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1. Introduction

It has been identified in numerous contributions that dynamic interference coordination is needed for cases with dense deployment of lower power HeNBs, such as pico cells or Femto’s. Several solutions for dynamic interference coordination for such cases have been proposed for LTE-Advanced, where some of them can be found in [1]-[8]. One of the candidate schemes is called Autonomous Component Carrier Selection (ACCS) as described in [1]-[3]. ACCS performance results have previously been presented for the dense-urban deployment case with two apartment building blocks [11][12], following the scenario proposed by RAN WG4 in [9] for Home eNB performance studies. In [11] both closed subscriber group (CSG) and open subscriber group (OSG) deployments have been investigated, assuming different hard frequency reuse configurations and the proposed ACCS concept. In [12] the same ACCS concept was used for uplink performance studies. The results from both DL and UL studies show that the proposed ACCS concept is an attractive solution for the interference coordination scheme for cases with dense deployment of lower power eNBs.
In this contribution we analyze in more details the initial selection of the cell specific base component carrier selection (BCC) –   formerly called 'primary component carrier' [1]-[12] – mechanism, as part of the ACCS concept, and initially described in [3]. The naming has been changed here to clearly indicate that we are referring to the cell specific component carrier selection and differentiate from the RAN2 naming of UE-specific component carriers and procedures. The focus in this contribution is the time-domain behaviour of the proposed initial BCC selection mechanism under various HeNB deployment and activation assumptions. We present SINR performance results only for the initial BCC selection in terms of average DL UE SINR estimated on the cell-specific BCC.
2. Summary of autonomous CC selection concept
In this section we shortly summarize the basic idea of autonomous component carrier selection (ACCS) for LTE-Advanced with multiple component carriers (see also [1]-[3]). For the case with 100 MHz system bandwidth, 5 component carriers of 20 MHz are generally assumed as illustrated in  Figure 1.
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Figure 1 Example illustration of component carriers to form LTE-Advanced system bandwidth.
However, other configurations such as e.g. 3 component carriers of 10 MHz could potentially be configured as well (exact configurations are FFS). It is proposed that each cell automatically selects one of the component carriers as its  cell specific base carrier (formerly called the primary carrier [1]-[12]) when the HeNB is activated/powered-on [3]. As the offered traffic increases for the cell, the HeNB may start to take more component carriers into use. We call these (cell-specific) supplementary component carriers (formerly called secondary component carriers [1]-[12]) or SCC
. However, a cell is only allowed to take more supplementary component carriers into use provided that this is possible without causing excessive interference to the surrounding cells. For evaluation of the latter, prior to deciding if more supplementary component carriers can be configured, each HeNB collects so-called background interference matrices (BIM) based on UE measurements. Based on the BIM information, each cell essentially “learns” the local environment, which makes it capable of estimating the impact on the surrounding cells from taking more carriers into use. For more information on the proposed BIM approach, and rules for selecting more supplementary component carriers, we refer to [2]. 
2.1 Initial base component carrier selection mechanism

The initial BCC selection as proposed in [3] utilizes the inter-eNB RSRP measurements, where an eNB measures the reference symbol received power from its neighbouring eNBs (i.e. similar as the UE RSRP measurement). It is proposed that the new eNB measures the RSRP on the component carrier of the surrounding cells, and that knowledge of their corresponding reference symbol transmit power is known (signalled between eNBs), so that the inter eNB path loss can be estimated. 
Given the aforementioned inter-eNB path loss information, a matrix for initial BCC selection is formed as illustrated in Figure 2, where the eNBs are sorted according to the experienced path loss from the new eNB (#4 in the example). As illustrated on the figure, only the neighbouring eNBs within a certain path loss threshold are taken into account. Neighbouring eNBs with higher path loss are not taken into account as there is marginal interference coupling with those. Based on this matrix, we propose the following procedure (updated version of the one proposed in [3]) for initial base component carrier selection:

1. If there are row entries in the matrix with no selections, then the corresponding component carrier is selected; if there are multiple of such rows, either select randomly, or select the component experiencing the lowest uplink received interference power). Otherwise go to step 2.

2. If there are row entries without “B”, select one of those for BCC. Select the row entry with lowest number of “S” if there are multiple rows without “B”.

3. If all row entries include “B”, select the component carrier for BCC with maximum path loss to the neighbouring eNB having the same component carrier as its primary.

