, adapting number of CSI-RS ports and corresponding configurations like codebook for PMI used for CSI measurement and report is needed.
Observation 2: Antenna element adaptation may lead to CSI-RS port/ resource adaptation and impact corresponding configurations for CSI measurement and report.
· For digital beamforming by flexible antenna virtualization, where multiple amplifiers and antenna elements are utilized to form a port or beam. As shown in Figure.1, multiple Tx chains including amplifiers and antenna elements are used to form a beam by digital precoding, which is transparent to UE. Only the beamformed CSI-RS port is visible to UE. For energy saving, the on/off of amplifiers and antenna elements may or may not change the configuration of CSI-RS ports/resources. 
· When number of CSI-RS ports are changed, dynamic adaptation is needed for both CSI and beam management. 
· When gNB does not change the number of CSI-RS ports and configuration of CSI-RS resource, it may only reduce or increase the number of amplifiers used for a certain beam/port. However, the number of used amplifiers and spatial elements lead to different power levels used for each beam/port, which is reflected by EPRE of CSI-RS. This may possibly impact (1) the calculation of CQI due to the variable power offset between CSI-RS and PDSCH, and (2) pathloss calculation for power control.
Observation 3: Antenna element adaptation may also lead to transmission power adaptation of beamformed CSI-RS port/resource. 
· For analog beamforming, as shown in Figure.2, amplifier level on/off leads to CSI-RS port and/or beam on/off, as each amplifier is connected with a set of antenna elements. Antenna element level on/off within each amplifier generally changes how wide/narrow is the beam but does not contribute so much to network energy saving.
Observation 4: Antenna element adaptation may also lead to beam adaptation for beam management.


Figure.1 An illustration of digital beamforming for CSI-RS


Figure.2 An illustration of analog beamforming generally for either RS or other channels


· Antenna panel and TRP level adaptation. In our understanding, the antenna panel and/or TRP level adaptation is a special case of element level adaptation, which is more associated with deployment of massive MIMO and/or multiple-TRP. Hence the above discussion also applies with more obvious group-based adaptation, for either digital and analog beamforming, as shown in Figure.3. Beams/ports may be switching on/off in group-based manner with 4 beams in a group per panel, and with 8 beams in a group per TRP.


Figure.3 An illustration of multi-panel and multi-TRP deployment operating 16 beams

Observation 5: Antenna panel and TRP level adaptation may lead to adaptation of beams and CSI-RS resources in a group manner for CSI and beam management.
Based on the observations, the impacted L1 signaling and procedures are:
Proposal 2: For efficient spatial element adaptation for network energy saving, L1/L2 signaling should be studied to support adaptation of CSI-RS resources, CSI report (including L1-RSRP/SINR), beam management, TCI framework and CSI-RS transmission power.


On power domain adaptation
The power domain adaptation may lead to power change of either PDSCH or CSI-RS. On the other hand, as explained in the previous section, the antenna domain adaptation may also lead to the power change of CSI-RS (when antenna virtualization is used for digital beamforming). Thus, the potential adapted power gaps due to above reasons can be:
· Power Offset #1 (PF#1):The power offset between CSI-RS and PDSCH. In the current specification, the PF#1 is RRC configured. To calculate usable and proper CSI, especially CQI, the adaptation of PF#1 needs to be informed to UE in order to calibrate the estimated CSI. 
· Power Offset #2 (PF#2):The power offset between CSI-RS and SSS. In the current specification, gNB may configure either an SSB index or NZP CSI-RS resource ID as reference for PUSCH and PUCCH power control. For PRACH, either SSB or CSI-RS is used as reference based on different conditions. If UE uses CSI-RS as reference to estimate the pathloss, the absolute power level of CSI-RS needs to be dynamically indicated.
Proposal 3: For efficient and effective power domain adaptation, the power offset between CSI-RS and PDSCH and the power offset between CSI-RS and SSS should be adapted with enhanced L1/L2 signaling for CSI report and power control.
From the above analysis, CSI-RS power adaptation can be a consequence of both spatial and power domain adaptation. On the other hand, as can be seen in the evaluation results, spatial and power domain adaptation can be jointly applied. RAN1 can consider to support the spatial and power domain adaptation with unified framework.
Proposal 4: Enhancement of L1/L2 signal can be designed with unified structure to support dynamic spatial element and power domain adaptation.
Conclusion
Based on the discussion, the following proposals are highlighted: 
Observation 1: Spatial and power domain adaptation can be jointly applied for network energy saving.
Proposal 1: RAN1 should support enhancement for both spatial and power domain adaptation.
Observation 2: Antenna element adaptation may lead to CSI-RS port/ resource adaptation and impact corresponding configurations for CSI measurement and report.
Observation 3: Antenna element adaptation may also lead to transmission power adaptation of beamformed CSI-RS port/resource.
Observation 4: Antenna element adaptation may also lead to beam adaptation for beam management.
Observation 5: Antenna panel and TRP level adaptation may lead to adaptation of beams and CSI-RS resources in a group manner for CSI and beam management.
Proposal 2: For efficient spatial element adaptation for network energy saving, L1/L2 signaling should be studied to support adaptation of CSI-RS resources, CSI report (including L1-RSRP/SINR), beam management, TCI framework and CSI-RS transmission power.
Proposal 3: For efficient and effective power domain adaptation, the power offset between CSI-RS and PDSCH and the power offset between CSI-RS and SSS should be adapted with enhanced L1/L2 signaling for CSI report and power control.
Proposal 4: Enhancement of L1/L2 signal can be designed with unified structure to support dynamic spatial element and power domain adaptation.
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Appendix: 

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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