Page 1



3GPP TSG-RAN WG1#73 meeting
R1-131979
Fukuoka, Japan, 20 - 24 May 2013
Agenda Item:


6.2.1.3
Souce:





Samsung
Title:
Evaluation results on small cell load shifting 
Document for:


Discussion and decision 
1 Introduction 
In RAN1#72bis, the following was concluded for the study on interference avoidance and coordination for the small cell enhancements study item.
Conclusions:

· Candidate techniques for further study are as follows, but not limited to

· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available
· Note that this work will continue under this SI, with the findings being taken into account in NCT WI later. 
· 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
· Continue study in RAN1#73; can be transferred into a new WI if one is approved at RAN#60.
· For each of the techniques, further study including 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, we discuss load balancing or load shifting. In particular, we consider load shifting between the macro frequency layer and the small cell frequency layer for non co-channel small cell deployment scenario based on RSRQ measured by the UE.
2 Load shifting between macro layer and small cell layer
2.1 Feasible time scale of load shifting by cell association
We consider load shifting by cell association between the macro frequency layer and the small cell frequency layer based on RSRP and RSRQ measured by the UE. Two major factors contribute to the feasible time scale, i.e. the measurement delay and the cell association procedure delay.
Assuming non-CA capable UE or non-dual connectivity capable UE, loading shifting based on inter-frequency measurement is an existing LTE mechanism that can be used to facilitate load shifting. For RRC_CONNECTED UEs, it is specified in TS 36.133 that the UE shall be capable of reporting RSRP and RSRQ measurements with measurement period of 480ms per frequency for 6 PRBs or 240ms per frequency for 50 PRBs. The same requirement is applicable for a UE requiring a measurement gap and for a UE not a requiring measurement gap. With DRX configured, the inter-frequency measurement period ranges from 480ms to 12.8s (actual measurement period depends on the DRX configuration).  The measurement period is further extended linearly with the configured number of frequencies to be measured. During the measurement period, the network or the UE has no measurement result as a basis for cell association. 
In addition, cell association procedure will also introduce delay. For example, handover can introduce delay ranging from 35ms to 145ms [1]. If the network relies on a single RSRP or RSRQ report by the UE to make a decision on the cell association of the UE, the overall delay can range from ~515 ms to 13s.
For CA-capable UE or dual-connectivity capable UE (e.g. via inter-eNB CA)
, the intra-frequency measurement requirement determines the UE’s RSRP and RSRQ reporting capability. According to TS 36.133, the UE shall be capable of reporting RSRP and RSRQ measurements with measurement period of 200ms without DRX. When DRX is configured, the measurement period can range from 200ms to 12.8s.

Cell association procedure for CA-capable UE or dual-connectivity capable UE generally incurs smaller delay compared to non-CA capable UE or non-dual connectivity capable UE since connection to the target layer for load shifting has already been established beforehand. However, for dual connectivity capable UE, there may be delay associated with the higher layer procedures e.g. due to data bearer handover. 
Latency caused by measurement and cell association procedure may have impact on how dynamic load shifting can occur from the macro layer to the small cell layer and vice versa.

Observation 1: The overall delay of load shifting by cell association based on RSRP and RSRQ measurement can range from ~515 ms to 13s, where the relatively large delay is dominated by longer measurement period for DRX configured UE. 
Proposal 1: The impact of measurement and procedure latency on load shifting efficiency needs to be further studied.
2.2 Preliminary evaluation results on load shifting by RSRQ for Scenario 2a
We provide some preliminary evaluation results to gain some insights on the impact of RSRQ measurement period on  load shifting operation. For our evaluation, we assume Scenario 2a with 1 cluster and 4 small cells per cluster. RSRQ measurement is based on the actual cell loading. Detailed simulation assumptions are provided in Table 1. Assumptions for parameters not mentioned in the table are the same as the agreed evaluation assumptions for Scenario 2a. 
Table 1: Simulation assumption

	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro sites
	7

	System bandwidth per carrier
	10 MHz

	Small cell Tx Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	4

	Traffic model
	FTP Model 3 with inter-arrival rate of 0.5s

Each file size is 0.5MBytes

	Number of UEs
	60 per macro area 

	UE speed
	3 km/h

	Layer association
	Maximum of macro layer RSRQ and small cell layer RSRQ without bias
Layer re-association is not allowed during transmission of a packet

	RSRQ measurement report
	Case 1: RSRQ is averaged over 10ms and reported every 10ms by all UEs

Case 2: RSRQ is averaged over 100ms and reported every 100ms by all UEs

 For both cases, every subframe is measured

	
	


We assume empty system load in the beginning of simulation. As a packet for a given UE arrives in the network, the UE is associated with macro layer or the small cell layer depending on which layer has the better RSRQ. The cell on each layer is chosen based on the pathloss (or RSRP). Perfect RSRQ measurement is assumed, i.e. RSRQ error is not modeled even if measured from only one subframe. Moreover, we assume that layer re-association is not permitted during transmission of a packet, but is permitted in between packet transmissions.

Two cases of RSRQ measurement periods are compared; in the first case, RSRQ is averaged over 10ms and reported every 10ms by all UEs; in the second case, RSRQ is averaged over 100ms and reported every 100ms by all UEs. The RSRQ report of the first case provides the network with a more recent or up-to-date ‘load’ situation compared to the RSRQ report of the second case. 
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Figure 1: Change in number of cells on macro layer and small cell layer activated over time
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Figure 2: Change in number of UEs on macro layer and small layer over time
As shown in Figure 1, as the load in the system increases, Case 1 activates the small cells more rapidly compared to Case 2 as the network reacts to load increase on macro layer. The faster load shifting response of Case 1 causes more UEs to be associated with the small cell layer rather than the macro layer, compared to that of Case 2, as depicted in Figure 2.
Interestingly, we observe that fast activation of small cells as the load in the system is increasing may not necessarily be desirable. Although small cells are beneficial to off-load traffic from highly loaded macro cells, we observe that premature activation of small cell especially as the load has just started to build up in the system can have negative impact on the overall system throughput due to inter-cell interference it generates for neighboring small cells. Our preliminary result shows that approximately 8% loss in average system throughput for Case 1 compared to Case 2.

Observation 2: Premature activation of small cells can have negative impact on the overall system throughput due to inter-cell interference generated for neighboring small cells.  
3 Conclusions
In this contribution, we discussed load shifting by cell association between the macro frequency layer and the small cell frequency layer for a non co-channel small cell deployment scenario based on RSRQ measurement. 

Our observations are as follows:
Observation 1: The overall delay of load shifting by cell association based on RSRP and RSRQ measurement can range from ~515 ms to 13s, where the relatively large delay is dominated by longer measurement period for DRX configured UE. 
Observation 2: Premature activation of small cells can have negative impact on the overall system throughput due to inter-cell interference generated for neighboring small cells.  

In addition the following is proposed:
Proposal 1: The impact of measurement and procedure latency on load shifting efficiency needs to be further studied.
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� An important consideration for inter-eNB CA is non-ideal backhaul connection between the eNBs. 
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