· In the rows with multiple “B”s the path-loss values of the corresponding eNBs are summed up (in linear domain) if they are within a window of 3dB and the resulting value is used in the selection algorithm based on maximum path los value criteria (update compared to [3]).
4. In cases there are multiple candidate component carriers for base according to the above rules, select the component carrier with lowest experienced uplink interference. Hence, based on eNB measurements of the uplink received interference power (RIP)
.  

The above rules essentially assume priority of base over supplementary component carriers, as each eNB should always have one base component carrier with full cell coverage. The inter eNB path loss measurements are used to ensure that only eNBs with the largest possible path loss separation select the same component carrier for base component carrier.
For this algorithm to work, each eNB is requested to send its own component carrier radio resource allocation table (RRAT) over a specified signalling channel, i.e. the selection of the CCs and their use type: base or supplementary. Further referring to Figure 2, the above mentioned RRAT corresponds to one column in the matrix and from all the received RRATs a given eNB can build the full matrix. The exact implementation details and information content for the RRAT are for further study. In any case, for this purpose it is practical to assume a low capacity signalling channel (wired or wireless).
Naturally, the exact procedure to build and use the matrix from the available RRATs information is mostly implementation specific. The time duration and time-dependent features of the initial BCC selection process are FFS. However, some of the time-domain aspects can be already addressed at this stage as discussed further in Section 2.2. We use the simple, matrix based BCC selection algorithm presented above.
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Figure 2 Example of matrix for initial base component carrier selection formed at the new eNB#4  for a scenario with 7 active/powered-on eNBs (3 CCs are available).

2.2 Initial base component carrier selection scenario

In practical deployment scenarios not all the eNBs are active at all time. This can be due to long-term traffic demand patterns, e.g. time of the day dependent traffic, and also due random activation/deactivation (power off/on) of eNBs, e.g. in residential use cases. 
Here we can make the assumption that an installed eNB which does not serve traffic is 'in-active', and does not reserve any of the available CCs, thus enabling the other active eNBs to freely select them. In the alternative case, all eNBs could be configured such that after a BCC selection (initial or re-selection) they keep using it and signal it as 'in use' to other eNBs even when they do not serve traffic. Both scenarios lead, however, to the need for further analysis of the initial BCC selection algorithm behaviour when one or several eNB(s) are activated or powered-on in a geographical area where existing and already active eNBs have selected their BCC and potentially also serve traffic.
This 'time-domain' aspect leads to the natural cases where the inter-eNB path loss matrix collected at a given eNB (eNB#4 in Figure 2), can contain only partial information even for the entries corresponding to the set of eNBs which would normally be below the path loss threshold used, Clearly, in this respect, and from algorithmic point of view, the not available (n/a) eNBs are treated similarly to the eNB#5-#7 which are below the path loss threshold.
Next, an initially not available eNB is assumed to be activated/powered-on at a certain moment in time after several other eNBs have already been powered on.  Given the existing BCC selection of the previously activated eNBs and the algorithm described in Section 2.1 the 'new' eNBs select its own BCC based on the information available from the RRATs of the other eNBs. Two basic situations are possible for any of the previously activated eNBs:

1) It is serving UE traffic on the already selected BCC; two sub-cases are possible:

a. no SCC has not been selected, or

b. at least one SCC has been already selected and is used
2) It is still operating in the initial BCC selection phase, i.e. UE traffic is not served

