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1 Introduction

At the RAN3#79bis meeting, some starting points for scenario description and objective of SON study for AAS are agreed as below [1]:

The SON for AAS-based deployments should address scenarios with high traffic demand from high density of UEs. The UEs may be concentrated temporarily or permanently in space; the AAS-based deployment is used to optimise capacity.

Additionally, the participants formulated following objective for the further work:
The objective of SON for AAS task should be to evaluate whether SON mechanism could be beneficial to optimize inter-operability of AAS operations. Also, as part of the task, an evaluation should be performed of whether existing SON features need to be enhanced to handle the dynamic changes due to AAS activities.
In this contribution, we first clarify that whether AAS radiation pattern may be adapted to the specific deployment scenario. And, bearing in mind that in the previous meetings the AAS-based cell splitting/merging methods have been proposed by companies as the candidate solution to satisfy the high traffic demand [2~5], we discuss the cell splitting/merging method and analyze whether it can meet the requirements of the scenarios with temporary or permanent high traffic demand from high density of UEs. In the final part, the implementation choices of cell splitting are discussed and our preference is provided. 
2 Discussions

2.1 Beamforming
MIMO is a general terminology which includes beamforming, diversity, and spatial multiplexing schemes. In terms of MIMO schemes in LTE, two types beamforming are adopted: 

· Closed-loop rank-1 precoding based on cell-specific reference signal (CRS), i.e., CRS-based beamforming;

· Beamforming with UE-specific reference signal, i.e., DMRS-based beamforming.  
Note that the closed-loop rank-1 precoding is actually a special case of the SU-MIMO spatial multiplexing because they both use codebook based precoding, in the following discussion we focus on the DMRS-based beamforming. 

Generally speaking, in light of UE-specific beamforming, the radio link quality between UE and eNB can be improved thanks to the high directivity of the beam. However, due to the limitation of the DRMS positions, the beamforming can only applied to the PDSCH and EPDCCH but not the other physical layer reference signals and channels, e.g. PDCCH, CRS, PSS/SSS etc. It implies that coverage optimization can not be fully supported by UE-specific beamforming because the overall cell coverage is mainly limited by the range of the control channels unless other measures are taken. Additionally, It is worth noting that CRS is also crucial for the downlink control channel demodulation and some other purposes, e.g. CQI reporting and RRM measurement.  
Another limitation is that the performance of UE-specific beamforming is highly relying on the channel state information (CSI) feedbacked by UE precisely and timely. Usually, 

· For TDD deployment, the eNB needs to schedule the UE to transmit the channel sounding reference signal (SRS);

· For FDD deployment, the eNB needs to schedule the UE to report CQI/PMI/RI due to the channel reciprocity is unavailable. 

Therefore, for a large number of UE, the SRS or feedback signalling load on uplink channel could be very significant.   

Moreover, there are some cases that the UE-specific beamforming would be less attractive. For example, UE-specific beamforming is not suitable for the UE moving fast since that in this case, the CSI is very likely being outdated. Another example is for delay-sensitive traffic where low retransmission rate is more desirable than maximizing throughput, the diversity scheme can provide more reliable transmission than the beamforming. 

Observation 1: The UE-specific beam forming is not optimal for all specific deployment and application scenarios.
2.2 Beam shaping

AAS can dynamically control the elevation and azimuth angles, as well as the beamwidth of its radiation pattern. The rationale is that AAS can assign individual weights to each transceiver unit, then the product of the transceiver unit array factor and the element radiation pattern of antenna array gives the radiation pattern of the entire array [6]. 

The AAS radiation pattern may be adapted to the specific deployment scenario. For example, AAS can decrease the down tilt angle or half-power beam-width (HPBW) to increase the average power of the cell-specific physical channels and signals at a certain geographical area, e.g. the cell edge. On the other hand, AAS may increase the down tile angle to relieve the over-shooting CRS issue, or change azimuth angle to minimize inter-cell interference on physical data channel. 

The abovementioned AAS operation is featured that the change of radiation pattern would affect all the cell-specific physical channels and signals, which we define as the beam shaping scheme. From the aspect of throughput improvement, the beam shaping scheme can benefit the UE enabled with diversity or spatial multiplexing schemes. Additionally, the beam shaping doesn't prevent the application of UE-specific beamforming, implying that no negative impact on these UEs’ throughputs.  

Observation 2: The beam shaping scheme can improve the cell capacity by adapting the radiation pattern of cell-specific physical channels and signals to specific deployment scenario.
2.3 Cell splitting and merging
Regarding the identified scenario by RAN3 that [1]:

The SON for AAS-based deployments should address scenarios with high traffic demand from high density of UEs. The UEs may be concentrated temporarily or permanently in space; the AAS-based deployment is used to optimise capacity.
We observe that the beam shaping scheme can be exploited to optimize the cell capacity for those concentrated UEs. More specifically, by beam shaping scheme AAS can steer and adjust an individual beam appropriately to cover the hot spot/area where high-density UEs are located, so that the throughput of the UEs enabled with diversity or spatial multiplexing scheme can be increased. Furthermore, if the SRS or feedback signalling load on uplink channel for UE-specific beam forming is too heavy due the large number of UEs, the BS may need to change the MIMO scheme with these UEs to diversity or spatial multiplexing scheme, which in turn is also benefited from the beam shaping. 

