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1. Introduction
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In RANP#61 meeting, it was decided to further study Small cell enhancement in physical layer and focus on the topic on the small cell on/off and discovery enhancement [1]. 
· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 
· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.

This contribution will discuss the mechanism to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off. We first show our views to use downlink signal based approach for cell discovery/detection under small cell on/off. Next, we consider different mechanisms on how to configure the time to turn on the dormant small cells and corresponding to different mechanism, we discuss the possible alternatives on how to send the downlink signals to let UE timely access a just turned-on small cell.

2. Discussion
Until now, there is a lot of discussion on whether downlink signal based approach or uplink signal based approach should be used for cell discovery. 

· Uplink signal based approach
A UE could be configured to transmit a specific UL signal, e.g., PRACH, SRS and PUSCH data as well as DMRS. The dormant LPN can still detect the UL transmission of the UE and reporting details of the detected signalling back to the Macro eNB. With this information, the Macro eNB is able to identify the UE and to reactive the dormant eNB. However, the UL signal based measurement requires the information exchange between eNBs, which costs time and capacity over X2 interface. Also the UL signal only may not be accurate enough for a UE for cell synchronization.

· Downlink signal based approach
The downlink signals, e.g., the existing signals, such as PSS/SSS/CRS [2], CSI-RS [3] and PRS [4] can be used as the discovery signal. Until Rel. 11, the UE uses the downlink signal, e.g., PSS/SSS/CRS, for cell detection/synchronization as well as the RRM measurement. The best cell is selected based on the UE reported RRM measurement. Therefore, the downlink signals can be used for cell detection and synchronization. 

Therefore, we prefer to use downlink signal based approach for cell discovery/detection under small cell on/off. 

Proposal1:
· Downlink signal based approach should be used for cell discovery/detection under small cell on/off.


According to the above discussion, we see the importance of the downlink signal transmission for cell discovery/detection. However, it is necessary to firstly consider the mechanisms on how to configure the time to turn on the dormant small cells. The approach of downlink signal transmission for cell discovery/detection may be different for respective mechanism. .

Case 1: Asynchronous time for small cell on/off configuration
The starting time to turn on the small cell is asynchronous time configuration. As introduced in [6], a turned-off small cell may be turned on if a packet call arrives and needs to be transmitted. 
The conventional approach is that the dormancy cell does not send any downlink signals in the OFF period, which is illustrated in Fig. 1. Thereafter, the UE has no means to detect the cell before the cell is just turned on. To make the cell accessible to the UE, the network has to wait for the UE detect the cell, which costs time after the cell is turned on by using conventional cell detection. The transmission delay results in the degradation of the user throughput.
As indicated in [5], it would cost 0.5~1s/2~4s for cell detection and RRM measurement in the case of intra/inter-frequency case. According to the simulation results in [6], semi-static small cell on/off offers low or no gains in the presence of the transition time >100ms, even results in significant loss when the transition time is getting larger. Therefore, it is important to reduce the transmission time delay so that the UE can access a just turned-on small cell in a timely manner.
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Fig. 1 Conventional approach

Some enhancement has been considered to improve the cell detection performance by using existing signals [3][4]. In addition, the cell detection time needs to be reduced by using the enhanced procedure of RRM measurement/reporting. In Fig. 2, Alt1 to use enhanced cell detection may be considered to reduce the transmission time delay. However, the enhanced cell detection to efficiently reduce the delay may have large impact on specification. 
[image: ]
Fig. 2 Alt1

As illustrated in Fig. 3, Alt2 to send periodic discovery signals during OFF period is proposed in [2]. The LPNs send downlink signals for cell discovery during OFF period and the UE can discover the dormant cell and assist the cell before the cell is turned on so that the extra cell detection delay to access a just turned on cell is reduced. The downlink signals for cell discovery, i.e., discovery signal, can be formed from the existing signal, such as PSS/SSS/CRS, CSI-RS and PRS, and should be designed taking into account the trade-off between energy efficiency and offloading potential. The overhead of this downlink signals is dependent on its periodicity. A short duty cycle means larger overhead as well as higher interference. On the contrary, a long duty cycle may cause larger latency to discover dormant small cells. Without the knowledge of long duty cycle during the OFF period, the conventional UE behaviour of RRM measurement may input the zero samples of RSRP/RSRQ into the L1 filtering, which results in poor accuracy of RRM measurements. Thereafter, the new UE behaviour of RRM measurements based on the informed periodicity of discovery signals needs to be supported to input the correct samples of the signals with long duty cycle into the L1 filtering. 