The new interference scenario created by the activation of the 'new' eNBs can happen to be critical for the neighbouring eNBs within the given path loss threshold and, the ACCS algorithm in the previously activated eNBs may have to trigger potentially a BCC re-selection procedure. The simplest approach in this case is, for the previously activated eNBs, to re-run the initial BCC selection algorithm as described in Section 2.1. This can, however, lead to an undesired 'avalanche' of BCC re-configurations among the affected eNBs and potentially lead to a complete re-configuration of the allocated BCCs in the given geographical area covered by the eNBs. Obviously, this result should be avoided and the number of re-configurations kept to minimum, both per individual eNB (during their active time) and over all the eNB active in the area. The simple, matrix-based Initial BCC selection algorithm [3] is not implicitly robust against reconfiguration 'avalanche' phenomena. Thus this algorithm can be used only for the very first selection of the BCC, while subsequent BCC re-selections should be handled by other type of procedures which take into considerations the UE SINR and traffic conditions on the available CCs. 
In this contribution we analyze the ACCS operation in case 1a) described above in terms of DL SINR performance on the BCC. We further assume that the initial BCC selection phase of each eNB has the duration of one simulation frame starting from the time of its activation and that its CCRAT information (one column in Figure 2) is always available to all other eNBs.
3. Simulation assumptions
3.1. Deployment Model
We consider a block consisting of two stripes of apartments, each stripe having 2 by 10 apartments [9]. Each apartment is of size 10m x 10m. There is a street between the two stripes of apartments, with width of 10m.  Each block is therefore of size 120m x 70m. The scenario is illustrated in Figure 3.
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Figure 3 The dense urban building layout model with two apartment buildings, each having 20 apartments with one low power HeNB per apartment [9].
It is assumed that with a probability P there is one low power eNB in each flat. In the absence of an eNB, we assume that there are no active users in the flat. By default, we assume a single floor only. Hence, a scenario with up to 40 eNBs is simulated if the deployment ratio is P=100%. Both eNBs and the UEs are dropped uniformly at random positions inside each apartment area. The number of UEs per apartment is uniform random distributed between 1 and 4. Furthermore, we assume a closed subscribed group (CSG) scenario where the UEs in given apartment area can connect only to the eNB located in the same apartment. Path loss and log-normal shadowing are considered, but fast fading is not explicitly simulated. The path loss models considered for the eNB-to-UE and eNB-to-eNB propagation are summarized in Table A.1 base on R4-091422 [9].
3.2. System Model

The main ACCS system simulation parameters are listed in Table 1.
Table 1 System simulation parameters settings.
	Parameter
	Description/Value

	Deployment ratio (probability of eNB being present in an apartment) [9]
	{25%, 50%, 75%, 100%}

	Number of  floors 
(40 apartments each, 20 apartments per stripe)
	1

	Number of UEs per apartment
	Uniform random between min 1 and  max 4

	UE-to-eNB connectivity scenario
	Closed Subscriber group (CSG) = UEs can connect only to the eNB in the same apartment

	Number of eNB layout realizations for each deployment ratio value
	100 for the results in Section 4.1
20 for the results in Section 4.2

	Number of simulation frames (minimum simulation step)
	1 for the results in Section 4.1
65 for the results in Section 4.2

	Path loss threshold for initial BCC selection (see Section 2.1), PLThreshold
	140 dB

	Initial BCC selection algorithm
	'RndBCC': random BCC selection used as 'worst-case' reference
'MtxBCC': matrix-based algorithm describe in Section 2.1

	Total number of CCs available
	3

	Bandwidth per CC
	10 MHz 

	eNB activation scenario
	'SimAct': simultaneous with all eNBs activated in one simulation frame
'SeqAct': sequential, one eNB activated per simulation frame
'RndAct': in random groups with random number of eNBs activated per simulation frame

	Packet scheduling
	Round robin per simulation frame

	CC Radio Allocation Table (CCRAT) transmission/reception
	All activated eNBs broadcast their CCRAT. This information is available to the other eNBs in the next simulation frame (i.e. with 1 simulation frame delay).
All activated eNBs can receive and decode error free the broadcasted CCRAT from all other active eNBs.

In one simulation frame a given eNB can both receive other available CCRATs and broadcast its own CCRAT.

	Number of eNBs activated with delay 
	10

	Delay between the activation of the Initial group and Delayed group of eNBs  
	45 simulation frames

	Intial eNB activation scenario, excluding the delayed eNBs
	'RndAct': in random groups with random number of eNBs activated per simulation frame

	Delayed eNB activation scenario (after the activation delay)
	'SimAct': simultaneous with all eNBs activated in one simulation frame
'SeqAct': sequential, one eNB activated per simulation frame
'RndAct': in random groups with random number of eNBs activated per simulation frame


Referring to Figure 2, the eNBs which are included/considered when building the matrix for the selection of the BCC, form a neighbour-eNB set. The size of the neighbour-eNB set for the i-th eNB, NeNBSetSize(i), is defined as the total number eNBs, eNB(j), with relative path loss value, PL(i,j), below the path loss threshold, PLThreshold:

