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1. Introduction

Small cell on/off is effective in high deployment density of small cells to mitigate the interference from CRS and common control channels, further enhance small cell layer capacity and reduce the network energy consumption.  

In 3GPP RAN1#75, the following conclusions were achieved:
· Dormant mode based on the current RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off.
· Reduced transition time of small cell on/off increase the performance

· RAN1 finds the beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme.

· The gain increases with decreasing transition time.

· The small cell on/off with reduced transition time can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures.
· New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions.
· To support an enhanced transition time reduction, discovery procedure/signal(s) is needed:
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL.
· Note that QCL is not always necessary or possible depending on the procedure

· Note that all QCL features might not needed

· Need of RLM is FFS

· This may include support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

In this contribution, we further evaluate the performance for small cell ON/OFF operation with small cell discovery based on legacy mechanism and new mechanism with discovery reference signal (DRS) in SCE scenario 2a, considering MBSFN subframe configuration in legacy mechanism and CRS interference cancelation (IC) plus RE muting for DRS in new mechanism with DRS.
2. Time scales for small cell on/off transition
The small on/off operation that can be supported by legacy procedures including RAN3 dormant mode for energy saving based on the metric of traffic load, which takes hundreds of milliseconds to a few seconds for the transition from “off” to “on” or from “on” to “off”.
Time scales based on legacy procedures for small cell on/off transition are summarized in [1]. The magnitude of feasible time scales using legacy procedures for small cell on/off mainly depends on UE capability (single or dual RF), UE status (idle or connected), the frequency deployment of small cells (co-channel or non-co-channel with macro cells) and the procedure to support on/off operation (handover or carrier aggregation activation/deactivation). The actual transition time may require hundreds of milliseconds to seconds which consists of the time for cell detection/synchronization (e.g., PSS/SSS, CRS), intra-frequency or inter-frequency RRM measurements and higher-layer procedure (e.g. RACH procedure) and so on. Among them, RRM measurement is the most important factor for the transition time reduction. 
Based on the performance evaluation results reported in TR 36.872 [2], RAN1 has confirmed that it beneficial to reduce the small cell on/off transition time. The shorter small cell on/off transition time brings higher user throughput gain but it also introduces more specification impacts. To reduce the transition time, there are two main directions for enhancements to support small cell on/off operation:
· Enhancement on mechanisms supporting UE’s cell detection and RRM measurement to reduce the required time
· Enhancements on procedures to reduce the time small cell eNB has to be in on state without any data transmission for reduced interference due to CRS transmission
In our component contribution [4], issues in existing mechanisms are discussed and methods supporting small cell fast on/off operation are proposed to reduce the transition time around 10ms.
Observation #1: Enhancements on both cell discovery/measurements and procedures supporting small cell on/off operation have impacts on performance gain and they should be considered jointly in the performance evaluation for small cell on/off operation.
3. DRS-based enhancement for small cell on/off
For enhancements supporting small cell fast on/off operation, the key point to reduce the transition time is to enable the cell discovery/measurement by an UE within a short time period for small cells. With the enhancement, the transition time can be largely reduced from seconds or hundreds of milliseconds to tens of milliseconds.  Therefore, DRS for small cell discovery and measurement is the first step and essential enhancement to enable small cell fast on/off operation.
The basic concept of DRS is illustrated in Figure 1, and DRS are transmitted with long periodicity (e.g., every 100ms). In the last meeting, we proposed a new discovery and RRM measurement scheme based on small modification of existing scheme and evaluated the performance via the link level simulation [3]. During the off state, RE muting technique is applied to reduce the interference due to data for the enhancements on cell detection and RRM measurement performance. A set of subframes within which RE muting is applied is configured through the signaling from the serving eNB or based on a predefined rule. The additional overhead and the performance impact on legacy UEs due to RE muting for DRS transmission can be minimized by its long transmission periodicity. 
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Figure 1: Illustration of DRS transmission
To enable the measurements of RSRP and RSRQ within the same subframe RE muting can be applied in part of OFDM symbols where there is DRS transmission within a subframe. Though RE muting can reduce inter-cell interference on DRS due to data transmission from other cells, the reduction of inter-cell interference on DRS due to CRS transmission from other small cells requires CRS interference cancellation technique. Though RSRP/RSRQ measurement accuracy can be improved by well-controlled interference environment for DRS, long transmission periodicity reduces the number of samples for average within an average window and thus it may introduce a bias value between RSRP/RSRQ measurement results by DRS and true average RSRP/RSRQ when the channel varies fast, as illustrated in Figure 2. Since small cells usually serve low-mobility UEs, this effect can be minimized and it is jointly considered with other effects, e.g. imperfect cell detection rate and RSRP measurement error, of the proposed DRS design for the performance evaluation of small cell on/off operation in our simulations.
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Figure 2: Comparison of CRS-based and DRS-based RSRP/RSRQ measurements
Observation #2: DRS-based cell detection and RSRP/RSRQ measurement results may be different from true average received signal power from small cells due to sparse samples over time when the channel varies fast.
Observation #3: The effect of sparse samples over time, imperfect cell detection rate and RSRP/RSRQ measurement error should be jointly considered to show the performance impact of DRS design on small cell on/off operation.
4. Simulation results and discussion
To further investigate DRS-based small cell on/off operation, we evaluate the system performance for the following cases in terms of detectable small cells number, user association ratio to the 1st, 2nd, 3rd, 4th strongest small cells, and user packet throughput (UPT) for macrocell/small cell layer and resource utilization (RU).
· Alt #1: Always-on
· The delay for a new arrived UE (as in FTP 1) can use an already on small cell, [10ms]
· PSS/SSS/CRS are always active
· Alt #2: New DRS-based small cell on/off scheme
· New mechanism with assumed off-to-on and on-to-off transition time, [10ms, 10ms]
· CRS is not transmitted both in off-to-on and on-to-off processes
· Assumed 10dB RSRP gap on small cell layer

