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1 Introduction
In RAN WG1 Meeting #72bis, it was agreed that the following candidate interference avoidance and coordination techniques for efficient small cell operation may be considered:

· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available

· Enhanced power control/adaptation (for both downlink and uplink)

· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul

For each of the techniques, further study includes the followings:

· Feasible time scale (i.e., how fast or slow the technique is applied)

· Performance analysis/gain

· Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision

· Consideration on its potential impacts on other system performance, for example, coverage, increased handover and signaling, energy consumption, possible impact on IDLE mode UEs 

In this contribution, network adaptation, a set of techniques for operation efficiency improvement via small cells on/off, carrier selection, and power control, will be discussed. 
2 Network adaptation 

In this section, the concept of network adaptation will be clarified, including the main characteristics, feasible time scales, enhancements necessary for network adaptation decision making, and consideration on potential network impacts.
Network adaptation techniques may include small cell on/off adaptation, carrier selection, and downlink power control. 

· Small cell on/off adaptation refers to the adaptive turning on and turning off of a small cell. When the small cell is turned on, it acts as a legacy carrier and may transmit the signals existing in a legacy carrier and signals necessary for data transmission, such as reference signals used for measurements and demodulation. When the small cell is turned off, it does not transmit any signals including legacy carrier signals or signals necessary for data transmission.
· Small cell carrier selection refers to the adaptive turning on and turning off of one or more of a small cell’s multiple component carriers (CCs). The transmission behavior of a turned-on (or turned-off) CC is as described as that of a turned-on (or turned-off, resp.) small cell.
· Small cell downlink power control refers to the adaptation of a small cell (which may also refer to a small cell CC) transmission power, including possibly both the common channel power and data channel power.
Though these techniques differ in various aspects, as shown in the following sections, similar mechanisms, procedures, and measurements may be introduced to support them. In addition, it is likely that they will be implemented together in a small cell deployment to ensure efficient operation of the networks. Therefore, it is useful to study these techniques together as an integrated solution.

2.1 Feasible time scales

To study feasible time scales for network adaptation techniques such as small cells on/off, carrier selection, and power control, one example of the possible event/signaling flow diagram is illustrated in Figure 1. Note that not all events/signaling shown in this figure are necessary for each network adaptation technique in every circumstance, and those that may be optional are shown as dash lines/braces. In addition, some events/signaling may occur concurrently with some other events/signaling. Nevertheless, elapsed times due to, e.g., backhaul delays, cell configuration detection, stable measurements, RRC signalling, RF/AGC/etc. turning on and stabilizing [6], etc., may affect the feasible time scales for network adaptation, and further studies may be needed. 
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Figure 1. An event/signaling flow diagram example for network adaptation activities (e.g. a small cell or a CC turning on, downlink transmission power adaptation). Dash lines/braces: optional events/signaling
Some feasible time scale examples are presented in Table 1. The step numbers in the “Event/signaling” column correspond to the numbering in Figure 1. A few notes follow:

· On/off adaptation. The feasible time scales may be different with or without network assistance. With network assistance, the network may inform the UE regarding the updated configuration (e.g. a small cell turning on), and then the UE can start detecting the updated configuration. Without network assistance, the UE may not be aware of the updated configuration and it may even wait for an indefinite time till it starts detecting the updated configuration. After a small cell is detected, if a UE is capable of supporting dual connectivity, a handover (HO) procedure does not necessarily follow, but HO may be generally needed for UEs not capable of supporting dual connectivity. 
· Carrier selection. The feasible time scales may be different for carrier aggregation (CA) capable UEs and non-CA capable UEs. A serving small cell may configure a newly turned-on CC as a secondary cell for a CA capable UE in order for the CC to serve the UE, but an intra-eNB HO is needed for a non-CA-capable UE in order for the CC to serve the UE. 
· Downlink power control. A small change in downlink transmission power may not be signaled to the UE (that is, transparent to the UE), and the communication based on update transmission power may be in effect after a few milliseconds. On the other hand, a large/abrupt change in downlink transmission power may need to be conveyed to a UE via paging/system information modification and a few hundreds of milliseconds may be likely.
Table 1. Feasible time scale examples (unit of time: ms)
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Proposal 1: Possible values of the feasible time scales for network adaptation, if using currently existing procedures, are as following:

