3GPP TSG RAN WG1 Meeting #72                                               R1-130406
St Julian’s, Malta, January 28 – February 1, 2013
Source:
NTT DOCOMO

Title:
Mobility Enhancement in Small Cell Cluster
Agenda Item:
7.3.5.3
Document for:  
Discussion

1. Introduction
TR 36.932 (Scenarios and Requirements for Small Cell Enhancement) states [1]:

· Mobility enhancements for higher speeds (e.g. 50-80 km/h) in small cell enhancements, e.g. for offload from vehicular UEs in outdoor small cells, can be studied in succeeding study items.
This document discusses and proposes potential solutions to support higher UE speeds in R12 Small Cell Enhancement (SCE). 
2. Background

2.1.
Rationale of for the Need to Support High UE Speeds
R12 Small cells should be deployed not only in indoor scenarios but also in outdoor scenarios so that the market is sufficiently large from a commercial service/ deployment point of view. For example, if R12 Small cells are deployed only in home indoor scenarios, it would be less attractive because there is no differentiation from the existing WiFi service. 

From an outdoor deployment of point of view, higher UE speeds, e.g., 50 – 80 km/h, should be supported so that vehicular UEs can be handled in R12 Small Cells for offload purposes. We note that there would be few usage cases around 30 km/h in reality, i.e., it is too fast for pedestrian users and too slow for vehicular users. The range of “50 – 80 km/h” is a good target for handling high UE speeds in realistic outdoor deployments. 

Observation 1: Higher UE speeds (50 – 80 km/h) should be supported in R12 Small Cell Enhancement. 

2.2. 
Problem Statement
Figure 1 illustrates mobility among Macro cells (Figure 1(a)) and mobility among super-dense Small cells (Figure 1(b)). If conventional HO is applied to super-dense Small cells deployments, HO failures would frequently occur due to HO delay, especially in high UE speed cases. We note that the HO delay would depend on parameters such as the Time-to-trigger (TTT), A3 offset (Hysteresis), L3 filtering coefficient and so on, and that the parameters should be used to minimize the ping-pong problem. If the parameters are removed, the HO delay would be reduced, but significant ping-pong problem would arise. 
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Figure 1: (a) Mobility among Macro cells, (b) Mobility among super dense Small cells
An increase of the number of HOs among super-dense small cells would dramatically increase the signaling load towards core network (CN) compared to that in the conventional Macro cell deployments. In addition, the ping-pong problem should be carefully taken into account in this issue, because it would easily increase the number of HOs further. It would be desirable to address this issue in low as well as high UE speed cases. 
Observation 2: R12 SCE should address the following problems:

· Problem 1: As the UE speed increases, the number of HO failures increases due to HO delay.
· Problem 2: As the number of HOs increases, the control signaling load towards CN also increases. 

· Both the number of cells and ping-pong effects should be considered.

3. Mobility Performance for Conventional RRC-Layer HOs
This section presents mobility performance evaluation for conventional RRC-layer HOs in the super-dense Small cell deployments illustrated in Figure 1 (b). Basic radio configurations for the mobility simulation are basically aligned with those indicated in Table 5.2.3.1 in TR 36.839 [2]. Macro base stations were simulated uniformly in a 19-Macro cell area (wrap around) with the inter-site distance of 500 m, and small cells were assigned with a different carrier from that for the Macro cell as illustrated in Figure 2. The number of Small cells per Macro sector is four. It is noted that there is no interference between Macro cell and Small cell because a frequency-separated scenario is assumed. 

Three sets of mobility parameters (including TTT, A3 offset (Hysteresis), and RSRP L3 filter coefficient) were evaluated as show in Table 1. Set A corresponds to a typical parameter set in conventional Macro cell network so that the HO delay can be sufficiently minimized to avoid HO failure and the number of ping-pongs can be suppressed. Sets B and C correspond to more aggressive parameter sets to reduce further the HO delay although it may increase the number of ping-pongs.   

The other parameters are summarized in Annex A. 

Table 1 Mobility Parameter Sets
	Profile
	Set A
	Set B
	Set C

	Time-to-trigger [msec]
	160
	0
	0

	A3 offset (Hysteresis) [dB]
	3
	0
	0

	RSRP L3 filter coefficient
	4
	4
	0



[image: image2]
Figure 2: Basic Radio Configurations 
Figures 3 (a), (b), and (c) present cumulative density function (CDF) data of the wideband SINR just before HO for 3 km/h, 30 km/h, and 60 km/h, respectively. It is assumed that the threshold for HO failure (radio link failure) is -10 dB, i.e., HO failure occurs when the wideband SINR just before HO is lower than -10 dB. Figure 4 summarizes the probability of HO failure and the HO rate (the number of HOs per second). The findings are summarized below.
· The typical parameter set in macro cell network (Set A) causes frequent HO failure. 
· A more aggressive parameter set (Set B or C) would suppress the HO failure rate, but cause a severe ping-pong problem. 