· Proposed DRS design (CRS + CRS-IC + RE muting every 100ms)
· Note: For both Alt #1 and Alt #2, the following aspects are considered:
· CRS-IC modeling for the two strongest cells
· Imperfect cell detection rate of small cells
· RSRP measurement error modeling

· 6 MBSFN subframe configuration
In the simulation, layer association between macrocell and small cell layers is based on relative RSRQ comparison and the cell association within the macrocell layer is based on relative RSRP comparison. For small cell layer, cell association is based on relative RSRP comparison in Alt#1 while 10dB handover margin for load balancing among small cells is assumed in Alt#2. UEs are randomly associated to one of detectable small cells within the handover margin Alt#2. The period of DRS transmission is assumed to be 100ms. RSRP measurement error and cell detection rate is modeled to reflect the difference between legacy and new DRS-based on/off scheme according to the link level simulation results, which is based on performance curves of MSE versus SINR for UMi LoS and UMi NLoS fast fading channel with mobility 3km/h. 6 MBSFN subframes and CRS-IC (incl. CRS-to-data and CRS-to-CRS collision cases, ref. to [5]) are also considered to reduce CRS interference in Alt#1 and Alt#2, respectively. The detailed simulation assumptions are listed in the Appendix. 
Figure 3 shows the performance gain of DRS-based small cell on/off scheme in SCE scenario 2a in terms of average and cell-edge user packet throughput (UPT) for macrocell/small cell layer compared with legacy scheme. Where, the legacy scheme means the small cell always on and 0dB RSRP measurement gap. According to the simulation results, DRS-based small on/off provides significant gains under low and medium traffic load level (e.g., λ=6, 10, 15). There are several reasons as follows. One of the reasons is that small cells can switch quickly between on and off state according to the DRS-based measurement report, which will reduce cell detection and measurement time to achieve the desirable time scale when the traffic load is low, which is the most important reason. The second is that the reduced interference from CRS to data and data to CRS with RE muting. The third one is that a certain RSRP measurement gap for cell association can bring the benefits of load balancing on the small cell layer. In addition, it’s also beneficial to UE power consumption.
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Figure 3: Gains of DRS-based small cell on/off, average and 5% UPT 
Observation #4: With DRS-based cell detection/measurements and procedure enhancements, the transition time of small cell on/off operation can be largely reduced and thus user packet throughput improves significantly for low to medium traffic load.
Based on the above observations, the following proposals are obtained:
Proposal: To facilitate efficient small cell on/off operation, DRS-based cell detection/measurement and procedure enhancement are both necessary.
5. Conclusion
In this paper, we evaluate the performance of DRS-based small cell on/off operation with the assumption of procedure enhancement for transition time 10ms in SCE scenario 2a.  According to the simulation results, we have following observations and proposals:
Observation #1: Enhancements on both cell discovery/measurements and procedures supporting small cell on/off operation have impacts on performance gain and they should be considered jointly in the performance evaluation for small cell on/off operation.
Observation #2: DRS-based cell detection and RSRP/RSRQ measurement results may be different from true average received signal power from small cells due to sparse samples over time when the channel varies fast.
Observation #3: The effect of sparse samples over time, imperfect cell detection rate and RSRP/RSRQ measurement error should be jointly considered to show the performance impact of DRS design on small cell on/off operation.
Observation #4: With DRS-based cell detection/measurements and procedure enhancements, the transition time of small cell on/off operation can be largely reduced and thus user packet throughput improves significantly for low to medium traffic load.

Proposal: To facilitate efficient small cell on/off operation, DRS-based cell detection/measurement and procedure enhancement are both beneficial and necessary.
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Appendix:
Table 1: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a, 7 macro sites

	System bandwidth per carrier
	Macro: 10MHz; Small cell: 10MHz

	Carrier frequency
	Macro: 2.0GHz; Small cell: 3.5GHz;  both 1 carrier

	Total BS TX Power
	Macro: 46dBm; Small cell: 30dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model with 3D distance as baseline

	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. 20% UEs are outdoor and 80% UEs are indoor.

	Cell selection criteria
	RSRQ based with realistic cell load

	Small cell on/off criteria
	On/off based on packet call arrival/completion

	CRS-IC
	CRS-IC is included as in [5]

	RSRP measurement error
	RSRP measurement error is modeled on small cell layer

	DRS transmission
	100ms transmission period, 100ms RSRP averaging window

	MBSFN subframe configuration
	6 MBSFN subframes

	Small cell on/off enable
	on/off is applied with 10ms for both off-to-on and on-to-off transmition

	Traffic model
	FTP Model 1 as in TR 36.814 with packet arrival rate = 6, 10, 15, 20

	Scheduling
	Proportional Fair

	UE receiver
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, cross-polarized

	MIMO scheme
	Single point transmission with SU-MIMO, up to rank2


