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Introduction 
In this contribution we present a realistic scenario which we believe would have an impact on the LTE and NR Cells’ energy efficiency. 
With the introduction of high channel bandwidths and high data throughputs for NR Nodes, it will be necessary to have high power PAs at the nodes (as the fundamental parameter “energy per bit/noise power spectral density” will not change much, but the number of ‘bits’ sent will change dramatically). In order to minimise energy costs (and to “be green”) and in-line with previous 3GPP studies on energy efficiency, it is necessary to be able to turn off these PAs during periods when they are not needed (and obviously, to be able to turn them back on when their capacity is needed). See following Figure 1.
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[bookmark: _Ref488393388]Figure 1 LTE eNodeB and NR Nodes in Dual Connectivity configuration
The aim of this contribution is to introduce mechanisms, in a Dual Connectivity configuration, whereby:
a) in the event of the Master Cell’s load increasing, to request that the potential Secondary Cell is switched back on.
b) when an NR cell’s load is low, it can inform the current Master eNode B(s) (and any other eNBs that can become Master cells) that it is about to go into a power saving mode 
Two scenarios could exist in practice:
Scenario 1- LTE eNodeB is the Master cell and NR Node is the Secondary Cell 
Scenario 2- NR gNodeB is the Master Cell and LTE Node is the Secondary Cell 
However, Scenario 2 is “Architecture Option 4” and this option is currently de-prioritised, hence this document does not deal with it further.
For Scenario 1, there are sub-variants for Architectures 3 and 3X. 
In this contribution we concentrate on the Architecture Option 3 and 3X and we do not discuss Architecture Option 3A as there appears to be little industry interest in 3A.
Option 3X 
In this section we present two cases of Option 3X scenarios:
1. Case1- On demand, power up of the secondary cell  
2. Case2- On demand, power down of the secondary cell 
[bookmark: _Ref488996121]Option 3X:  On demand, power up of secondary cell
In this scenario, the LTE Cell is active but the NR cell’s RF Transmitter would be switched off. Part of the NR node’s baseband functions are kept running to enable user plane data to be forwarded to the LTE eNodeB. See following Figure 2 
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[bookmark: _Ref487727817]Figure 2 Option 3X Architecture, UE is connected to eNodeB only and NR cell’s RF transmitter is turned off 
LTE eNodeB in its broadcast channel (or via the connected mode RRC commands) would indicate the ARFCN that the NR cell will use.
As traffic on Master cell increases or a particular service demands NR capabilities, the Master Cell signals to the Secondary Cell to switch on and then instructs the UE to send measurement reports on the Secondary cell. If the UE is within coverage of the NR cell, the Master eNodeB can then request the Secondary Cell Group to provide dual connectivity based radio resources for the UE.
The call flow of this scenario is shown below:
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[bookmark: _Ref488998959]Figure 3 Call Flows for option 3X to turn on RF Transmitter 
Observation 1: Master cell, eNodeB, needs to use local RRM to determine when to request secondary cell to be activated
Observation 2: NR cell’s RF transmitter is off until the Master Cell signals it to be turned on.
Observation 3: from the call flow illustrated in Figure 3, it can be observed that the eNodeB requires to transmit the 5G Cell’s frequency 

2.2	Option 3X: On demand, power down of secondary cell
In this scenario, which is the reverse of scenario described in previous section, the LTE and NR Nodes RF Transmitters are both on and the UE is configured with radio resources on both LTE eNodeB and NR Nodes.
As the traffic (aggregated across all UEs) on the NR cell decreases, operator configured thresholds cause it to signal to the Master LTE eNodeB(s) to remove that NR cell’s dual connectivity resources from the UE(s). After all the UEs have been re-configured, the eNodeB indicates to the NR Node that it is safe to switch off its RF Transmitter. See Figure 4 below.
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[bookmark: _Ref488394160]Figure 4 Option 3X Architecture, UE is connected to eNodeB and NR Node
The call flow of the power down sequence is shown in the following Figure 5
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[bookmark: _Ref488996503][bookmark: _Ref488996497]Figure 5 Call Flows of Option 3X to switch off RF Transmitter
The reason for including Step 13, NR Transmitter OFF Acknowledgement message, is that the NR node might be acting as a secondary node to several independent Master Cell Groups that send (or fail to send) their Step 11 messages at different times. Step 13 confirms that the cell is now powered down. A negative message at Step 13 might also be used if the load on the NR cell increases significantly during this procedure.  
Observation 4: User plane flow control monitoring is required to monitor the flow of user plane data on the NR cells. This data flow monitoring is at cell level (e.g. aggregated across all UEs that use it). Based on certain threshold levels, the NR node will request the Master eNodeB(s) to remove the remaining UEs. 
Observation 5: The NR cell’s RF transmitter is turned off only after all the UEs have had their RRC connections reconfigured.