· Small cell on/off adaptation: [400ms] ~ [2000ms]

· Small cell carrier selection: [300ms] ~ [1200ms]

· Small cell downlink power control: [10ms] ~ [400ms]
Proposal 2: Further study the benefit, feasibility, and standards impacts to reduce the time scales of these techniques.
2.2 Enhancements useful for network adaptation decision making

In this section, we discuss the necessary enhancements of mechanisms and procedures for network adaptation decision making. 

2.2.1 Uplink signal enhancements

A turned-off small cell (or CC) may monitor the uplink, such as RACH, SRS, or modified existing uplink signals, to decide if it needs to be turned on. It may also be used to determine the proper transmission power level of the small cell. As also acknowledged in [4], further enhancements are needed. The following aspects may be improved:

· Power control. Existing RACH/SRS power control is based on the UE’s pathloss to a known target cell. Such a target cell may be a macro, but the uplink signal is supposed to reach some nearby small cell which may not be known to the UE. It may not be suitable that the UE sets the uplink signal power based on the current pathloss and power control.  Thus, different power control may be needed. 

· Triggers. The network may transmit signals to trigger these uplink transmissions when needed for flexibility and efficiency. 

· Resource allocations and sequences. The uplink signal may not use legacy RACH/SRS resources to avoid potential collisions/ambiguities between the uplink signal and legacy RACH/SRS. In addition, if there is no need for the network to distinguish the UEs transmitting the uplink signals, overlapped resources (which can reduce overhead) and common sequences (which can reduce detection complexity) may be considered for the uplink signal.

Observation 1: Enhanced RACH/SRS may be useful for supporting network adaptation decision making.
2.2.2 Downlink discovery reference signals (DRS)
DL measurements at the UEs may be needed for the network to make better adaptation decisions. Discovery signals (DRS) may be a good candidate [5]. Note that DRS may be transmitted from a set of antennas associated with a small cell that is turned off (see [2]) and hence the measurement feedback based on DRS can help the network determine whether it is needed for the small cell to be turned on.
Observation 2: DRS may be useful for supporting network adaptation decision making.
2.2.3 Network evaluation of adaptation decisions
The decision of the power level and on/off status of a small cell or a CC may affect multiple cells and UEs. It may occur that a decision is beneficial to one small cell’s UEs but negatively impact other cells’ UEs. Ping-pong behavior may also occur as a result of network adaptation. Therefore, it is desirable to evaluate the potential impact of an adaptation decision on the network before it is implemented. One way to support this is based on the multiple CSI processes introduced in Rel-11 CoMP, that is, a CSI process may be used to pre-evaluate a network adaptation hypothesis. This is mainly a network/eNB implementation issue and may require limited specification support.
Observation 3: Mechanisms to allow the network to assess network adaptation decisions may be useful for supporting network adaptation.
2.3 Potential network impacts

Other potential network impacts may include the coverage issue, if a small cell or a CC is allowed to be turned off or reduce its (common channel transmission) power. However, if there exists a coverage layer, such as a macro layer, the coverage issue can be resolved by relying on the coverage layer. Furthermore, idle UEs can also be supported if they are camped on the coverage layer, which is allowed by the current cell selection mechanism.

Observation 4: Network coverage and idle UE support can be ensured if a coverage layer (e.g. macro layer) exists.
Network adaptation, especially on/off of a small cell or a CC, may lead to sudden interference (and hence measurement) jumps in the network. If the measurement filtering has a large time constant, it may take a long time for the measurement to track a new interference condition. Mechanisms may be introduced to cope with the sudden measurement jumps due to network adaptation. A simple way is to send a measurement reset signal to a UE to help the UE adjust its filtering appropriately.

Observation 5: Mechanisms to cope with sudden measurement jumps due to network adaptation may be useful for supporting network adaptation.

