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Discussion and decision 
1 Introduction 
In RAN1#73, the following was concluded on load balancing/shifting (including cell association) for the small cell enhancements study item.
R1-132773
WF on small cell ICIC (load balancing, enhanced ICIC)
LG Electronics, Hitachi, NTT DOCOMO, Panasonic 
· Next steps for RAN1#74:

· Evaluate low, medium and high load levels: 20, 40, 60% respectively average resource utilisation across all cells in the most loaded layer in the reference scheme
· Further evaluations may be performed to raise the resource utilisation to these levels after load-balancing 
· Further study on load balancing techniques between small cells 
· Focus on identifying any aspects that have standards impact

· Identify the measurements on which any proposed load balancing technique is based 
In [4], we proposed that the impact of measurement period and cell association/selection delay should be studied further.

In this contribution, we provide further evaluation results on RSRQ based load balancing or load shifting, taking into account required measurement period defined in RAN4 as well as cell association/selection delay. 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 Measurement period and time scale of load shifting
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 performance of load shifting, i.e. the measurement delay and the cell association procedure delay. Detailed discussion was carried out on RAN1 email reflector [2] on the time scales for measurement and cell association delay for evaluations of small cell ON/OFF, but no conclusion was reached. Nevertheless, the values discussed can also serve as a good reference for loading shifting study. In the Appendix of this contribution, a table detailing the delays of different procedures based on the RAN1 email discussion is proposed. 
For load shifting study, we assume FTP model 1 and it is assumed that the small cell has been detected and measured by the UE before its packet arrives; therefore measurement delay is not included as part of the cell association/selection delay. However, the length of the measurement period is still expected to impact the performance of load shifting. 
Different measurement periods have been defined in RAN4 specification for intra-frequency and inter-frequency measurement out of consideration of RSRP/RSRQ measurement accuracy. For instance, a longer measurement period is needed in the case of inter-frequency measurement to allow the UE with measurement gap to obtain sufficient number of samples to meet the RSRP/RSRQ measurement accuracy requirement. In this contribution, we look at a different aspect of the impact of measurement period on load shifting performance, namely the effectiveness of different measurement periods in capturing the load situation of a frequency layer in a dynamic traffic environment and its impact on the resulting cell association decision.
In order to investigate the impact of RSRQ measurement period, we define the cases in Table 1 assuming ideal (zero) cell association/selection delay.

Table 1: Reference cases for 10ms, 200ms and 480ms RSRQ measurement period
	Case
	RSRQ Measurement period
	Cell association/selection delay
	Comment

	1
	10ms
	0ms
	Reference case for short RSRQ measurement period

	2
	200ms
	0ms
	Reference case for medium RSRQ measurement period

	3
	480ms
	0ms
	Reference case for long RSRQ measurement period


The evaluation results for the above cases can be found in Section 3.1.
On the cell association/selection delay, three important cell association/selection delays are identified for evaluation as follows. 

T1: Time for non-CA/non-dual-connected UE to be handed over to a small cell
C4+D+E+E1=5+15+20.5+8 = 48.5ms (intra-eNodeB)

C4+D+E+E1=50+15+20.5+8 = 93.5ms (inter-eNodeB)
T2: Time for CA/dual-connected UE to be use a small cell assuming the small cell has not been configured as an SCell beforehand
C4+D+I+K= 5+15+17.5+13 ms = 50.5 ms (intra-eNodeB).
C4+D+I+K = 50+15+17.5+13 ms = 95.5 ms (inter-eNodeB).