[image: ]
Fig. 3 Alt2


In summary, the alternatives for Case 1 to let UE timely access a just turned-on LPN are:
Atl1: Not send downlink signal during OFF period with enhanced cell detection
Alt2: Send periodical discovery signal during the OFF period

Case 2: Synchronous time for small cell on/off configuration with or without predefined pattern

Case 2-1: Synchronous time without predefined small cell on/off pattern
Case 2-2: Synchronous time with predefined small cell on/off pattern 

Different from Case 1, the time for small cell on/off is decided semi-statically. It is only possible to turn on/off the small cell at the pre-defined time. In this case, Alt1 and Alt2 can also be used to reduce the transmission time delay. Besides, considering the pre-defined time, we propose to consider Alt3 to set a Discovery period to send downlink signals for cell discovery/detection before the pre-defined time for small cell on/off configuration. 
[image: ]
Fig. 4 Alt3

As shown in Fig. 4, the network configures a Discovery period before the pre-defined time t0 to decide whether to turn on/off the LPN. During the Discovery period, the LPN transmits the existing downlink signals with conventional periodicity. Similar to Alt2, the UE can detect the signals before the cell is turned on so that the extra cell detection delay to access a just turned on cell is reduced. In addition, the conventional UE behaviour of RRM measurement for L1 filtering can still be used. The length of Discovery period can be minimized to reduce the inter-cell interference. Instead of simply starting the ON period early, only the necessary signals are sent during the Discovery period for cell detection and RRM measurement.
For Case 2-1, the Discovery period is a tentative period for cell detection. By using the reported RRM measurement, network can decide whether to turn on/off the LPN. As illustrated in Fig. 4, the LPN is turned on after the Discovery period if there is(are) accessed UE(s). Otherwise, the LPN is turned off to save the power consumption and avoid redundant inter-cell interference.
For Case 2-2, the small cell on/off is periodically defined with pre-defined pattern [7], which can be regarded as a simplified Case2-1. 
According to the above discussion, Alt1-3 can also be considered for both Case 2-1 and Case 2-2. Their pros and cons are summarized in Table 1 for further discussion. 

In summary, the alternatives for Case 2 to let UE timely access a just turned-on LPN are:
Atl1: Not send downlink signal during OFF period with enhanced cell detection
Alt2: Send periodical discovery signal during the OFF period
Alt3: Set a Discovery period to send discovery signals before the pre-defined starting time

Table 1 Pros and Cons of Alt1~Alt3
	
	Pros
	Cons

	Alt1: Not send downlink signal during OFF period with enhanced cell detection
	Reduce cell detection delay;
No signal transmission during the OFF period; 
Configure small cell on/off with flexible timing
	May have large impact on spec;
Require new UE behaviour of RRM measurement

	Alt2: Send periodical discovery signal during the OFF period
	Reduce cell detection delay;
Configure small cell on/off with flexible timing
	Increase inter-cell interference in OFF period for downlink signal with shorter duty cycle; 
Cost large detection latency for downlink signal with longer duty cycle;
Require new UE behaviour of RRM measurement

	Alt3 Set a Discovery period to send discovery signals before the pre-defined starting time
	Reduce cell detection delay;
No signal transmission during the OFF period;
Conventional UE behaviour of RRM measurement is enough.
	Transmit downlink signals during Discovery period results in inter-cell interference;
Configure small cell on/off semi-statically



Proposal2:
· We propose to consider the mechanism cases on how to configure the time to turn on the dormant small cells and provide possible alternatives on how to send the downlink signals for cell discovery/detection under small cell on/off for each case.
· Case 1: Asynchronous time for small cell on/off configuration
· Atl1: Not send downlink signal during OFF period with enhanced cell detection
· Alt2: Send periodical discovery signal during the OFF period
· Case 2: Synchronous time for small cell on/off configuration with or without predefined pattern
· Atl1: Not send downlink signal during OFF period with enhanced cell detection
· Alt2: Send periodical discovery signal during the OFF period
· Alt3: Set a Discovery period to send discovery signals before the pre-defined starting time

3. Conclusion
In this contribution, we have discussed mechanism to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off. We have the following proposals:
Proposal1:
· Downlink signal based approach should be used for cell discovery/detection under small cell on/off
Proposal2:
· We propose to consider the mechanism cases on how to configure the time to turn on the dormant small cells and provide possible alternatives on how to send the downlink signals for cell discovery/detection under small cell on/off for each case.
· Case 1: Asynchronous time for small cell on/off configuration
· Atl1: Not send downlink signal during OFF period with enhanced cell detection
· Alt2: Send periodical discovery signal during the OFF period
· Case 2: Synchronous time for small cell on/off configuration with or without pre-defined pattern
· Atl1: Not send downlink signal during OFF period with enhanced cell detection
· Alt2: Send periodical discovery signal during the OFF period
· Alt3: Set a Discovery period to send discovery signals before the pre-defined starting time
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