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1. Introduction

In this paper we would like to propose the content of the HetNet mobility to HetNet TR 25.800 [1] to capture:
· The mobility simulation assumptions agreed in email discussion after RAN2#81meeting [2]
· The observations of the simulation results proposed in email discussion after RAN2#81meeting [3]
· The related mobility issue descriptions and possible solution which reflect the common understanding achieved in RAN2#81bis.
Note: The revises based on the last version of email discussion [81bis#02] are marked by yellow background. 
2. Proposal

It is proposed that the updated TR as provided in this contribution is discussed and endorsed. 
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6.2
Mobility aspects


6.2.1 Discovery and identification of small cells

The typical deployment scenarios for small cell are:
· One macro frequency layer provides full coverage and small cells are deployed in the same frequency layer, i.e., co-channel deployment, This scenario applies to single or multi frequency deployments, where macro and small cells can be deployed on one or multiple carriers.
· Small cells are deployed on another frequency layer, i.e., dedicated channel or dedicated frequency deployment, for the purpose of traffic offloading. Thus it is required that the UE under the coverage of the small cell should be able to select/reselect/handover to the small cell frequency in order to offload the UE to the small cell. 
· Mixed co-channel and dedicated carrier deployments.
· One or more low power nodes are deployed within the combined-cell coverage area, where a LPN is one of the spatially separated transmit-receive points in the combined cell and the transmission/reception points created by the LPNs have the same L3 cell identity (same primary scrambling code) as compared to the macro cell.
Since small cells are typically scattered within macro layer providing non-continuous coverage, it is the common understanding that continuously performing inter-frequency measurements may be unnecessary, and will cause significant UE battery consumption and potential data transmission interruption (e.g. if compressed mode is needed). The unnecessary intra-frequency measurements should also be minimized (especially in Idle mode), although these issues are expected to be less significant (e.g. on UE battery consumption) than the inter-frequency measurements.
The study will focus on the discovery and identification of small cells on a different frequency, aiming the purpose of reducing UE battery consumption and data transmission interruption. 
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6.2.2 Mobility performance issue based on UE speed


For co-channel deployment, the coverage of small cell is much smaller than the macro cell, and typically the radio channel around the small cell will change faster than the macro cell channel. When UE moves between the macro cell and the small cell, more challenges on the performance of serving cell change and active set update, especially when UE speed increases, could be expected, i.e., more active set update failure and more serving cell changes failures may happen.

Another issue is more handover procedures and signalling messages due to the deployment of small cells. After deploying the small cell, the UE has to perform more handover procedures (between macro and small cell, and vice versa) compared with the legacy macro cell deployment.
Some observations for simulation results have been described in the Annex A8. 
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6.2.3 Mobility issues of massive deployment of small cells


Depending on the requirements of system throughput gain and the transmission power of small cell, many small cells may be deployed within one macro cell coverage, 
There might be an issue of PSC confusion or not, pending on different mechanism of PSC allocation for small cells. There are two kinds of PSC allocation method for the small cells: 

1. Non-sharing allocation: In this method, each small cell is assigned with a unique PSC in one macro cell coverage. 
2. Sharing allocation: In this method, one PSC can be assigned to several small cells within one macro cell coverage if those small cells are not adjacent to each other, which enables the possibility that all of the neighbouring macro cells and small cells can be put into the NCL without extending the NCL size.
PSC confusion might happen for the sharing allocation case, which technically is similar as what had been discussed for the HNB in Rel-11. For Non-share allocation, it should be noted that if the small cells deployed in a coordinated way with careful network planning, it is reasonable to assume that there should be no PSC confusion issue. 

While for non-sharing allocation case, even if each small cell is assigned with a unique PSC, if all the small cells could not be included in the neighbour cell list (NCL), the detection of small cells may need to rely on the intra/ inter-frequency detect set operation which may cause a significant delay in the handover procedure. However, the current size of NCL is limited to 32 cells per frequency which might be insufficient if small cells are to be deployed. 
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7.4.1 Solutions to small cell discovery and identification
This section describes some solutions identified so far.
5. UE based proximity detection
Proximity based mechanism was introduced for CSG cell detection and measurement, in which autonomous search function is used to determine when and where to search for the member CSG cells, similar mechanism could also be extended to small cell discovery, and could be divided to several options [13].

Based on UE implementation (e.g. the fingerprint info), UE is able to determine that it is near a small cell and may provide to the network a proximity indication, the network could configure the compressed mode gaps for the UE to measure the inter-frequency small cells. The difference from CSG case is that there is no “CSG whitelist” for small cells, and the small cells are open and deployed in the public place, so how to maintain feasible fingerprint info might be a challenge.

