[bookmark: _Hlk525882486][bookmark: _GoBack]3GPP TSG-RAN WG3 #103bis	R3-191778
Xi’An, China, 8th April – 12th April 2019	                                   

Agenda Item:	25.2.3.5
Source:	Ericsson
Title:	Scope of Coverage and Capacity Optimisation for NR
Document for:	Discussion, Decision
Introduction
Coverage and Capacity Optimisation has a crucial role in LTE. The feature can be seen as an umbrella including a number of enhancements that allow the identification of coverage and capacity issues and step-wise optimisation that enable to improve coverage and with that capacity.    
In LTE the main tool for coverage and capacity optimisation has been developed during the work on Active Antenna Systems (AAS). In NR there are a number of design differences that need to be analysed before it can be concluded whether legacy LTE solutions can be adopted or whether enhancements and new additions are needed.
This paper explores CCO in the context of NR and concludes on the design principles to follow for CCO for NR.
[bookmark: _Ref178064866]Discussion
CCO in NR
The objective of CCO in NR should be to determine when the network is subject to a situation of suboptimal coverage, which in turn produces deteriorated capacity. Such situation can be due to a number of reasons such as:
· Sub-optimal cell coverage, which leads to UEs being served with poor radio signals and consuming high amounts of resources
· Sub-optimal cell borders, which leads to hot spots of UEs near cell edge. This increases inter cell interference and in turn reduces radio resource efficiency
· Imbalance between UL and DL, by which the UE would have good DL channel reception while having poor UL performance. This causes UL degradation and possibly failures 

In LTE the cases above were addressed by means of AAS solutions. One picture describing one of the ways AAS works is shown below.



Figure 1: LTE AAS function enabling cell shaping for CCO

In LTE CCO can be achieved by coordination of cell coverage between neighbouring nodes. Such coordination mainly involves cell shaping, cell splitting and cell merging. 
The LTE solution relies on the following steps: 
· Each eNB is configured with a number of cell deployment options. Each option consists of a set of cells to be active as well as a defined coverage for each cell. Different cell deployment options are adopted to resolve issues of sub-optimal coverage/capacity, as shown in Figure 1.
· Each cell deployment option corresponds to an index, so that neighbouring eNBs can exchange such index to deduce which cell deployment the neighbour node has adopted. In LTE a node can learn with time what is the cell deployment associated to a given index at a neighbour node, e.g. by means of UE measurement reports. Alternatively this information can be configured at the eNB.
· Neighbouring nodes also exchange information about the cells that have been split or merged
· With time, and thanks to the information signalled between nodes, an eNB is able to learn which own cell deployment fits best the cell deployment index signalled by a neighbour, hence achieving coordination of coverage and capacity optimisation across RAN nodes.
Below is a list of parameters extracted from TS36.423 exchanged between eNBs to achieve CCO via AAS.
 
	Coverage Modification List​
	 ​
	0 .. <maxCellineNB>​
	 ​
	List of cells with modified coverage​

	>ECGI​
	M​
	 ​
	ECGI​
9.2.14​
	E-UTRAN Cell Global Identifier of the cell to be modified​

	>Cell Coverage State​
	M​
	 ​
	INTEGER (0..15, …)​
	Value '0' indicates that the cell is inactive. Other values Indicates that the cell is active and also indicates the coverage configuration of the concerned cell​

	>Cell Deployment Status Indicator​
	O​
	 ​
	ENUMERATED(pre-change-notification, ...)​
	Indicates the Cell Coverage State is planned to be used at the next reconfiguration​

	>Cell Replacing Info​
	C-ifCellDeploymentStatusIndicatorPresent​
	 ​
	 ​
	 ​

	>>Replacing Cells​
	 ​
	0 .. <maxCellineNB>​
	 ​
	 ​

	>>>ECGI​
	 ​
	 ​
	ECGI​
9.2.14​
	E-UTRAN Cell Global Identifier of a cell that may replace all or part of the coverage of the cell to be modified​


Figure 2: Information exchanged between eNBs to achieve CCO via AAS

When applying the information in Figure 2 to the scenario in Figure 1, eNB1 would signal to eNB2 that for Cell1 a new  Cell Coverage State was adopted. eNB2 would select the Cell Coverage State for Cell 2 that best matches the new configuration at eNB1 and it will signal it back to eNB1.

The LTE solution described above seems a good baseline for NR too. Especially the option of cell shaping is of particular interest for NR given the new beam structure characterising NR cells. 
NR cells in fact are constituted by a number of beams used to deliver control and data channels. The use of such beams leads to a better capability to shape the coverage of a cell and to adapt such coverage to improve capacity.
On the other hand, solutions such as cell merging and cell splitting seem to be of less relevance to NR, for reasons also related to cell beam structures. In fact, cell splitting in LTE is motivated by enabling a higher reuse of resources, while cell merging is motivated by reducing cell border effects. In NR resource reuse is achieved by utilisation of beams within the same cell, i.e. there is no need to split a cell to increase the reuse of resources. Likewise, there would be no need to merge cells if splitting is not needed.