To summarize the observations, the following is proposed.
Proposal 3: Consider to introduce the following mechanisms to support network adaptation:
· Enhanced RACH/SRS
· DRS
· Mechanisms to allow the network to assess network adaptation decisions
· Mechanisms to cope with sudden measurement jumps due to network adaptation
3 Performance evaluations

Performance benefits of introducing small cell on/off adaptation and carrier selection have been observed in system-level simulations. Detailed simulation assumptions can be found in Appendix. It should be pointed out that further improvements may be possible, such as combining these network adaptation schemes with load shifting/balancing and enhanced UE-cell association [7].
3.1 Small cell on/off adaptation

The baseline is the case without any on/off adaptation, namely all cells remain on throughout the simulations. To compare, the following schemes were simulated:

· Scheme 1: Small cell on/off adaptation based on UE-cell associations (i.e. turning on a small cell only if there is UEs attached to it)
· Scheme 2: Small cell on/off adaptation based on packet arrivals (i.e. turning on a small cell only if the cell is transmitting data)
For the baselines and the schemes, cell selection based on RSRQ and SINR (with bias) were simulated (cf. [7]).
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Figure 2. Gains of on/off adaptation schemes over baseline, with moderate traffic load
The simulation results show that, with Scheme 1, the simple, static small cell on/off adaptation scheme, about 10%~20% throughput gains were observed, and with Scheme 2, the ideal, dynamic small cell on/off adaptation scheme, about 30%~110% throughput gains were observed. In either case, SINR based cell selection offers higher gain (especially for 5%ile throughput) and more uniform gains than RSRQ based cell selection.
3.2 Small cell carrier selection

For small cell carrier selection, the baseline is the case with both carriers always on. To compare, the following schemes were simulated:

· Scheme 1: Static carrier selection, with one fixed carrier for each small cell turned on throughout the simulation
· Scheme 2: Dynamic carrier selection, with one or two carriers turned on based on packet arrivals and UE measurements 
Similar to on/off adaptation simulations, cell selection based on RSRQ (with bias) and SINR (with bias) were simulated.
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Figure 3. Gains of carrier selection schemes over baseline
The simulation results show that, with Scheme 1, the simple, static small cell carrier selection scheme, about 20% throughput gains were observed (further enhancement may provide higher gains), and with Scheme 2, the ideal, dynamic small cell carrier selection scheme, about 70%~140% throughput gains were observed. 
4 Conclusion
This contribution discussed network adaptation for interference avoidance and coordination which may improve operation efficiency. Throughput gains have been observed in the considered small cell on/off adaptation and carrier selection schemes. The following are proposed: 
Proposal 1: Lower bounds and likely values of the feasible time scales for network adaptation, if using currently existing procedures, are as following:

· Small cell on/off adaptation: [400ms] ~ [2000ms]

· Small cell carrier selection: [300ms] ~ [1200ms]

· Small cell downlink power control: [10ms] ~ [400ms]
Proposal 2: Further study the benefit, feasibility, and standards impacts to reduce the time scales of these techniques.
Proposal 3: Consider to introduce the following mechanisms to support network adaptation:

· Enhanced RACH/SRS
· DRS
· Mechanisms to allow the network to assess network adaptation decisions
· Mechanisms to cope with sudden measurement jumps due to network adaptation
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Appendix 
Table 2. Simulation assumptions
	Layout
	Scenario #2a
Macro 7*3
Small cell: Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	Macro: 10MHz, small cell:10MHz

	Carrier frequency 
	Macro: 2.0GHz, small cell: 3.5GHz

	Carrier number
	Macro: 1, small cell: 1 (in on/off adaptation simulations) or 2 (in carrier selection simulations)

	Total BS TX power (Ptotal per carrier)
	Macro: 46dBm, small cell: 30dBm

	Antenna configuration
	2Tx2Rx

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Number of UEs 
	30 UEs per macro sector area

	Traffic model
	FTP model 3, with lambda = 0.3 (in on/off adaptation simulations) or 0.5 (in carrier selection simulations)

	UE dropping
	Baseline: 1/3 UEs per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UEs randomly and uniformly dropped within the clusters. 

	Cell selection criteria
	RSRQ (based on realistic traffic) + bias, long-term SINR + bias