T3: Time for CA UE to be use a small cell assuming the small cell has been configured as an SCell beforehand
K = 13 ms (ideal backhaul)
The combinations of measurement period and cell association/selection delay of interest in our evaluation and what scenario they represent are listed in Table 2. The evaluation results of these cases can be found in Section 3.2.
Table 2: Measurement period and cell association/selection delay for different combination of UE types and deployment scenarios
	Case
	RSRQ Measurement period
	Cell association/selection delay
	Comment

	4
	200ms
	~10ms
	CA capable UE + T3

	5
	200ms
	~50ms
	CA/dual connected capable UE + T1/2 for intra-eNodeB deployment

	6
	200ms
	~100ms
	CA/dual capable UE + T1/2 for inter-eNodeB deployment

	7
	480ms
	~50ms
	Non CA/dual connected capable UE + T1/2 for intra-eNodeB deployment 

	8
	480ms
	~100ms
	Non CA/dual connected capable UE + T1/2 for inter-eNodeB deployment


3 Evaluation results
In this section, we provide some 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. Detailed simulation assumptions are provided in Table 3. Assumptions for parameters not mentioned in the table are the same as the agreed evaluation assumptions for Scenario 2a. 
We assume FTP model 1. As a packet of a UE arrives in the system at time t, we assume that for cell association/selection purpose, RSRQ measurement result averaged from time t-∆ to time t is available, where ∆ is the RSRQ measurement period. After the cell association/selection is performed, an additional cell association/selection delay is introduced, during which the packet of the UE is not allowed to be scheduled and no cell association/reselection can be made. In addition, the cell association/selection delay is counted as part of the serving time for the UE.
Table 3: Simulation assumptions
	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 1 with inter-arrival rate that results in roughly 50% RU for all cells
Each file size is 0.5Mbytes

	CRS interference
	Modelled with zero MBSFN subframes

	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

	Measurement
	RSRQ averaged over 10ms, 200ms, or 480ms. 

Ideal RSRP and RSSI measurement per subframe 

	Load shifting
	Based on RSRQ with zero bias
L3 filtering is not applied.

	
	


3.1 Impact of RSRQ measurement period 

As mentioned in Section 2, we do not consider the impact of RSRQ measurement accuracy wrt the measurement period. Instead, we focus on the effectiveness of different measurement periods in reflecting the load situation of a frequency layer in a dynamic small cells environment. When RSRQ is averaged over a long period of time, the load change in a very short time scale does not influence significantly the long term averaged RSRQ. In essence, RSRQ measurement period can affect the rate of adaptation to the load change between frequency layers. This effect is depicted in Table 4, where the percentage change in macro layer-to-small cell layer switch and vice versa, as well as the  total % change in layer switch are presented for Case 1 (10ms measurement period) and Case 3 (480 measurement period) with respect to Case 2 (200ms measurement period). We consider a layer switch to have occurred if the resulting cell association decision based on RSRQ is different than that based on RSRP only. It is observed that 10ms measurement period results in +2.68%, +3.73% and +2.84% increase in the % change in macro layer-to-small cell layer switch, small cell layer-to-macro layer switch and the overall layer switch, respectively. On the other hand, 480ms measurement period reduces the % change in layer switch, namely -3.18%, -1.22% and -2.88% increase in the % change in macro layer-to-small cell layer switch, small cell layer-to-macro layer switch and the overall layer switch, respectively. Interestingly, despite the different rate of load shifting, the resource utilizations of macro cells and small cells are almost the same for all three cases as shown in Table 5.

Although we have not considered the aspect of physical measurement accuracy wrt to measurement period, there is clearly a tradeoff between measurement accuracy and the rate of load shifitng with different measurement period. Further study is needed to understand this tradeoff.
Table 4:% change in layer switch for Case 1 and Case 3 wrt Case 2
	Case
	RSRQ Measurement period
	Cell association/selection delay
	% change in macro layer-to-small cell layer switch wrt Case 7
	% change in small cell layer-to-macro layer switch wrt Case 7
	% change in layer switch wrt Case 7

	1
	10ms
	0ms
	+2.68%
	+3.73%
	+2.84%

	3
	480ms
	0ms
	-3.18%
	-1.22%
	-2.88%


Table 5: Resource utilizations of macro cells and small cells for different RSRQ measurement periods
	Case
	RSRQ Measurement period
	Cell association/selection delay
	RU

