3GPP TSG-RAN WG3 Meeting #74
R3-112893
November 14 - 18, 2011
San Francisco, USA,
Agenda item:      12.2
Source:
ZTE Corporation
Title:
Discussion on Robust Operating Carrier Selection
Document for:     Discussion & Decision
1. Introduction
Use cases of carrier-based eICIC WI have been discussed from RAN3#72bis to #73bis [1] ~[7]. Some open questions are listed for further discussion. The first two questions are related with carrier selection as shown below:

	- How to perform operating carrier(s) selection at macro/pico/RRH?

- How to perform operating carrier selection at HeNB?


In RAN3#73 and RAN3#73bis, some discussion papers on possible solutions have also been submitted. Our outstanding is that the fundamental issue and challenge of operating carrier selection lies in the robustness of operating carrier selection solutions. In this paper, we discuss the design principle and use cases for robust operating carrier selection. We further provide a general signaling architecture for robust operating carrier selections. 
2. Discussion on robustness of operating carrier selection
One of the objectives of this WI is [1]:

· “Study inter-node signalling needed for robust autonomous solutions, where each BTS node selects to use the carrrier(s) that maximize the overall network performance (RAN3).”
As discussed in [3][4][7], there are innegligible risks if autonomous carrier selection/reselection solutions are adopted into the spec. Such risks may include high interference, fluctuated radio environment, dramatic performance degradation and so on. To accommodate the risks, the robustness of operating carrier selection must be carefully considered. By taking into account issues related with robust solutions, we propose the following design principles:
1) For each eNB, carrier selection, reselection, activation, or deactivation should be made no more frequently than once per seconds.
2) For any candidate solutions, especially distributed solutions, conflict of interest for neighboring eNBs should be properly addressed:
a) Carrier usage should be “authorized”  or confirmed by OAM system subject to operator’s pre-defined policy; 

b) Carrier usage should be prioritized in cases that conflict of interest may happen and which may cause a violation of operator’s pre-defined policy.
c) Some kind of fairness should be ensured. For instance, each eNB should have the right to activate at least one carrier. 
3) Protection mechanisms should be included in the robust solutions:
a) Optimization of overall system performance with avoidance of large interference or dramatic performance degradation;
b) Protection from misuse of carriers by eNB
c) Protection from abnormalities
Proposal 1: some design principles should be followed for the robustness of operating carrier selection. For example, carrier usage should be “authorized” or confirmed by OAM system subject to operator’s pre-defined policy.
2.1. Use cases for robust operating carrier selection
The following discussion on operating carrier selection applies also to carrier reselection, activation, reactivation, and deactivation. 
Use Case 1: coexistence of pre-planned and autonomous operating carrier selection 
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Figure 1: pre-planned vs. autonomous operating carrier selection (Use Case 1)
Figure 1 shows the coexistence of pre-planned and autonomous operating carrier selection mechanisms. Typical cases are the coexistence of coordinated and uncoordinated eNBs/cells. A basic example is that operators deploy coverage layer by manual network planned and optimization and another capacity layer by autonomous network organization and optimization. For this case, it is essential to require the autonomous carrier selection to avoid or minimize interference to the pre-planned eNB (mainly referring to its deployment location) and the pre-planned carrier. Note a macro eNB usually is a pre-planned eNB with pre-planned carrier(s) (RRH is a similar case). A pico eNB is likely to be a pre-planned eNB with pre-planned carrier(s) or autonomous-selected carrier(s) within a configured carrier subset. A CSG/hybrid HeNB can be usually installed by users and thus is an eNB without pre-planning. It can usually use autonomous-selected carrier(s) within a configured carrier subset. Open HeNB can also be pre-planned in a similar way as pico eNB. The following table is a summary:
Table 1: Typical deployment case of macro, pico, RRH and HeNB

	
	Deployment location
	Carrier selection

	Macro eNB/RRH
	Pre-planned
	Pre-planned

	Pico eNB/open HeNB
	Pre-planned
	Pre-planned or autonomous-selected within a configured carrier subset

	CSG/hybrid HeNB
	autonomous
	autonomous-selected within a configured carrier subset


We can assume that the interference between pre-planned eNBs or cells is minimized and the performance is optimized. Those eNBs or cells can be also called coordinated eNBs or coordinated cells. Thus issues of robust operating carrier selection exist in the interference coordination between pre-planned eNB/cell and autonomous eNB/cell, or among autonomous eNBs/cells. For interference coordination between pre-planned eNB/cell and autonomous eNB/cell, it is reasonable to require that any change made by autonomous eNB/cell should avoid to conflict with the interest of pre-planned eNB/cells.
Use Case 2: coexistence of autonomous carrier selection
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Figure 2: coexistence of eNBs with autonomous carrier selection mechanisms
The coexistence of eNBs with autonomous carrier selection is typical in case of densely deployed pico/Femto cells. Following the above-mentioned design principles, autonomous carrier selection should provide some kind of fairness between pre-planned or autonomous deployed eNBs with autonomous selected carriers. For simplicity and robustness, prioritized solution is preferred by taking into account some factors affecting the fairness and overall system performance. Such factors may include:
· Initial cell selection/activation or 2nd /additional cell selection/activation

· Cell size 
· The number of connected UEs or cell load
· policy-based carrier priority
Proposal 2: RAN3 is kindly proposed to consider Use Case 1 (coexistence of pre-planned and autonomous operating carrier selection) and Use Case 2 (coexistence of eNBs with autonomous operating carrier selection) as two cases for considering robust operating carrier selection.