NeNBSetSize(i) = length{eNB(j ) | j≠i, PL(i,j) ≤ PLThreshold}





(1)
4. Performance results
4.1 Path loss distribution and eNB set size used for initial BCC selection
Figure 4 shows the distribution of the inter-eNB path loss values – i.e. between pairs of eNBs, PL(i,j) in Eq.(1) – when 100% eNB deployment ratio has been simulated. The value for the path loss threshold, PLThreshold, used for initial BCC selection (see Section 2.1) has been set to 140 dB, which captures approximately 77% of the overall obtained inter-eNB path loss values
. The selected large value for the PLThreshold parameter corresponds to the very  ideal case when all relevant neighbouring eNBs are used in the initial BCC selection process. When practical receiver sensitivity levels of -94 dBm to -97 dBm are considered (according to TR36.104), a path loss threshold value of 120 dB can be used, and this captures approximately 56% of the overall obtained inter-eNB path loss values.
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Figure 4 The Inter-eNB path loss distribution and the path loss threshold value of 140 dB used in the initial BCC selection algorithm. The path loss threshold value of 120 dB corresponds to the -97 dBm receiver sensitivity.
Figure 5  shows the distributions of the neighbour-eNB set sizes – i.e. the distribution of the NeNBSetSize(i) from Eq. (1) for PLThreshold = 140dB – when 25%, 75% and 100% eNB deployment ratio has been simulated, respectively. It is easy to notice that the average neighbouring-eNB set size, {7, 22, 29}, increases linearly with the deployment ratio. The corresponding results for PLThreshold = 120dB can be found in the Annex A.2 and yield an average neighbouring-eNB set size {5, 16, 21}, respectively. Hence, based on the algorithm presented in Section 2, any given eNB would have to listen to and exchange RRAT-like information with approximately 55 % to 70 % of the neighbouring active eNBs in order to be able to make the optimal decision when selecting its cell-specific BCC.
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Figure 5 The distributions of the neighbour-eNB set sizes for PLThreshold = 140 dB and 25%, 75% and 100% eNB deployment ratio. The average neighbouring eNB set size are also indicated.
4.2 Initial BCC selection performance
Random versus Matrix-based initial BCC selection
Here we analyze the performance of the simple matrix-based initial BCC selection algorithm described in Section 2.1. See Table 1 for the ACCS assumptions used.  Figure 6 shows the comparative results obtained for different eNB deployment ratio and activation scenarios in terms of the distribution of the average DL UE SINR on the selected cell-specific BCC. The distributions indicate the statistical average distributions over all simulated layouts, drops, UEs and simulation time steps. The results for the 50% and 75% deployment ratio can be found in Annex A.3.
The simple random BCC selection results are compared with the results obtained when using the matrix-based selection algorithm. Generally for all eNB deployment ratio cases and for both randomized eNB activation scenarios ('SeqAct' and 'RndAct'), the results show a clear improvement in terms of experienced DL SINR when employing the matrix-based initial BCC selection algorithm. For the 'SimAct' scenario two selection algorithms have similar performances or even better with random BCC selection. This scenario is a very difficult one from algorithmic point of view as in practice it would require that all eNBs share/ broadcast their BCC selection and make the optimal selection based on the RRAT information from the interfering eNBs in one single step (the activation time period). This further highlights the practical need for a better signalling/broadcast mechanism (timing, periodicity, etc.) of the RRAT information in case the target is to solve such extreme operating situation/ scenarios. Alternatively, one can rely on the other ACCS mechanisms, such as the BCC re-selection procedures, to further refine the CC selection while the UEs are already being served.
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Figure 6 Distribution of average DL UE SINR  for different base component carrier selection methods: 'RndBCC' for random BCC selection, and 'MtxBCC' for matrix-based BCC selection (see Table 1). Three different eNB activation scenarios are presented, in combination with 25% and 100% deployment ratio cases.
Impact of the activation of 'new' eNBs
The next step of our analysis is to look into the scenario with delayed activation of 10 (25%) eNBs. The activation delay was set to 45 simulation frames in order to ensure that initially activated eNBs have already selected a BCC and are also serving DL UE traffic. This is clearly a sub-case of the Scenario 1 presented above. We focus again only on the DL UE SINR performance on the selected BCC and leave the more complex analysis including SCC as future work. The initial eNBs are assumed to be activated as in the 'SeqAct' scenario, while the 10 delayed eNBs are activated as in the 'SimAct', 'SeqAct' or 'RndAct' scenarios.
Figure 7 show the results for three different (total/final) deployment ratios while keeping always 10 eNBs as 'new' eNBs activated with a delay. As expected, the low deployment ratios are more sensitive to the activation of 'new' eNBs because of the more significant change in the spatial interference distribution. These results further highlight that after an initial BCC selection any eNB should be able to monitor and potentially 'recover' the performance on its selected BCC in order to make the system adaptive to such scenarios as modelled with delayed activation of eNBs, regardless of the deployment ratio.
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Figure 7 Distribution of average DL UE SINR for different base component carrier selection methods and delayed activation of 10 eNBs. Three different eNB activation scenarios are presented, in combination with 50% and 75% and 100% deployment ratio cases.
5. Concluding remarks
In this contribution we have presented a new set of performance results to further illustrate the performance of the proposed Autonomous Component Carrier Selection (ACCS) scheme for LTE-Advanced interference coordination. The ACCS concept is mainly proposed for small BTS types such as Femto and Pico nodes. Specifically the robustness of the proposed initial base component carrier selection algorithm has been analyzed and demonstrated in an environment with dense deployment of up to 40 low power HeNBs.