Conclusion 1: The LTE AAS solution covering cell shaping can be taken as baseline for NR. Cell splitting and cell merging are of less relevance for NR and should be down prioritised.

To understand in full what additional enhancements we would need for CCO in NR, we should analyse the differences between LTE and NR that are relevant to this function. 
As hinted above, one of the main differences is in the way a cell is structured. In LTE reference signals are continuously available within the whole cell. In NR a cell is characterised by a beam structure, where RSs are transmitted on specific beams. Likewise, data channels are also transmitted over specific beams. The details of how beams are deployed are left to implementation, e.g. number of beams, beam direction/width/azimuth etc. Nevertheless, the ability for NR to utilise beams leads to potentially better cell shaping adjustments where changes of cell coverage could translate in adjustments on a per beam level.

Observation 1: One main difference, of relevance to CCO, between LTE and NR is the beam based cell structure in NR. This leads to the possibility of adjusting cell coverage by changing single beams coverage

One of the consequences of a beam based cell structure is that DL coverage could be greatly improved. That is because of how transmission power can be focussed on a relatively narrow beam coverage area. On the other side, UL coverage may not be able to match its DL counterpart due to the limited UE power and UE ability to beamform. This leads to another difference between LTE and NR, i.e. the higher likelihood of DL/UL coverage disparity. 

Observation 2: Another difference between LTE and NR is the higher likelihood of DL/UL coverage disparity, i.e. non-matching coverage between DL and UL

In conclusion, the main differences between LTE and NR that are relevant to CCO are the ability to handle beams and the consequences such beam structure can have on coverage and capacity, e.g. UL/DL coverage disparity. The CCO function will need to be updated to take into account such differences.
Conclusion 2: The CCO function for NR will need to be updated to take into account the beam based NR cell structure and the consequences of such structure, e.g. UL/DL coverage disparity
What channels should CCO affect
In LTE the concept of cell shaping, i.e. the ability to modify the coverage of neighbour cells in a coordinated way, was based on changes to the RS coverage. Indeed, the RS coverage of a cell determines conditions for mobility and retention of UEs to a given cell. 
The assumption at the basis of the LTE AAS solution is that data channels coverage would match RS coverage after cell shaping actions have been taken. Such assumption should be also taken in NR. 
It is in fact plausible to assume that if a RAN node has applied a given change to the coverage of beams transmitting RSs, the node can apply the same level of change to data channel beams covering the RS beams area. The figure below explains this concept.



Figure 3: Showing how changes of RS coverage can be followed by changes of data channels coverage
In Figure 3 it is shown that, in order to change the shape of Cell 1, eNB1 changes the coverage of the beams transmitting RSs. If the LTE solution for cell shaping is taken as a baseline, gNB1 could signal to the neighbour gNB2 that a change of coverage for a given RS has been applied. In turn, gNB2 can apply a matching change of its neighbouring RS signals. Both gNB1 and gNB2 have implicitly adapted their data channel coverage to the changes applied to the RS coverage, i.e. the nodes do not need to explicitly signal to each other information about their data channel coverage.
Conclusion 3: The CCO solution for NR should focus on coordinated optimisation of RS coverage areas. It should be assumed that data channel coverage will be adapted by the RAN node to the coverage area of the RS
In our understanding techniques like massive MIMO are mainly used for data channel beamforming. For what explained above we believe that such techniques are not the focus of the CCO function, but rather that massive MIMO configurations will be adapted by the RAN node automatically once a change of the RS coverage area is applied.
Conclusion 4: Under the assumption that massive MIMO is mainly used for data channel handling, CCO should focus on RS coverage optimisation/coordination and assume data channel coverage via massive MIMO to follow the changes applied to RS coverage
Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution we have analysed the CCO function designed for LTE and have derived the main differences between LTE and NR that would be relevant to CCO. In light of such differences we have concluded on the areas where the LTE baseline solution would need improvements in order to be suitable for NR. We propose to agree to the following conclusions:

Conclusion 1: The LTE AAS solution covering cell shaping can be taken as baseline for NR. Cell splitting and cell merging are of less relevance for NR and should be down prioritised.
Conclusion 2: The CCO function for NR will need to be updated to take into account the beam based NR cell structure and the consequences of such structure, e.g. UL/DL coverage disparity
Conclusion 3: The CCO solution for NR should focus on coordinated optimisation of RS coverage areas. It should be assumed that data channel coverage will be adapted by the RAN node to the coverage area of the RS
Conclusion 4: Under the assumption that massive MIMO is mainly used for data channel handling, CCO should focus on RS coverage optimisation/coordination and assume data channel coverage via massive MIMO to follow the changes applied to RS coverage
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