6. Network based proximity detection 
As described in [12] and [13], proximity detection for inter-frequency small cells is performed by the macro network or Small cell through detecting the uplink signal of UEs which are near the small cells in CELL DCH, upon being detected by macro network or small cell, the UEs are further commanded to initiate inter-frequency measurements towards small cells. Here the main challenge is how to determine those nearby candidate UEs, Round Trip Time (as used in location based service, for example) measurements, information on Active Set or pre-configured information, e.g., fingerprint info, are possible ways.. 
7. UE detects small cell with network assistance 
The basic approach here is for the network to indicate the information of the presence of small cells to the UEs, such info could help the UE to detect the small cells nearby, in other words, network provides, the fingerprint info for example, for the UE to use, which could improve the discovery efficiency and save the power consumption. Such info could include (precise or approximate) location info of the small cell(s) overlaid with the macro cell, or distance info of small cells towards macro cells either in RSCP or in pathloss, or even the frequency info of the small cell with which UE could use DRX to perform background search. In general, the intention is to try to reduce the impact on power consumption and data transmission introduced by proximity detection.
8. Relaxed and limited measurements for UE in Non DCH state
a. The network could mandate the UE to perform Inter-frequency measurements for a limited period of time when changing state to save battery power.

b. Also some relaxed inter-frequency measurements for cell reselection can be used as described in [17].
9. Configurable NCL in CELL_PCH and CELL_FACH

The Network can change the NCL of the UE when in CELL_FACH or CELL_PCH for reselection on a dedicated manner
The following table compares different solutions above in terms of power consumption, performance, complexity and specification impact.
Table-X Comparison of possible solutions to small cell discover and identification
	Solution
	power consumption
	Performance
	Specification impact 
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7.4.2 Solutions to the mobility performance degradation caused by high UE speed
This section describes some solutions identified so far ([9][10][11][14][16]). Possible solutions achievable by proper NW configuration and/or implementation are not covered.
4. Solution to more signaling messages

To keep the macro cell always in the active set will reduced the handover procedures for the UE travelling across the macro cell, i.e., when UE enters the coverage of small cell, the UE will not report 1b, and the active set update procedure for removing macro cell from active set will not be triggered. When UE moves out of the small cell coverage, the UE will not need to report 1a for adding macro cell into the active set.
5. Solution based on UE speed knowledge

In CELL DCH, NCL could be allocated dynamically based on UE speed in order to make the best use of existing NCL size. Dynamically allocating NCL for medium and high speed UE could decrease number of measurement reports and improve HO performance
6. Solutions to avoid handover or reselection to small cells without using speed estimation. 

In CELL_DCH state it is possible to configure measurements in order that some measurement events are applicable to small cells and others to macro cells – this can be done using the existing “cells for measurement” IE, or in case NCL needs to be extended it is possible to allocate extended values to small cells while using the existing NCL for macro cells. By configuring those applicable to small cells to use, e.g. longer TTT, different CIO, or hysteresis/threshold values it is possible to trigger small cells measurement events when UE is at a relatively low speed or in good conditions without affecting the macro cell measurements. This approach can be optimized to cover cases of active set update, multiflow. 
In Idle, PCH, FACH is also possible to use separate thresholds or CIO, longer Treselection for small cells, or use uplink coverage as well as downlink coverage when performing cell reselection calculation. 
7. Additional cell information per cell in NCL in CELL_DCH

Additional information on the cells can be added, like the fact that the cell is a small cell, some radio parameters on the cell.
8. Configurable NCL in CELL_PCH and CELL_FACH

The Network can change the NCL of the UE when in CELL_FACH or CELL_PCH for reselection on a dedicated manner
7.4.3 Solutions to the issues of massive deployment of small cells
There are some solution alternatives or suggestions to PSC confusion which have been discussed and suggested in [9][10][11][15].

1. Extend the neighbour cell list (NCL) size
Actually this method is not for addressing PSC confusion but for NCL size limitation. The main motivation of extending the size of NCL is to allow the network to include all the small cells in the NCL so that UE could report each detected small cell to the network side. More issues, however, might be expected in this solution, e.g., how many additional entries could be extended on top of existing size of NCL, should the measurement requirement be updated or not, etc..
7.4.4 Mobility aspects related with combined cell
In a combined cell deployment the macro cell and LPNs that are deployed within the combined cell coverage area will have the same L3 cell identity, and consequently the UE only needs to discover and identify the combined cell (which includes LPNs deployed within the combined cell coverage area). There is no need to discover and identify each LPN individually. Hence, as far as cell discovery and identification are concerned, the UE will behave as it is in a macro-only network.
For combined cell deployment, no HO occurs between LPNs or between a LPN and the macro cell within the coverage of combined cell. Hence, the introduction of LPNs does not affect negatively the number of HOs in combined cell compared to Macro only networks. The negative impact on HO performance due to the deployment of LPNs in a Macro cell could be avoided, which is especially important for a high speed UE.
Since in a combined cell deployment the LPNs deployed within the combined cell coverage area have the same primary scrambling code, then only one PSC is needed to identify the combined cell including the macro cell and  all LPNs that are deployed within the combined cell coverage area and sharing the same cell identity. Hence, there is a clear benefit with combined cell deployment to avoid the PSC confusion problem.
In a combined cell deployment the LPNs deployed within the combined cell coverage area have the same L3 cell identity as the macro cell, from RNC perspectives, hence the entire combined cell is considered as one L3 cell identity. Consequently there is no increase of NCL size due to the deployment of LPNs, this helps to avoid the potential extension of NCL size in heterogeneous networks.
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A.5
Mobility Simulation Assumptions