(all cells)
	RU

(macro cells)
	RU

(small cells)

	1
	10ms
	0ms
	0.51
	0.44
	0.53

	2
	200ms
	0ms
	0.51
	0.44
	0.52

	3
	480ms
	0ms
	0.51
	0.42
	0.53


We investigate the impact of RSRQ measurement period on the user throughput comparing 10ms, 200ms and 480ms measurement periods. 200ms measurement period is used as the baseline for performance comparison. From Figure 1(a), it is observed that 10ms RSRQ measurement period improves the 50th percentile user throughput performance by 13.79%, 3.49% and 6.84% for 50th , 5th  and 95th percentile user throughput, respectively. This shows that the increased rate of load shifting has resulted in better cell association/selection decision. 
From Figure 1(b), it is also observed from that there is no significant difference in the overall average user throughput for 480ms wrt 200ms. But there is some gain for the macro cell edge user throughput and the small cell 50th and 95th percentile user throughputs. This may be caused by longer measurement period resulting in slightly more macro UEs than small cell UEs as shown in Table 6.
[image: image1.png]25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

-5.00%

-10.00%

AllUEs

Macro UEs

W 50% User Tput
m 5% User Tput
W 95% User Tput






[image: image2.png]20.00%

15.00%

10.00%

5.00%

0.00%

-5.00%

-10.00%

W 50% User Tput

m 5% User Tput
W 95% User Tput

cro UEs





(a) 10ms RSRQ measurement period wrt 200ms



(b) 480ms RSRQ measurement period wrt 200ms

Figure 1: Performance of 10ms RSRQ measurement period and 480ms RSRQ measurement period with respect to 200ms period with no cell association/selection delay
Table 6: % of Macro UEs and % of small UEs for Case 1, 2 and 3
	Case
	RSRQ Measurement period
	Cell association/selection delay
	% Macro UEs
	% Small cell UEs

	1
	10ms
	0ms
	43%
	57%

	2
	200ms
	0ms
	44%
	56%

	3
	480ms
	0ms
	46%
	54%


When taking into account the cell association/selection delay, the trend observed for 0ms delay remains the same as shown in Figure 2 except for the cell edge user throughput. From Figure 2(a), it is observed that 10ms RSRQ measurement period improves the average user throughput performance by 21.18%, and 13.31% for 50th and 95th  percentile user throughput, respectively. Similarly, From Figure 2(b), it is also observed from that there is not an appreciative difference in the average user throughput for all UEs for 480ms measurement period wrt 200ms measurement period. But there is some gain for the small cell 50th percentile and 95th percentile user throughputs.
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(a) 10ms RSRQ measurement period wrt 200ms



(b) 480ms RSRQ measurement period wrt 200ms

Figure 2: Performance of 10ms RSRQ measurement period and 480ms RSRQ measurement period with respect to 200ms period with 100ms cell association/selection delay
Based on the discussion on this section, we have the following observation:
Observation 1: A shorter measurement period may enable faster adaptation rate to the load change between frequency layers, which can results in performance gain.Tradeoff between measurement accuracy and the rate of load shifitng with different measurement period can be further studied.
3.2 Impact of cell association/selection delay 
In this section, we investigate the impact of cell association/selection delay on the 50th percentile, 5th percentile and 95th percentile user throughput. Case 3 (200ms measurement period with 100ms cell association/selection delay) and Case 5 (480ms measurement period with 100ms cell association/selection delay) in Table 2 are considered as the baselines for comparison with a reference scheme, for CA/dual connected and non-CA/dual connected UE, respectively.
From Figure 3(a) and Figure 3(b), we observe a 7.17% and 6.25% gain in average user throughput for 10ms delay and 50ms delay, respectively. Interestingly, most of the gain can be achieved with 50ms delay. The gain is higher for the 50th percentile small cell user throughput and the 95th percentile small cell user throughput. In particular, there is a 20.31% gain for the 50th percentile small cell user throughput and 13.88% gain for the 95th percentile small cell user throughput for 10ms delay; whereas there is a 16.47% gain for the 50th percentile small cell user throughput and 36.08% gain for the 95th percentile small cell user throughput for 50ms delay). The gain is attributed to the delay reduction in packet transmission.
In the case of 480ms measurement period, it is observed that the gain of shorter cell association/selection delay is smaller. For example, from Figure 4 there is 3.30% gain in 50th percentile user throughput for 50ms delay. Similar to the case for 200ms measurement period, the gain in 50th percentile user throughput is higher for small cell UEs (5.94% gain for the 50th percentile small cell user throughput and 7.40% gain for the 95th percentile small cell user throughput for 50ms delay).
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(a) Case 4 (10ms delay)













