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1. Introduction

The motivations for considering enhancements to small cell on/off functionality in LTE-Advanced Rel-12 include adapting to the presence or absence of UEs to serve, or adapting to traffic load variations in the cell, in order to address mobility and interference issues, as well as to control both network and UE to have efficient power consumption. 

To support small cell on/off, efficient small cell discovery mechanism is necessary, as stated in TR36.872 [1], 

· As a conclusion, enhancement of small cell discovery would be beneficial at least when small cell on/off is supported. In addition, fast and efficient discovery of small cells provides benefits for inter-frequency measurement.

· Efficient small cell discovery procedures can be achieved by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS.

In this contribution, we investigate the possible small cell discovery enhancement scheme for efficient operation of service provided by the dormant small cells with minimum transition time.
2. Overview of Discussed Discovery Enhancement Schemes
Several aspects of small cell On/Off operation have been discussed, as follows,
1. PSS/SSS and CRS interference cancellation (IC)

The small cells transmit the legacy DL PSS/SSS and CRS even when “dormant” (i.e. not intending to serve connected mode UEs.  Thus, this scheme is fully backward compatible.

However, RRC_Connected UEs always have to detect the DL PSS/SSS and report measurements even for small cells to which handover would not be triggered, because the UEs would not know whether the small cells were dormant or not. RRC_Idle UEs would also detect the cells and try to acquire the system information, but since system information would not actually be transmitted by dormant small cells the idle UEs would not reselect to these cells. 
Some PSS/SSS interference cancellation (IC) algorithms would have to be applied at the UE, especially in dense small cell deployment scenarios.

2. Intermittent transmission of DL-SS/RS

If the existing DL synchronization signals or CRS are transmitted with a long duty cycle by dormant small cells, interference to other cells is reduced but only Rel-12 UEs would be able to detect the dormant cells.  If the timing of the SS/RS transmissions was unknown and the duty cycle long, the battery life of the Rel-12 UEs could be adversely impacted.  

The choice of duty cycle length is a trade-off between energy saving / interference reduction and the required UE measurement period for sufficient detection accuracy.    
3. New discovery signals

The factors relevant to designing a completely new discovery signal are similar to those discussed in (2) above. Any new discovery signal is non-backward-compatible and prevents small cell activation to serve pre-rel-12 UEs. 
4. Opportunistic activation and deactivation of small cells based on UL signals [2]
The existing UL signals are utilized by the dormant cell to detect proximity of active UEs.  The candidate UL signals could be a random access preamble, UL SRS, or PUCCH.  UL transmissions can be utilized to trigger a cell to transition from a dormant state to start transmission of DL-SS/RS. This method is fully backward compatible since signals from any UE can be detected and used to trigger small cell wake-up. 
3. Discussion of Uplink-based Small Cell Activation
An analysis of the delays in small cell activation is given in [4,5]. With current procedures, the delay is from several hundred milliseconds to several seconds, the major part of which is due to the downlink measurements and reporting.  

From the observations provided in [3], semi-static cell On/Off based on packet call arrival/completion with transition time larger than 100ms can offer low or no gains.  Therefore, it is of interest to explore ways to shorten the small cell discovery and activation procedure very significantly.  The overhead (e.g. of any discovery signals) and interference issues, as well as the UE operation complexity, must be taken into account.
4. Small Cell Activation and Pseudo-On Scheme
The aim of using uplink based measurements is to remove the need to wait for the downlink detection, measurements and measurement reporting. When a small cell detects UL signals above a threshold SINR, such as SRS, PUCCH or PRACH, it informs the UE’s serving cell by X2, and the serving cell determines if the dormant cell will provide the service to its UEs. The serving cell could wake up the dormant cell and immediately sends a handover command to the UE. From the UE perspective, this is a conventional “blind handover”, but from the network perspective the handover decision is informed by the uplink measurements. Thus the lengthy UE measurement and reporting procedure is bypassed.  However, the transition time for a UE to perform cell acquisition, signaling procedure of the blind handover and measurements for reliable CSI feedback is still long after the small cell being waken up.  The other alternative is that serving cell could incorporate the dormant cell in the CoMP cooperating set.  
The UE is still served by the serving cell and the detected dormant small cell is configured as the other cell or a remote radio head antenna in a CoMP cooperating set.  The dormant cell is activated as the pseudo-On state.   The serving cell will send a CSI process configuration to the dormant cell once the serving cell determines the dormant cell as the optimal cell for sending the PDSCH to the UE after receiving the trigger of UE discovery from the dormant cell.  The dormant cell is configured as another pseudo-On small cell with its own cell ID, the pseudo-On small cell will transmit PSS/SSS/CRS and the NZP CSI-RS once received the CSI-RS configuration.  The pseudo-On small cell does not transmit any PDCCH and broadcast channel to be ready to back to dormant state after providing the service to the UE and to minimize the inter-cell interference.  Alternatively, if the dormant cell is configured as a remote radio head, the dormant cell will only transmit the NZP CSI-RS REs and remain in the dormant state once it received the CSI-RS process configuration.  The serving cell will send a RRC message to the UE to reconfigure the UE as a CoMP UE with additional CSI process configuration, which is transmitted from the dormant cell.  The UE will feed back CSI from both the serving cell and the pseudo-On small cell.  Once the serving cell receives the data for the UE, the serving cell could forward the data and scheduling decision to the pseudo-On small cell in advance (the advanced time depending on the backhaul delay).  The serving cell will send a DL grant through its PDCCH/EPDCCH to the UE.  The UE will receive the data from the pseudo-On small cell PDSCH.  The dormant small cell pseudo-On scheme minimizes transition time of service switching from the serving cell to the dormant cell to a few ms depending on the delay of non-ideal backhaul.  The proposed pseudo-On scheme is also backward compatible to Rel-11 UEs.  
The illustrated procedures of small cell pseudo-On scheme are as follows

· The serving cell configures a CSI process, which includes NZP CSI-RS and CSI-IM resources, for the pseudo-On small cell once it receives the trigger of UE detection from dormant small cell.   

