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Introduction 
In the last RAN3 meeting #97 held in Prague, we presented a detailed analysis of procedures at hand from TS 36.423 which can be used to resolve the energy efficiency problem that was highlighted. Please see R3-173877.
During the meeting it was highlighted that:
· Procedure in TS 36.423 provide the necessary procedures to resolve the energy efficiency problem
· The “Cell Activation Request”, “Cell Activation Response” and “eNodeB Configuration Update” messages need to be modified to carry the NR Cell ID
· As the NR cells activations on a gNB might occur independently and overlap, the NR Cell ID of the failed cell should be added to the “Cell Activation Failure” message
Furthermore, in the last RAN3 meeting #97 in Prague changes were agreed to TS 36.300 and TS 36.423, see R3-174232 and R3-174197 respectively, where a bi-directional configuration update message. EN-DC Configuration Update Request, was agreed between the LTE and NR Nodes over X2 interface. This message allows the LTE and NR Nodes to request configuration information from each other.
The Remaining Problem
In this document we present the remaining issue of how to identify a failed cell during the activation procedure. Currently there are no explicit message nor mechanism available to inform the LTE node that a particular cell, on the NR Node, has failed to turned on or has failed completely during the activation procedure. 
Cell Activation Scenarios
[bookmark: _GoBack]The following Figure 1 illustrates a typical deployment for which an efficient energy management solution is sought for the NR Node. 
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[bookmark: _Ref497903186]Figure 1 Typical deployment scenario
In this deployment when the traffic in the LTE cell increases, the LTE Node makes a decision to activate the NR Cell and to shift the UEs to the NR cell. The procedure available is the Cell Activation Request message.  In a normal deployment the NR Node upon receiving this command, as it is a Class 1 Procedure, would respond back the LTE Node with a Cell Activation Response message or Cell Activation Failure message. 
In a real network use conditions there would be two scenarios:
Scenario 1 Multi-Cell Activation
Scenario 2 Repeated Single Cell activation
The two scenarios are discussed in the proceeding sections.
Scenario 1 Multi-Cell Activation 
In the scenario 1 LTE send a multi-cell activation command to the NR Node to activate all three cells simultaneously. The NR Node will respond with a Cell Activation Response message with list of cells which are ON and list of cells which are OFF or have failed to turn on: At this stage it is unclear whether the 
1- NR Node sends Cell Activation Response Message after the RF Transmitter has fully turned on OR 
2- NR Node sends a Cell Activation Response message immediately upon receiving the Activation command without waiting for the RF Transmitter to switch on 
For the purpose of this discussion paper, we are assuming that the Cell Activation Response message is sent AFTER the RF Transmitter has fully turned on and stabilised. This is the simplest scenario and the return message from the NR Node is clear. See following Figure 2.
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[bookmark: _Ref497904695]Figure 2 Multi-Cell Activation Procedure
During a multi-cell activation procedure if one of the three cells fails the NR Node would send a failure message back to the LTE node without Failed Cell ID See following Figure 3.
The lack of Failed Cell ID is also a big problem in this case as the LTE node is unaware of which cell has failed to turn ON.
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[bookmark: _Ref497907301]Figure 3 Cell Failure during a Multi-cell Activation Procedure
Observation 1: In order to reduce confusion at the LTE Node, we would prefer for the NR Node to send the Cell Activation Response message AFTER the RF Transmitter has fully turned on and has stabilised and NOT immediately after receiving a Cell Activation message. 
Observation 2: For a simultaneous Multi-Cell Activation procedure, lack of Failed Cell ID will also cause confusion at the eNodeB. 
Scenario 2 Repeated Single Cell activation
In the scenario 2, however, where the LTE node decides to turn on the NR Cell based on traffic or service demand, sequentially, LTE node sends multiple Cell Activation messaged to the NR Node, and the NR Node will respond back to the LTE node with multiple Cell Activation Response messages or Cell Activation Failure messages: this can cause a race condition as the Cell Activation Failure message does not contain the failed cell id. See following Figure 4.
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[bookmark: _Ref497904719]Figure 4 Repeated Single Cell Activation procedure, and confusion at the LTE Node due to the failed cell
In addition to the two operational scenarios described above, the condition or the state of the cell could be misinterpreted by the LTE Node: for example, if the Cell Activation Response message delivers a cell OFF messages, does this mean if the Cell is OFF, for energy saving reason? or the cell is faulty and it is off line?
One other solution that could be used to indicate a failed cell is the EN-DC Configuration Update Request[footnoteRef:1] procedure: this procedure signals back list of cells that have changed state for example cells that have turned ON from OFF state. However, this procedure is not triggered automatically after a Cell Activation Message command is sent and it has to be specifically requested by the LTE node. This will increase the signalling over the X2-C interface.  [1:  EN-DC Configuration Update Request procedure was agreed in RAN3 #97 Prague] 
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Figure 5 EN-DC Activation Procedure used to interrogate the NR Node

Observation 3: EN-DC Configuration Update Request procedure to be used immediately after the cell activation failure message to obtain the list of failed cells from the NR Node. 