Simulation assumptions for mobility are given in Table x.

Table x: Mobility simulation assumptions
	Macro-pico deployment type
	Co-channel

	Cell loading [%]
	100, 50 (optional)

	Number of sites/sectors
	19/57, 7/21(optional)

	LPN deployment method
	Random placement: LPN randomly and uniformly placed within a macro cell satisfying the distance requirement

	UE speed  [kmph]
	3, 30, 60, 90,120

	UE movement
	Random
( After initially being dropped at a random location, the UE will randomly select a direction and move in a straight line at a constant speed)

	Event 1A, 1B Reporting Range [dB]
	1A 4.5, 1B 4.5

	Event 1A, 1B, 1C TimeToTrigger [ms]
	1A 320, 1B:640, 1C:320

	Event 1A, 1B, 1C Hysteresis [dB]
	1A:0dB, 1B:0dB, 1C:1dB

	Event 1A, 1B Maximum Network Delay [ms]
	200 for SRB over DCH and 100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1a, E1b) on the UL till the time it receives a L3 confirmation on the DL ( ASU ))

	Event 1D TimeToTrigger [ms]
	160, 320, 640

	Event 1D Hysteresis [dB]
	0, 1, 2, 3

	Event 1D Maximum Network Delay [ms]
	200  for SRB over DCH and 100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1d) on the UL till the time it receives a L3 confirmation on the DL ( RBR or PCR))

	Tmeasurement period intra [ms] 
	200

	Layer3 Filter Parameter K

(corresponding to 458ms filter time constant with Tmeasurement period intra =200 ms)
	3

	CIO [dB]
	0, 3 
(value 0 for Macro/LPN to  Macro , 0 & 3 for macro/LPN to LPN)

	Max active set size
	3, 4

	Threshold for receiving RBR/ASU, Ec/Io [dB]
	-20dB for single rx, -23dB for dual rx

	UL UE category
	2ms TTI and 10ms TTI (optional) 

	Active set size to trigger 1C
	Equal to Max active set size

	Active set size to trigger 1A
	Equal to or lower than (Max active set size-1)

	Event 1A, 1B W
	0

	HS-SCCH Order Decoding Threshold in Ec/Io
	-28dB for single rx, -31dB for dual rx

	Period to evaluate the Ping-pong handover [s]
	1


A.6
Mobility simulation performance metrics
· For UEs, a handover failure is declared if

· after event 1D is triggered for the target cell, UE fails to receive the RBR from the source cell, or

· after the event 1A or event 1C was triggered for the same target cell, UE failed to receive the ASU that added the target cell in the active set.
· RRC message reception failure can be modelled by either one of the two methods:

· actual decoding failure;

· comparing the CPICH EcIo with the respective threshold for the RRC message.

· Ping-pong handover：

· Period during UE hand-in a cell and hand-out this cell less than define threshold (i.e. 1 second).

· Ping-pong handover ratio：
· defined by (number of Ping-Pong HOs) / (Total number of HO attempts- number of HO failures).
A.7 Mobility simulation results
Based on the mobility simulation assumption and performance metrics defined above, simulation has been conducted focusing on the following cases: active set update failure, serving cell change failure and ping-pong handover, detailed simulation results could be seen in [6][7][8].

A.8 Observations from the mobility simulation results
From the simulation results, the following observations could be achieved:

· With the deployment of small cells, especially with the number of deployed small cells within one macro cell increasing, both active set update and serving cell change increase.

· With the increase of LPN density and UE’s moving speed, both active set update failure ratio and serving cell change failure ratio increase.

· In general, higher failure ratio for active set update and serving cell change is observed for mobility between macro cells and smalls than between macro cells, especially for mobility from small cell to macro cell.

· When SRB over HSPA is configured with pre-Rel8 serving cell change, the handover failure ratio is observed to be higher than using SRB over DCH or Rel8 enhanced serving cell change (using SRB over HS).
· eSCC (SRBoH) can also achieve much better HO (serving cell change) performance than SCC with SRBoH

· SCC with SRBoD and eSCC (SRBoH) could achieve similar HO (serving cell change) performance
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