· Both the serving cell and the pseudo-On small cell use the virtual cell ID to scramble their CSI-RS and DM-RS.

· The pseudo-On small cell receives the scheduling decision from the serving cell.

· The UE receives scheduling information granted on PDCCH from the serving cell only.

· The data is transmitted from either the serving cell or the pseudo-On small cell, i.e., in semi-static DPS mode.
The dormant cell discovery is triggered for transition based on UL SRS reception with reliable quality.
Thus we define three operation states for the transmission of one cell, as given by

1. Tx-On State
In this state, the cell is switched on completely as an independent cell, which has its own cell ID.
2. Tx-Pseudo-On State
In this state, the cell is switched on for transmission as a RRH, which uses the virtual cell ID and is subject to the other active cell.
3. Tx-Off State
The cell is switched off completely without transmitting any DL-SS/RS.

The detailed procedure and operation of this solution are illustrated in Fig. 1.
· Step 1: The serving cell informs the potentially-dormant small cell(s) about the UL signal configuration information of its UEs, such as SRS, PRACH and/or PUCCH format 2.

· Step 2: The dormant cell monitors and detects the UL signals of the UEs and checks whether their received SINR levels exceed a predefined threshold. 

· Step 3: If the detected SINR of the received UL signals from a UE is over the threshold, the dormant cell awaits the serving cell’s signaling for activation as an active small cell or a pseudo-On small cell in the CoMP cooperating set.    If the dormant cell is indicated as a pseudo-On small cell, the dormant cell activates its PSS/SSS/CRS and CSI-RS only.  If the dormant cell is indicated as a pseudo-On RRH, the dormant cell activates its CSI-RS only.  

· Step 4: The dormant cell in Tx-Pseudo-On state requests the serving cell to re-configure the UEs with additional cell/RRH in the CoMP cooperating set. 
· Step 5: The serving cell configures the UE to measure the radio channel and receive the data from the pseudo-On cell in advance before the data arrival.
· Step 6: The serving cell will send the data and scheduling decision to the pseudo-On cell when DL traffic arrives for the UE and the pseudo-On cell is the best cell to serve the UE.   If the dormant small cell is on Tx-On state, the data will be routed directly from core network and the scheduling decision and the DL grant will be sent by the Tx-On small cell.  
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Fig. 1 Small cell activation to pseudo-on state as cooperating cell
An alternative procedure is shown in Figure 2, where the decision to activate the small cell is taken at the serving cell. The dormant cell activates its PSS/SSS/CRS, CSI-RS and all control and broadcast signals.  The serving cell immediately sends a handover command to the UE.  UE starts the PRACH access procedure as in a conventional “blind handover”.
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Fig. 2  Small cell activation based on UL SRS with serving-cell control of small cell activation
These schemes do not require the UE to detect the dormant cell.  It therefore minimizes the transition time from the serving cell to service being provided by a previously-dormant small cell.  Most significantly, this scheme is backward compatible to legacy UEs.  
5. Evaluation Results of Uplink-based Dormant Cell Activation
In this section, we provide some simulation results to demonstrate the feasibility of UE discovery and small cell activation based on UL SRS.  The simulation assumptions and parameters are summarized in Table 2.

Table 2  Simulation Assumptions and Parameters
	Network topology
	SCE Scenario 1 with 1 cluster/sector

	UE Association
	Based on RSRP, 0 dB bias

	Macro Cell layout

	Hexagonal grid, 3 sectors/site, 7 Macro sites, wrap-around

	Small Cell layout

	4 small cells/cluster

	UL fractional power control parameters
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	SRS SINR calculation
	No co-channel interference

	SRS threshold
	10 dB
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Fig. 2
SRS SINR performance in SCE Scenario 1
If it is assumed the threshold of SRS SINR is set to be 10dB (this would be a worst case; typically it could be much lower), there are 80% UEs detected by the 1st strongest neighbouring cell, 60% UEs detected by the 2nd strongest neighbouring cell and 40% UEs detected by the 3rd strongest neighbouring cell.  Thus the activation performance based on UL SRS can be very attractive compared to downlink-based discovery schemes, and is also applicable to all UEs from Release 8 onwards.  

6. Possible Specification Impacts 
The proposed scheme of small cell blind handover forced by serving cell does not have any standard impacts.   The proposed small cell Pseudo-On scheme is a backward compatible scheme to Rel-11 UEs with additional signaling exchange between small cells.,
· X2 signaling to exchange of UL signal configuration, such as SRS, PRACH, and PUCCH.
· X2 signaling to exchange DL CSI process configuration, which is part of study in eCoMP. 
· X2 signaling to indicate the triggering dormant small cell pseudo-On state from the dormant cell to the serving cell, 

· X2 signaling to forward the scheduling decision and data from the serving cell to the dormant cell, which is also included in the eCoMP study item.

7. Conclusions

In this contribution, we analyze the complexity of small cell discovery/activation proposals and their associated transition times.  We propose uplink SRS-based blind handover and a small cell pseudo-ON scheme.  This scheme has the following benefits,

· Backward compatible to all UEs from Release 8 onwards.

· Minimizing the transition time of small cell ON/OFF to a few tens of milliseconds in the range of the delay of non-ideal backhaul.
· Minimizing the interference to the neighboring cells by not transmitting downlink signals until sufficiently strong uplink signals are detected.
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