3. Signaling architecture for robust carrier selection solutions
3.2. General signaling architecture

The general signaling architecture for robust carrier selection solutions can be shown as follows:
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Figure 3: general signalling architecture for robust carrier selection
Step 1a: eNB1 (the eNB to select operating carrier) collects information from OAM system (or HeMS for HeNB). Such information may include candidate carrier subset as well as policy-related information (such as location authorization and regulation policies).

Step 1b: eNB1 collects information from neighboring eNBs by autonomous scanning/measurement (such as in NLM mode) or X2 interface with eNB2; (eNB2 may collect necessary information through its UEs’ measurement reports if eNB1 has one carrier already in operation.)
Step 1c: eNB1 may also collect information of neighbor eNBs through UEs’ measurement report if eNB1 has one carrier already in operation and is going to select a second or additional operating carrier; (NOTE: the appearance order of step 1a, 1b and 1c can be implementation flexible. For example, the order of step 1a and 1b can be exchanged.)
Step 2: eNB1 initialize carrier selection/activation or reselection procedure, e.g. it may identify a few preferred carriers based on information collected through step 1a to 1c. 
Step 2a: eNB1 signals to its neighbors for incoming carrier selection, reselection or activation;

Step 2b: eNB2 can respond to eNB1 for acknowledgement of carrier selection;

Step 2c: eNB1 reports to OAM system (or HeMS for HeNB) and receives responses before activating the selected carrier;

Step 3: eNB1 activates the selected carrier;

3.3. Information collection before initialization of carrier selection/activation
Some kind of information is essential before initialization of carrier selection/action. Basically, such information includes OAM based information and neighbor information. More specifically, OAM based information may include a set of candidate carriers [7] and policy related information (e.g. location authorization and policy based carrier selection priority). On the other hand, eNB can obtain neighbor information from neighbor eNBs by scanning/measurement or possible X2 signaling. eNB can also make use of serving UEs’ measurement report for collecting neighbor information. Such information may include the carrier frequency and bandwidth used by neighbor eNBs/cells as well as specific configurations and the status of the eNB/cell as follows:

· Initial cell selection/activation or 2nd /additional cell selection/activation

· The cell is activated or not. 
· The number of UEs connected to the cell (as the UEs’ Pcell) or the cell load
· Cell size

3.4. Signaling during carrier selection/activation procedures

To mitigate interference, signaling during selection/activation procedure is required when signaling interface is available.
1) Macro-pico case:

a) Macro signals to the overlapped/neighbor pico via X2 signaling before its carrier activation; (Note: It is assumed all carriers used by macro are pre-planned, thus only carrier activation or reactivation, i.e. no selection or reselection, is possible for macro.)
b) Macro signals to the overlapped/neighbor pico via X2 signaling before or after its carrier deactivation;
c) Pico signals to the overlapped/neighbor macro via X2 signaling before its carrier selection, reselection, or activation;
d) Pico signals to the overlapped/neighbor macro via X2 signaling before or after its carrier deactivation;
2) HeNB-HeNB case:
a) HeNB signals to the neighbor HeNBs via X2 interfaces before its carrier selection, reselection or activation;
b) HeNB signals to the neighbor HeNBs via X2 interfaces before or after its carrier deactivation;
3) Cases where X2 interface is not available up to Rel-10 (incl. macro-HeNB case and inter-CSG case):
a) To be discussed for possible signaling schemes
Proposal 3: RAN3 is kindly requested to consider the general signaling architecture including information collection phase and carrier selection signaling phase shown in Figure 3. 
4. Conclusion & Proposal
In this paper, we are focused on the robustness of operating carrier selection solutions. Our outstanding is that the fundamental issue and challenge of operating carrier selection lies in the robustness of solutions. We fist discuss the design principles for robust operating carrier selection solutions.  

Proposal 1: some design principles should be followed for the robustness of operating carrier selection. For example, carrier usage should be “authorized” or confirmed by OAM system subject to operator’s pre-defined policy.
After that, we illuminate the use cases for considering the robustness of operating carrier selection solutions.

Proposal 2: RAN3 is kindly proposed to consider Use Case 1 (coexistence of pre-planned and autonomous operating carrier selection) and Use Case 2 (coexistence of eNBs with autonomous operating carrier selection) as two cases for considering robust operating carrier selection.

Based on the consideration on design principles and use cases, we present a general signaling architecture for robust carrier selection/activation solutions.

Proposal 3: RAN3 is kindly requested to consider the general signaling architecture including information collection phase and proactive/reactive signaling phase shown in Figure 3. 
Finally, the discussion in this paper can be further improved and extended to develop robust carrier selection solutions.
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