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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]A work item on “Spatial and Power Adaptations for network energy savings for NR” completed in RAN1#114 [1] and several agreements were made in the work item meetings. This contribution further discusses remaining aspects of spatial and power domain adaptation.

2 Spatial domain techniques for network energy saving
For supporting different spatial adaptation patterns, one CSI report configuration containing multiple CSI sub-configurations was agreed in RAN 112bis-e [2]. Further, the following was agreed in RAN1 #114 [1] regarding CSI-RS resource counting. 
	
	Agreement
For a CSI report configuration containing sub-configuration(s), if a CSI-RS resource is referred by M sub-configurations among X sub-configurations, the CSI-RS resource is counted M times and CSI-RS ports within the CSI-RS resource are counted by
· Option 2A:  for Type 1 SD adaptation, and  for Type 2 SD or PD adaptation.
·  is nrofPorts configured in NZP-CSI-RS-Resource and  is the number of CSI-RS ports in sub-configuration s derived from port subset indication.
It is understood that further discussions are necessary.



Based on the agreement, each CSI-RS resource when referred by M out of X sub-configurations is counted M times as active at the UE. For A-CSI and SP-CSI report, N sub-configurations out of L sub-configurations, configured in report setting, is triggered by a DCI or MAC CE. Hence, a UE will measure the CSI-RS resources according to the sub-configurations triggered. Therefore, for A-CSI and SP-CSI report, only the CSI-RS resources corresponding to the N triggered sub-configurations should be counted as active CSI-RS resources.

Observation 1: A UE measures the CSI-RS resources corresponding to the N sub-configurations triggered.
Proposal 1: For A-CSI or SP-CSI report, X= N is supported.

In case of periodic CSI-RS report, all L sub-configurations in a CSI report configuration will be reported in every periodic occasion as agreed in RAN1#113 [3]. The agreement is given as below
	Agreement
Alt 2: For P-CSI reporting from L configured sub-configurations, support:
· All L configured sub-configurations are reported in every periodic occasion.
· The maximum value of L can be different for A-CSI, SP-CSI, and P-CSI. 


However, dynamic adaptation of antenna elements causes variation in number ports active at the gNB, consequently making some of the L sub-configuration invalid. For e.g., if a report configuration comprises 3 sub-configurations, corresponding to 32 ports, 16 ports and 8 ports, then based on agreement above, the UE is expected to transmit report for all three port numbers. However, if gNB has deactivated the 32 port transmission, then it may not require report corresponding to 32 ports. Therefore, gNB indicating information about adaptation of spatial elements (e.g., maximum number of ports active at gNB) to UE is supported. In order to reduce the signalling overhead and complexity, a new field to represent the adapted spatial elements in an existing DCI can be used instead of using a new DCI. A UE specific DCI can be used for the indication to address the UE configured with the CSI report sub configurations. The UE can update CSI report sub-configurations by determining only those sub-configurations, with associated number of ports less than the indicated maximum number of ports, as active. 
Observation 2: The adaptation of spatial elements by the gNB causes deactivation of sub-configurations given to the UE.
Proposal 2: gNB signalling maximum number of ports active at the gNB in existing UE specific DCI is supported.
Proposal 3: UE determining the active sub-configurations based on the dynamically signalling of maximum number of ports is supported.
3 Power domain techniques for network energy saving
For power domain network energy saving, the adaptation of power is agreed to be applicable for PDSCH. The adaptation in transmit power will have implications at the UE side. For e.g., the UE need to adjust the AGC, when the power is adapted. The indication to the UE after power adaptation at the gNB was discussed in RAN1 #114 [4] with following proposal, but there was no consensus. 

	FL1 P9-2
Option 1: support indication of spatial and/or transmission power adaptation in one of the following approaches (same approach for SD and PD adaptation) in addition to the agreed triggering/activation signalling
· Alt 1: MAC-CE/RRC for indication of corresponding subConfig ID that gNB has applied as adaptation
· Note: need to take this RAN2 LS in R1-2306380 into account
· Alt 2: UE specific DCI
· A new field in existing non-fallback UE specific DCI formats is introduced
If agreed, the number of bits are to be discussed at CR stage.



The transmit power of DL signals/channels are represented using the power offsets. The gNB after having the CSI reports for multiple PDSCH to CSI-RS power offsets may adapt one of them dynamically based on varying network parameters like channel condition, load, location of UE, etc. Hence the indication can be given dynamically using L1 layer signaling to address the dynamic variation in transmit power. A PDSCH to CSI-RS power offset value to be used at the gNB after adaptation should be signalled in L1 layer signalling. In order to reduce the signalling overhead and complexity, a new field to represent the adapted power offset in an existing UE specific DCI can be used instead of using a new DCI.

Observation 3: The value of PDSCH transmit power to be used at the gNB after adaptation is helpful in making adjustments to the AGC at the UE.

Proposal 4: Introducing a new field in existing UE specific DCI for indicating the PDSCH to CSI-RS power offset after adaptation is supported.

4 Conclusion
In this contribution, we discussed the various aspects in spatial and power domains for NES, the following observations and proposals are made: 

Observation 1: A UE measures the CSI-RS resources corresponding to the N sub-configurations triggered.
Proposal 1: For A-CSI or SP-CSI report, X= N is supported.
Observation 2: The adaptation of spatial elements by the gNB causes deactivation of sub-configurations given to the UE.
Proposal 2: gNB signalling maximum number of ports active at the gNB in existing UE specific DCI is supported.
Proposal 3: UE determining the active sub-configurations based on the dynamically signalling of maximum number of ports is supported.
Observation 3: The value of PDSCH transmit power to be used at the gNB after adaptation is helpful in making adjustments to the AGC at the UE.
Proposal 4: Introducing a new field in existing UE specific DCI for indicating the PDSCH to CSI-RS power offset after adaptation is supported.
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