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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The study on “Techniques for network energy saving” concluded in RAN1#111 [1]. The details of the various techniques discussed during the SI phase and their potential energy saving gains were described in TR 38.864 [2]. A new work item on “Spatial and Power Adaptations for network energy savings for NR” was approved with following objectives in RAN#98-e [3]. This contribution further discusses some the techniques in spatial and power domains and analyzes its performance to improve network energy savings (NES).

	Objectives
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




2 Spatial domain techniques for network energy saving
In NR, the large of number of antennas, TRX chains and antenna elements is a dominant contributor for energy consumption at the gNB. The energy consumption at gNB can be reduced by adapting number of the spatial elements used for transmission or receptions based on parameters like channel condition, QoS requirement, UE arrival rate, deployment scenario, user density and traffic load. For e.g., the gNB can deactivate some of antenna elements and transmit or receive with a smaller number of antenna elements, as shown in Fig. 1, when the load is low. However, the adaptation of antenna components will have an impact on the transmission/reception of channels/signals. For e.g., CSI-RS resources semi-statically configured to the UE is associated with certain number of ports, using which the UE is expecting the BS transmit the CSI-RS resource. The dynamic adaptation of antenna elements may vary the number of logical ports creating variation in the CSI-RS configuration given to the UE. Therefore, gNB dynamically signalling information about the adaptation of antenna components to the UE is supported. The UE can update the CSI-RS configuration based on dynamic indication and perform measurements based on the updated CSI-RS configuration. 
Observation 1: The adaptation of antenna elements by the gNB varies number of logical ports and causes variation in the CSI-RS configuration given to the UE.
Proposal 1: gNB dynamically signalling information about the adaptation of antenna components to the UE is supported.
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Figure 1. Adaptation of antenna elements

Further, the adaptation of antenna elements can be performed in two ways: in the first method the gNB configures UE to report multiple CSI for different antenna configurations and adapt to a particular configuration based on the report, whereas in the second one the gNB adapt the antenna components and configure UE to report CSI corresponding to the adapted configuration. The advantage with former method is that the gNB has knowledge of CSI after adaptation and can schedule UEs accordingly. In the latter one the gNB is unaware of the CSI at the time of adaptation and can lead to improper scheduling and throughput loss. 

Observation 2:  Following methods are used for adapting antenna components
	Alt 1: gNB configures UE to report multiple CSI for different antenna configurations and adapt to a particular configuration based on the report
	Alt 2: the gNB adapt the antenna components and configure UE to report CSI corresponding to the adapted configuration.

However, in Alt1, the gNB has to configure and transmit CSI-RS corresponding to multiple antenna configurations, which increases power consumption at the gNB side. Further, the UE has to measure CSI corresponding to multiple antenna configurations and has to send multiple reports, which consumes additional energy at UE side. Also, implementation of Alt1 depends on the number of reports the UE can send, which in turn depends on capability of the UE. Alt2 is simple and straight forward solution, in which the UE is configured to measure CSI corresponding to the adapted antenna components. Alt2 does not require multiple measurements and reporting for different spatial adaptations at the UE side, thereby reducing energy consumption at the UE. Further, Alt2 can be implemented by reusing the existing CSI reporting framework. The UE power consumption is an important metric and must be minimized while implementing any enhancement for NES. The adaptation at the gNB should have minimum impact on UE power consumption. An analysis for BS category 1 with set 1 reference configurations, as given in appendix, shows that the adaptation of number of TxRU from 64 to 32 with Alt 2 will provide an extra energy saving of 13.92% and 8.7% when compared with Alt 1 in low and medium loads respectively.
Observation 3: Alt 1 increases UE power consumption and its effectiveness is limited by UE capability	
Observation 4:  Dynamic adaptaion of TxRU from 64 to 32 with Alt2 provides an additional energy saving of 13.92% and 8.7% when compared with Alt 1 in low and medium loads, respectively.

Proposal 2: gNB adapting the antenna components and configuring the UE to report CSI corresponding to the adapted configuration is supported.


3 Power domain techniques for network energy saving
Adapting the transmit power of signals/channels based on parameters like channel conditions, load, UE density and location saves energy without affecting the performance. In NR, the adaptation of transmit power of DL signals/channels is performed using various power offsets configured to the UEs semi-statically through RRC. Therefore, the power offsets cannot adapt to the variation in parameters, like channel condition and location of UE, which are dynamic in nature.  The semi static updation of the downlink transmit power which is provided to the UE through RRC causes unnecessarily power consumption at gNB in certain cases. For example, in a good channel condition or in a case of UEs near to the gNB, dynamic reduction in the transmit power will help to conserve energy at the gNB. Thus, dynamic adaptation of downlink transmission power is supported for NES. 

Further, in NR, the power offset is defined as the ratio of EPRE between two DL signals or channels. The EPRE is same across the set of resources occupied by the signal/channel. However, the parameters like channel condition can vary across the set of resources. Therefore, dynamic adaptation of transmit power within the resources occupied by the signal/channel is supported. The dynamic variation in transmit power will have implications at the UE side as well. For e.g., the UE uses the information about transmit power of RS in measuring various parameters and reporting the parameters to the gNB. Hence, the indication about the dynamic adaptation of power at the gNB to the UE is supported.

Proposal 3: Dynamically adapting the DL transmit power of signals/channels at gNB in specific set of frequency and time resources.
Proposal 4: Dynamically indicating about the adaptation of DL transmit power to the UE is supported.

4 Conclusion
In this contribution, we discussed the techniques in spatial and power domains for NES. According to the technical analysis, the following proposals are made, 

Observation 1: The adaptation of antenna elements by the gNB varies number of logical ports and causes variation in the CSI-RS configuration given to the UE
Proposal 1: gNB dynamically signalling information about the adaptation of antenna components to the UE is supported
Observation 2:  Following methods are used for adapting antenna components
	Alt 1: gNB configures UE to report multiple CSI for different antenna configurations and adapt to a particular configuration based on the report.
	Alt 2: the gNB adapt the antenna components and configure UE to report CSI corresponding to the adapted configuration
Observation 3: Alt 1 increases UE power consumption and its effectiveness is limited by UE capability	
Observation 4:  Dynamic adaptaion of TxRU from 64 to 32 with Alt2 provides an additional energy saving of 13.92% and 8.7% when compared with Alt 1 in low and medium loads, respectively.
Proposal 2: gNB adapting the antenna components and configuring the UE to report CSI corresponding to the adapted configuration is supported.
Proposal 3: Dynamically adapting the DL transmit power of signals/channels at gNB in specific set of frequency and time resources.
Proposal 4: Dynamically indicating about the adaptation of DL transmit power to the UE is supported.
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Appendix

Table A1: Relative power values for reference configuration set 1/2/3
	Power state
	Relative Power P for Category 1

	
	Set 1
	Set 2
	Set 3

	Deep sleep
	1
	1
	1

	Light sleep
	25
	25
	25

	Micro sleep
	55
	50
	38

	Active DL
	280
	200
	152

	Active UL
	110
	90
	80






Table A2: Reference configurations

	Parameters
	Value

	Simulation bandwidth
	100 MHz

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

	Inter-BS distance
	500m

	Carrier frequency
	4GHz

	SCS
	30KHz

	Total DL power level
	52dBm for 32 TxRU

	UE dropping
	Random in cell;
100% of users are outdoor;
Used 3km/h for modeling fading channel

	Number of UEs per cell
	Depends on RU requirement

	User mobility direction
	Random
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