Note that from the aspect of the beam isolation, the abovementioned operation implies that the cell is further split in geography vertically or horizontally. For example, as shown in the Fig.1, an AAS creates two cells in the vertical direction simultaneously, which are one micro inner cell and one outer macro cell. So, we can conclude that the cell splitting based on beam shaping scheme can optimize the capacity for a certain geographical area, especially where high-density UEs are located.
Observation 3: The cell splitting based on beam shaping scheme can optimize the capacity for a certain geographical area, especially where high-density UEs are located.
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Figure-1: cell splitting based on beam shaping scheme
Another consideration is the time-scale of the cell splitting and merging operation. When UEs are concentrated temporarily in space, the AAS can apply cell splitting method to satisfy the high traffic demand. On the other hand, when the UEs are scattered in space, the AAS can merge the cells to maximize the chances of applying UE-specific beam forming to improve per-UE throughput. Such cell splitting and merging operations are illustrated in Fig.2. Moreover, it is worth noting that such transition is not possible being very frequently; in another word, the cell splitting and merging is semi-static operations. As for that UEs are concentrated temporarily in space, obviously fixed cell splitting can satisfy the requirement.

Therefore, we conclude that the semi-static or permanent cell splitting based on beam shaping scheme can handle changing load conditions as defined in [1]. We propose that these observations shall be adopted for AAS study.
Observation 4: The semi-static or permanent cell splitting based on beam shaping scheme can handle changing load conditions as defined in [1].
Proposal 1: The abovementioned observations shall be adopted for AAS study.
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Figure-2: Transition between cell splitting and merging
2.4 Intra-cell sectorization

The potential implementation methods of beam shaping based cell splitting are as follows:

· M#1: A new inter-frequency cell is activated with a new cell ID;

· M#2: A new intra-frequency cell is generated with a new cell ID;
· M#3: A new sub-sector with the same cell ID is created by an individual beam;

· We define such kind of implicit cell splitting method as the intra-cell sectorization.

Recalling that cell splitting is mainly for capacity boosting, we analyze these methods in terms of their spectrum efficiency. In that case, the M#1 is less desirable since its frequency-reusing factor is less than one. On the other hand, since the frequency-reusing factor of both M#2 and M#3 can reach to one, we will further evaluate them in terms of their impacts on other neighboring nodes and existing functions. The comparisons are listed in Table-1.

Table-1: Comparisons between M#2 and M#3
	
	M#2
	M#3

	PCI planning
	Need more efforts for collision-free and confusion-free PCI planning. 
	N/A

	ANR
	The serving BS and its neighbouring BSs would pay extra efforts to handle the changes of network topology.
	N/A

	MRO
	Intra-BS HO is inevitable in case of UE mobility. High-speed UE may suffer connection failures.
	No explicit impact. The cell can adaptively switch the beams in case of UE mobility.

	MLB
	More inter-node MLB signalling is foreseen.
	No growth of inter-node MLB signalling is foreseen since BS can average the changes of load situation in the sub-sectors. 

	ICIC
	ICI can be mitigated spatial isolation between the beams, and BS can exploit time/frequency/space coordinated scheduling for ICI avoidance. 
	Only intra-cell interference exists which can be mitigated by spatial isolation between the beams, and BS can exploit time/frequency/space coordinated scheduling for interference avoidance.

	UE
	UE needs to perform more times of cell (re)selection in case of cell splitting than usual.
	The sectorization is transparent to UE, i.e. only one cell appears to the UE. 


Based on the comparison table, it can be summarized the M#3 can provide cell splitting gains no less than M#2 but with much less negative impacts on other neighboring nodes and existing functions. Therefore, we propose that the M#3, i.e. the intra-cell sectorization method, shall be applied to fulfill the cell splitting/merging scheme.
Proposal 2: The intra-cell sectorization method shall be applied to fulfill the cell splitting/merging scheme.
3 Conclusion

The AAS beam shaping scheme is very essential to improve system capacity by adapting AAS radiation pattern to the specific deployment scenario and such optimization is not limited to and limiting the UE-specific beam forming. In terms of the scenario concerned by RAN3, we observe that the methods of beam shaping based cell splitting can meet the requirements of capacity boosting. Furthermore, we recommend the intra-cell sectorization to fulfill the cell splitting/merging scheme.  
Based on the above discussions, we propose that:
Observation 1: The UE-specific beam forming is not optimal for all specific deployment and application scenarios.
Observation 2: The beam shaping scheme can improve the cell capacity by adapting the radiation pattern of cell-specific physical channels and signals to specific deployment scenario.
Observation 3: The cell splitting based on beam shaping scheme can optimize the capacity for a certain geographical area, especially where high-density UEs are located.
Observation 4: The semi-static or permanent cell splitting based on beam shaping scheme can handle changing load conditions as defined in [1].
Proposal 1: The abovementioned observations shall be adopted for AAS study.
Proposal 2: The intra-cell sectorization method shall be applied to fulfill the cell splitting/merging scheme.
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