The study was based on the assumption that each low power HeNB can detect and measure the signals from the other surrounding eNBs in order to estimate the average path-loss towards them, according to [2][3]. A further assumption was the existence of a low capacity signalling of information between active HeNBs to signal at least their selection of component carriers and their use type (base or supplementary)[8]-[10].

From the current results we can draw a few main conclusions:

1) The current results indicate that there is a clear gain from using a relatively simple initial BCC selection algorithm compared to a pure random BCC selection. In order to support this type of initial BCC selection algorithms a RRAT-like information exchange between the HeNBs has to be standardized first.
2) During the initial BCC selection procedure, any HeNB ideally would have to listen to and exchange RRAT-like information with approximately 55 % to 70 % of the neighbouring active HeNBs in order to be able to make the optimal decision when selecting its cell-specific BCC.

3) The initial BCC selection (when UE's are not served yet) and the BCC re-selection/ recovery (while UE traffic is being served) have to be defined as two different mechanisms.
Given these positive indications for ACCS, we propose to further consider standardization of such concepts for LTE-Advanced as also proposed in [8].
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ANNEX

A.1 Deployment Model 
Table A.1 Summary of eNB-to-eNB and eNB-to-UE path loss models for dense urban scenario [9].

	Cases
	Path Loss (dB)

	eNB to  eNB
and

eNB to UE
	(1) Dual-stripe model: Both eNBs are or eNB and UE inside the same apt stripe 


	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between the two eNBs or between the eNB and UE
In case of a single-floor apt, the last term is not needed

	
	(2) Dual-stripe model: The two eNBs or the eNB and UE are inside  different apt stripes
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low + Low 

R and d2D,indoor are in m

q is the number of walls separating apartments between the two eNBs or between the eNB and UE


The penetration loss of inner (Liw) and outer walls (Low) of the apartment stripes were set to 5 and 10 dB, respectively.
A.2 Path loss distribution and eNB set size used for initial BCC selection
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Figure A.1 The distributions of the neighbour-eNB set sizes for PLThreshold = 120 dB  and  25%, 75% and 100% eNB deployment ratio. The average neighbouring eNB set size are also indicated.

A.3 Initial BCC selection performance
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Figure A.2 Distribution of average DL UE SINR  for different base component carrier selection methods: 'RndBCC' for random BCC selection, and 'MtxBCC' for matrix-based BCC selection (see Table 1). Three different eNB activation scenarios are presented in combination with 50% and 75% deployment ratio cases.[image: image18.emf]  n/
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� The terminology of BCC and SCC is transparent to the UEs and only known by the network. We mainly introduce this terminology for the purpose of “priority” if we detect interference problems between neighbouring cells.


� Notice that RIP measurements are defined for LTE Rel’8 per PRB in 3GPP TS 36.214.


� The maximum path loss of 140 dB corresponds to a received signal of 23 dBm-140 dB = -117 dBm, which is approximately  20 dB below the LTE eNB receiver sensitivity specifications for a system bandwidth of 20 MHz according to TR 36.104.