Observation 6 from the flow diagram of Figure 5  it can be observed that re-configuring of all the UEs could take some time. For example, some UEs are in the Connected Mode DRX state. Hence message 5 is useful, and is more than a layer 2 acknowledgement.
Option 3 
As in Option 3X case, in this section we present two cases of Option 3 scenarios:
1. Case1- On demand, power up of the secondary cell  
2. Case2- On demand, power down of the secondary cell 
The difference in the Option 3 configuration is that the user data is terminated in the eNodeB where the local PDCP-U splits the user traffic towards the eNodeB and to the NR nodes.
Option 3:  On demand, power up of secondary cell
In this scenario, the LTE Cell is active but the NR cell’s RF Transmitter would be switched off. As PDCP-U function is located in the eNodeB, few of the baseband functions could also be switched off in the NR Node.  See following Figure 6.
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[bookmark: _Ref488998088]Figure 6 Option 3 Architecture, UE is connected to eNodeB only and NR cell’s RF transmitter is turned off  
As discussed in 2.1, LTE eNodeB in its broadcast channel (or via the connected mode RRC commands) would indicate the ARFCN that the NR cell will use.
As traffic on Master cell increases or a particular service demands NR capabilities, the Master Cell signals to the Secondary Cell to switch on and then instructs the UE to send measurement reports on the Secondary cell. If the UE is within coverage of the NR cell, the Master eNodeB can then request the Secondary Cell Group to provide dual connectivity based radio resources for the UE. The call flows of this sequence is illustrated in the following Figure 7.
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[bookmark: _Ref488998033]Figure 7 Call Flows for option 3 to turn on RF Transmitter of NR cell. 
Observation 7: Observation 1 also applies to this scenario
Option 3: On demand, power down of secondary cell
In this scenario, which is the reverse of scenario described in previous section, the LTE and NR Nodes RF Transmitters are both on and the UE is configured with radio resources on both LTE eNodeB and NR Nodes.
As the traffic (aggregated across all UEs) on the NR cell decreases, operator configured thresholds cause it to signal to the Master LTE eNodeB(s) to remove that NR cell’s dual connectivity resources from the UE(s). After all the UEs have been re-configured, the eNodeB indicates to the NR Node that it is safe to switch off that cell’s RF Transmitter. After the NR transmitter has been switched off, all user traffic would flow through the eNodeB. See following Figure 8.
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[bookmark: _Ref488998047]Figure 8 Option 3 Architecture, UE is connected to eNodeB and NR Node 
The call flow of the power down sequence is shown in the following Figure 9.
[image: ]
[bookmark: _Ref488998068]Figure 9 Call Flows of Option 3 to switch off NR RF Transmitter 
Observation 8: Non-UE specific X2-C messages are the same for both Option 3 and 3X Architectures
  Conclusions 
In this contribution we have illustrated that in order to minimise the power consumption of Dual Connectivity Node, NR Node’s transmitter should be able to be turned off, on a per cell basis, when load is low. Similarly, NR Nodes’ RF transmitter could be switched on when the NR’s traffic load is increasing. 
From our analysis the following observations can be drawn: 
Observation 1: Master cell, eNodeB, needs to use local RRM to determine when to request secondary cell to be activated
Observation 2: NR Node’s RF transmitter is off until the Master Cell signals it to be turned on.
Observation 3: from the call flows illustrated in Figure 3, it can be observed that the eNodeB requires to transmit the 5G Cell’s frequency 
Observation 4: User plane flow control monitoring is required to monitor the flow of user plane data on the NR Node. This data flow monitoring is all cell level. Based on certain threshold levels, the cell-based flow control monitoring will alert the NR RRM that data flow is slowing down. 
Observation 5: The NR cell’s RF transmitter is turned off only after all the UEs have had their RRC connections reconfigured.
Observation 6 from the flow diagram shown in Figure 5, it can be observed that re-configuring of all the UEs could take some time. For example, some UEs are in the Connected Mode DRX state.
Observation 7: Observation 1 also applies to this scenario
Observation 8: Non-UE specific X2-C messages are the same for both Option 3 and 3X Architectures
To enable the Architectural Option 3 and 3X to support this realistic scenario, we would like to put forward the following proposals:
Proposal 1: In order to minimise power consumption, NR cell’s RF Transmitter to be turned off during the quiet traffic periods and only to turn on during high traffic periods.
Proposal 2: to introduce X2 signalling to enable Secondary Cell Group RF transmitter on and off
Proposal 3: An indicator to be included in the LTE eNodeB’ DL-SCH SIB5 message block to indicate that NR neighbour cell’s ARFCN to the UE and for the UE to scan for the ARFCN.
We would kindly like to ask RAN3 to agree the above proposals.
A Change Request for TS 36.300 is proposed in R3-172671 document.
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