(b) Case 5 (50ms delay) 
Figure 3: Performance of 10ms and 50ms cell association/selection delay with respect to 100ms delay for 200ms RSRQ measurement period

[image: image7]
Figure 4: Performance of 50ms cell association/selection delay with respect to 100ms delay for 480ms RSRQ measurement period
Observation 2: Lower cell association/selection delay improves load shifting performance with respect to the baseline of 100ms delay. At about 50% RU, most of the gain in delay reduction can be achieved with 50ms delay.
4 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. System level evaluation results are provided to investigate the impact of RSRQ measurement period and cell association/selection delay.
Based on our results, our observations are as follows:
Observation 1: A shorter measurement period may enable faster adaptation rate to the load change between frequency layers, which can results in performance gain.Tradeoff between measurement accuracy and the rate of load shifitng with different measurement period can be further studied.
Observation 2: Lower cell association/selection delay improves load shifting performance with respect to the baseline of 100ms delay. At about 50% RU, most of the gain in delay reduction can be achieved with 50ms delay.
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6 Appendix
	
	Item
	Value

	A
	Time to detect new cell by UE intra freq measurement
Note: Tbasic_identify_E-UTRA_FDD, intra is 800 ms (TS36.133 section 8.1.2.2.1)


	[400-800]ms

	B
	Time to detect new cell by UE inter freq measurement (TS36.133 section 8.1.2.3.1)


	[1920-3840]ms

	C
	Time to measure RSRP/RSRQ and reporting with measurement gap without DRX without L3 filtering. (TS36.133 section 8.1.2.3.1.1.1.3) 1 inter-frequency measurement is assumed. Then.
TMeasurement_Period_Inter_FDD = 480ms.
	480ms

	C2
	Time to measure intra freq
	200ms

	C3
	Time to send measurement report.  

1ms transmission time and assuming 0.1 HARQ operating point: 1 (time for first transmission) + 0.1*8 (HARQ delay) + 1 (time for second transmission)  ~ 2ms
	2ms

	C4
	Handover preparation (decision) time of 50ms
	50ms (inter-eNB)

5ms (intra-eNB)

	D
	RRC DL command procedure delay of LTE handover 

RRC connection re-configuration (intra-LTE mobility) (TS36.331 section 11.2)
	15ms

	E
	Handover interruption time (TS36.133 section 5.1.2.1.2)
	20.5ms

	E1
	Delay from preamble detection to the first transmission of DL data (Table 16.5-1 of 36.912).
	8ms

	F
	IDLE to CONNECTED transition

(TS36.912 B.1.1.1-1)
	80ms

	G
	CONNECTED, UL initiated, unsynchronized(RACH based initialization) 
(TS36.912 B1.2.1.2)
	14.5ms

	H
	CONNECTED, UL initiated, synchronized(PUCCH based initialization) 
(TS36.912 B1.2.1.1)
	11.5ms

	I
	CONNECTED, DL initiated, unsynchronized(PDCCH triggered and RACH based) (TS36.912 B1.2.1.4)
	17.5ms

	J
	CONNECTED, DL initiated, synchronized(PDCCH based initialization) 
(TS36.912 B1.2.1.3)
	0ms

	K
	SCell activation delay
	13ms
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