Corrections Proposed in Standards
We believe that there could be three mechanisms to resolve the confusion at the LTE node due to lack of Failed Cell ID:
1- One approach is correct the Cell Activation Failure message with the ID of the failed cell(s)  
2- The second approach is to add transaction ID to the Cell Activation Messages to track which cells have failed
3- The third approach would be to mandate either in standards or in implementation that, following receipt of a Cell Activation Failure message, the LTE Node would send EN-DC Configuration Update Request to the NR Node to obtain the cells which have failed. 
The above three options are discussed in the proceeding sections. 
Correction of Cell Activation Failure Message 
With this approach the Cell Activation Failure Message, Clause 9.1.2.22 of TS 36.423, is amended to indicate which cell has failed during the activation procedure. 
The amended clause is shown below:
[bookmark: _Toc486184442]9.1.2.22	CELL ACTIVATION FAILURE
This message is sent by an eNB to a peer eNB to indicate cell activation failure.
Direction: eNB2  eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	Failed Cell List
	
	1 .. <maxCellineNB>
	
	
	GLOBAL
	ignore

	>ECGI
	M
	
	9.2.14
	
	-
	-



Having identified a number of realistic cell activation scenarios, knowing the Failed Cell ID in the Cell Activation Failure message would be advantageous. In our view this is the simplest correction and delivers the clearest message without having many signalling messages over X2 interface. This correction would apply well to both Multi-cell and Single Cell activation cases.

Introduction of Transaction ID 
With this approach, a Transaction ID is added to the messages so that the LTE can track and combine messages that pertain to a particular cell.  See the following Figure 6.
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[bookmark: _Ref497916526]Figure 6 Single Cell Activation Procedures are assigned Transaction IDs
With this approach, cell messages are assigned a unique Transaction Identifiers and any returned replies from the NR Node are then tracked and consolidated at the LTE Node. 
The advantage of this solution is that for a Single Cell Activation scenario, no changes are applied to the existing procedures and commands and the number of call flows remain minimal. However, it is unclear at this stage, how this Transaction ID mechanism can be applied to Multi-Cell Activation, where all cells are activated with one command. 

EN-DC Configuration Update Request 
Whit this approach, the LTE Node, on receipts of a Cell Activation Failure message, sends a EN-DC Configuration Update Request to the NR Node. See the following Figure 7.
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[bookmark: _Ref497918786]Figure 7 EN-DC Configuration Update message used to identify Failed Cell ID
Although this approach causes additional signalling across the X2 interface, never the less, it is a robust way of determining the state of the NR Node, following a failure message. This solution can be applied to both single Cell and Multi-Cell Activation cases.

 
Observations and Conclusions
In this contribution we have identified that lack of Failed Cell ID in the response message sent back from the NR Node can cause confusion at the LTE node and it requires correction either through implementation or through corrections in Standards.  
From the technical discussion presented the following observations can be made:
Observation 1: In order to reduce confusion at the LTE Node, we would prefer for the NR Node to send the Cell Activation Response message AFTER the RF Transmitter has fully turned on and has stabilised and NOT immediately after receiving a Cell Activation message. 
Observation 2: For a simultaneous Multi-Cell Activation procedure, lack of Failed Cell ID will also cause confusion at the eNodeB. 
Observation 3: EN-DC Configuration Update Request procedure to be used immediately after the cell activation failure message to obtain the list of failed cells from the NR Node. 
There are three options available to us to resolve this issue, all with advantages and disadvantages:
1- Correction of Cell Activation Failure Message 
2- Introducing Transaction IDs to Cell Activation Request Messages 
3- Applying EN-DC Configuration Update Request Messages following Cell Failure Message
See the following Table 1 for a summary: 
[bookmark: _Ref498008618]Table 1 Advantages and Disadvantages of the three proposed solutions
	Number
	Solution 
	Advantages
	Disadvantages 
	Remarks

	1
	Addition of Failed Cell ID
	The ID of the failed cell is reported to the NR Node immediately 
	From the message ID it is unclear if the cell has failed to activate due to a fault or if the cell is off-line 
	The addition of Failed Cell ID only helps to move an implicit information on explicit information but it does not solve the question on the cell status

	2
	Addition of Transaction ID
	Simple amendment by adding a transaction id for Request and Response messages the messages can be tracked
	It may not work well for Multi-cell activation process, where many cells are turned on with one transaction ID
	This solution is equally applicable over Xn interface between two gNodeBs


	3
	Applying EN-DC Configuration  Update Request 
	Robust mechanism, alleviates confusion at the LTE node
	Additional signalling on X2 interface 
	


On balance, the simples and easiest solution at hand is the addition of Transaction ID to the Cell Activation Request messages. Although at this stage no clear solution is available for a Multi-Cell Activation case, using Transaction IDs, never the less the likelihood of a LTE Node switching on all the NR cells simultaneously is minimal in practice.
We therefore propose to proceed with addition of Transaction IDs to the Cell Activation Request messages. 
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