We conclude that conventional RRC-layer HOs cannot handle high UE speeds in super-dense small cell deployments. 

Observation 3: Conventional RRC-layer HOs cannot handle high UE speeds in super-dense small cell deployments.
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Figure 3 Wideband SINR just before HO for (a) 3 km/h, (b) 30 km/h and (c) 60 km/h
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Figure 4 HO failure and HO rate
4. L1/L2 Mobility with Multi-point Association
4.1.
Proposed Solution (L1/L2 Mobility with Multi-point Association)
As described in the previous section, the conventional RRC-layer HOs cannot handle high UE speeds in super-dense small cell deployments. Even in low UE speed cases, the increase of the number in HOs would increase the control signaling load towards the CN. This clearly indicates that new mobility solutions should be introduced in R12 SCE. One possible solution is to conduct mobility among small cells in a lower layer (L1/L2), without defining the “cell” coverage boundaries as in the case of conventional HO (See Figure 5). This is called “L1/L2 mobility with Multi-point association” hereinafter. In this scheme, higher-layer control signaling towards the CN can be avoided and lower-layer mobility can be ignored by higher-layer nodes. As a result, the ping-pong problem would no longer be an issue, and HO hysteresis such as the A3 offset or TTT is simply removed. 
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Figure 5 L1/ L2 mobility with Multi-point Association
The baseline concept of “L1/L2 mobility with multi-point association” would be almost the same as the “Shared cell ID concept (R11 CoMP Scenario 4 [3]” where the NW (eNB) and UE can switch transmission points without higher layer (RRC layer) procedures. Thus, we propose that the shared cell ID concept should be the starting point for studying the L1/L2 mobility with multi-point association in R12 SCE. However, we feel that mobility aspects were not sufficiently discussed in R11 CoMP scenario 4 studies. Therefore, we propose that the following points be discussed for mobility enhancement in R12 SCE:
· (1) Identify future mobility scenarios and possible NW configurations in super-dense small cell deployments (in RAN1/ RAN2)
· Both frequency separated scenarios and co-channel deployments (CoMP Scenario 4) should be taken into account

· (2) Specify required mobility procedures (in RAN1/ RAN2)

· (3) Specify required signals/ channels for measurements (in RAN1)
· (4) Specify required RRM requirements and test cases (in RAN4) 

Proposal 1: Mobility among small cells should be conducted in a lower layer (L1/L2), instead of the RRC layer. 
· The baseline concept of R11 CoMP Scenario 4 should be the starting point. 

Proposal 2: The following points should be discussed for mobility enhancement in R12 SCE:

· (1) Identify future mobility scenarios and possible NW configurations in super-dense small cell deployments (in RAN1/ RAN2)

· (2) Specify required mobility procedures (in RAN1/ RAN2) 
· (3) Specify required signals/ channels for measurements (in RAN1)

· (4) Specify required RRM requirements and test cases (in RAN4) 
4.2.
Deployment Scenarios
Figure 6 illustrates super-dense small cell deployments in R12 SCE. L1/L2 mobility with Multi-point association should be conducted inside the small cell clusters. More detailed discussions about the deployment scenario are described in our companion document [4].
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Figure 6 Deployment Scenario for Frequency Separated Small Cells
4.3. 
Mobility Performance for L1/L2 Mobility with Multi-point Association
This sub-section shows initial simulation results for L1/L2 mobility with multi-point association. The large small cell cluster (See scenario on right-hand side in Figure 6) is assumed for simplicity, i.e., all small cells are regarded as transmission points controlled by one eNB. Three sets of mobility parameters are evaluated as shown in Table 2. Set C corresponds to the existing L1 measurement behavior without TTT and A3 offset. Sets D and E represent behaviors in which UEs should switch TPs more frequently. Only one TP transmission was assumed for initial evaluation purpose. Multiple TP transmission should be considered to improve received SINR in future studies. More densely deployed scenarios should also be evaluated in the future studies. The other parameters are aligned with those in Annex A.  
Figures 7(a), 7(b), and 7(c) present CDF data of the wideband SINR just before TP switching for 3 km/h, 30 km/h, and 60 km/h, respectively. We assume that the threshold for the TP switching failure should be -10 dB, i.e., TP switching failure occurs when the wideband SINR just before TP switching is lower than -10 dB. Figure 7 summarizes the probability of the TP switching failure and TP switching rate (the number of TP switches per second). We observe that the TP switching failure can be suppressed for all parameter sets. It is true that the number of TP switches significantly increases, but it can be ignored in L1/L2 mobility with multi-point association. 
Observation 4: L1/L2 mobility with Multi-point association can handle high UE speeds in super-dense small cell scenarios. 
Table 2 Mobility Parameter Sets
	Profile
	Set C
	Set D
	Set E

	(Time-to-trigger [msec])
	0
	0
	0

	(A3 offset (Hysteresis) [dB])
	0
	0
	0

	(RSRP L3 filter coefficient)
	0
	0
	0

	L1 measurement period [msec]
	200 (5 samples with 40 msec interval)
	40 (1 sample with 40 msec interval)
	1

	TP switching periodicity
	200 msec
	40 msec
	1 msec

	HO preparation delay
	40 msec
	0 msec
	0 msec
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Figure 7 Wideband SINR just before TP switch for (a) 3 km/h, (b) 30 km/h and (c) 60 km/h
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Figure 8 TP switch failure and TP switch rate
5.
Work Plan in 3GPP
This section proposes work plan for further studies in the 3GPP.
· (1) Mobility simulation campaign for dense small cell deployments (in RAN1)
· The simulation assumptions in TR 36.839 [2] would be a good starting point.
· The simulation assumptions should be agreed in the e-mail discussions before RAN1 #73 e.g., the end of February 2013.
· Super-dense deployments should be considered

· Not only one TP transmission, but also multi TP transmission should be evaluated

· The simulation results should be discussed during RAN1 #73.
· (2) Identify mobility scenarios, possible NW configurations, and mobility procedures (in RAN1/ RAN2)
· Mobility scenarios and possible NW configurations should be discussed during RAN1 #73 and #74 based on the mobility simulation results from RAN1 #73 and #74. (in RAN1)
· Mobility procedures should be discussed during RAN1 #73 and #74. (in RAN1)

· Issues such as how much measurement period a UE should have, how frequently a UE should take measurements, and how a UE should send feedback to eNB should be addressed.
· Signals/ channels for measurements should be specified if necessary (in RAN1)

· RAN1 should send LS to RAN2 to inform them of the outcome of RAN1 studies and RAN2 should review it. (in RAN2)
· (3) Specifying RRM requirements and test cases (in RAN4)
· Reasonable RRM requirements/ test cases should be appropriately specified to ensure that UE can correctly conduct L1/L2 mobility with multi-point association
6.
Conclusion

This document discussed potential solutions to support high UE speeds in R12 SCE. We observed based on the mobility simulation results that conventional RRC-layer HOs cannot handle high UE speeds in super-dense small cell deployments. We propose that mobility among small cells be conducted in a lower layer (L1/L2 mobility with multi-point association) instead of the RRC layer. Its potential gain was shown in the mobility simulations. The points to be studied in the SCE SI are summarized below. A more detailed work plan was described in Section 5. 
· Points to be studied in SCE SI

· (1) Identify future mobility scenarios and possible NW configurations in super-dense small cell deployments (in RAN1/ RAN2)

· (2) Specify required mobility procedures (in RAN1/ RAN2) 
· (3) Specify required signals/ channels for measurements (in RAN1)

· (4) Specify required RRM requirements and test cases (in RAN4) 
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Annex A. Simulation Assumptions
Table A.1 presents basic radio configurations for the mobility simulation. The parameters are basically the same as those in Table 5.3.2.1 in TR 36.839 [2]. Table A.2 presents other parameters for mobility performance evaluation. 
Table A.1. Parameters for Basic Radio Configurations
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	 

	Distance-dependent path loss 
	TR 36.814 [5] Macro-cell model 1
	TR 36.814 [5] Pico cell model 1

	Number of sites/sectors
	19/ 57
	4

	BS antenna gain including cable loss 
	15 dB
	5 dB

	MS antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	Correlation distance of shadowing
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	Same 3D pattern as is specified in TR 36.814, Table A.2.1.1-2 [4]
	Omni, as specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier frequency / bandwidth 
	2.0 GHz/ 10 MHz 
	2.0 GHz/ 10 MHz 

	Total BS TX power 
	46 dBm 
	30 dBm 

	Penetration loss
	20 dB
	20 dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	Same requirements as specified in TR 36.814 [4].


Table A.2: Parameters for Mobility Performance Evaluation
	Items
	Description

	Pico cell placement
	Randomly and uniformly placed

	Cell loading
	100%

	UE speed 
	3 km/h, 30 km/h, 60 km/h 

	Channel model 
	Six-ray typical urban model

	Measurement bandwidth
	50 RBs

	L1 measurement period
	200 msec (5 samples with 40 msec interval)

	Measurement error modelling
	No measurement error

	Handover preparation (decision) delay
	40 ms (Note: This is slightly different from the value in TR 36.839 [2])

	Handover execution time
	40 ms (Note: HO failure is evaluated just after UE receives HO command. So, this parameter does not affect the HO failure performance.
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