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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:
· Report of email discussion on [82#27][UMTS_Het-Net] Solution evaluation [2]
· Other related mobility issue descriptions and possible solution which reflect the common understanding achieved in RAN2#82.
2. Proposal

It is proposed that the updated TR as provided in this contribution is discussed and endorsed. 
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7.4
Mobility aspects
[Editor Note: Some solutions may be applied for multiple indentified issues.]
7.4.1
Solutions to small cell discovery and identification

This subclause describes some solutions identified so far. Some solutions including the proximity detection have been investigated in LTE; see 3GPP TR 36.839 [25].
1.
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 [11].

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.

2.
Network based proximity detection 

As described in [8], [10], [11] and [26], proximity detection for inter-frequency small cells for UEs in the vicinity areas of Macro or 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. 
The network can perform the proximity detection based on the existing measurement report on the serving carrier. Based on the detected proximity information, the network will make decision about when to activate the inter-frequencies measurements. 

3.
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.

4.
Relaxed and limited measurements for UE in Non DCH state
The basic approach of this method is that the measurements towards interfrequency cells are changed:
a. The network could request the UE to perform Inter-frequency measurements for a limited period of time when entering non DCH states to save battery power [15].
b. Also some relaxed inter-frequency measurements for cell reselection can be used as described in [15][32].
5.
Configurable NCL in CELL_PCH and CELL_FACH

When the UE is in CELL_FACH or CELL_PCH, the Network can change the NCL of the UE using dedicated signalling, cells can be added or removed from the list broadcasted in the SIB on a per UE basis [15].
Table 7 compares different solutions above in terms of power consumption, performance, complexity and specification impact.

Table 7: Comparison of possible solutions to small cell discover and identification

	Solution
	Power Consumption
	Performance
	Specification impact 
	Complexity
	Impact node 

	1)
	Additional power consumption is expected from UE.
	Depending on UE implementation, but it may bring data interruption.
	Should be RAN2.
	High complexity in UE side.
	UE & RNC

	2)
	Should be no additional power consumption in UE.
	Depending on detailed network implementation, better performance could be expected.
	Should be RAN3 if needed.
	Additional complexity introduced in the network side.
	RNC

	3)
	Should be of no additional power consumption.
	Depending on accuracy of the info provided by network, performance could be better than 1.
	Should be RAN2
	Additional complexity introduced in both network and UE side.
	UE & RNC

	4)
	Additional power consumption should be low.
	Performance remains arguable.
	RAN2 & RAN4
	The complexity is how to find the correct trade-off between latency and power consumption
	UE & RNC

	5)
	Should be no additional power consumption.
	Performance remains arguable.

	RAN2
	The complexity is foreseen in both UE and network side. 
	UE & RNC


7.4.2
Solutions to the mobility performance degradation caused by high UE speed

[Editor Note: FFS whether the classification of the following solutions/clauses needs to be re-organized.]

This subclause describes some solutions identified so far ([7][8][9][12][14][16][17][18][35]). Possible solutions achievable by proper NW configuration and/or implementation are not covered.

1.
Solution to more signalling 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.

2.
Solution based on UE speed knowledge

This approach firstly requires the knowledge of UE speed information. UE speed information could be estimated through the statistics of the frequency of cell reselection or active set changes, some additional info, e.g., cell size or cell type (Macro cell or small cell), could help the estimation to be more accurate.

Assuming an accurate knowledge of the UE speed, 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.

3.
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 studied, for example, 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. 

4.
Additional cell information per cell in NCL in CELL_DCH

Some information elements can be added in the NCL. The UE may use all or a subset of the proposed parameters and report measurements back to the network. The network may use these measurements to enable better decision making in HetNet environments. Some possible information are: LPN power class for the UE to know that the cell is low power node; LPN timing offset, to help the UE cell search; LPN UL desensitization, for the UE to estimate UL/DL imbalance; compensation factor for UE to calculate boosting factor for UL channels e.g. HS-DPCCH; cell specific Time to Trigger.
Table 8: Comparison of possible solutions to mobility issues by high UE speed
	Solution
	Power Consumption
	Performance
	Specification impact 
	Complexity
	Impact node 

	1)
	Should be no additional power consumption.
	Potential benefits could be expected, but if the benefits apply to low speed or high speed UEs depends on the detailed mechanism.
	May or may not have spec impact pending on the detailed mechanism, e.g., if a cell type indication is needed in the radio interface.
	Low.
	UE and RNC.

	2)
	Should be no additional power consumption.
	Performance depends on the implementation.
	No spec impact.
	Complexity depends on the implementation.
	UE and RNC.

	3)
	Should be no additional power consumption.
	It is believed that the number of HO could be reduced.
	RAN2
	In general, low.
	UE and RNC

	4)
	Should be no additional power consumption.
	Could bring better mobility performance.
	RAN2
	In general higher complexity is introduced.
	UE and RNC.


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 [7][8][9][13][18][20][21].

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.

2.
Measurement event specific cell lists

The basic approach would be that a list of cells apply to some measurement events (e.g. the current NCL in CELL_INFO_LIST containing Macro cells), and another list of cells apply for other measurement events (e.g. an extension to CELL_INFO_LIST containing PLN cells).





Table 9: Comparison of possible solutions to massive deployment of small cells
	Solution
	Power Consumption
	Performance
	Specification impact 
	Complexity
	Impact node 

	1)
	It depends on the number of added cells.
	In general, with a reasonable size extension of the current NCL, it is a reasonable solution with good performance if RAN4 requirements could be maintained.
	RAN2 and RAN4 would be impacted
	Low complexity for network, the main updates inside the UE is measurement behaviour and requirement.
	UE and RNC

	2)
	Should not be significant.
	Some mobility performance improvements could be expected, pending on the detailed solution.
	Mainly RAN2, e.g., a new CELL_INFO_LIST for small cell and some other new IEs need to be introduced pending on the detailed solution.
	Medium. 
	UE & RNC


7.4.4 Mobility aspects related with combined cell

As described in [24], 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, and combined cell deployment can complement co-channel deployment to improve the mobility performance of a heterogeneous network.
7.4.4.1 Hand Over aspects in combined cell deployment
For combined cell deployment, in any transmission mode, see 7.3.4, no HO occurs between LPNs or between a LPN and the macro cell within the coverage of combined cell. Since there is no HO between Macro cell and LPN neither between the LPNs within the combined cell, the robustness of the serving cell change is improved in combined cell deployment compared to co-channel deployment [30]. 
In SFN transmission mode, see 7.3.4, a subset of or all the LPNs in a combined cell are selected to transmit the same signalling in parallel which improves the transmission robustness for the HO signalling messages, which improves the HO performance especially for UEs with a limited coverage area. 

In the SR transmission mode, see 7.3.4, the central scheduler select the node which has the best link to transmit HO signalling which will increase the robustness of the HO performance and improve the resource utilization of the Macro cell.
It is important to select the most suitable transmission modes to transmit HO signalling in combined cell. The selection of the transmission nodes can be switched on a TTI basis. Hence, the transmission node or transmission mode could be different for different RLC (re)transmission attempts for the same HO signalling message. In addition, adding LPNs in combined cell nullifies the impact of shadow fading due to the combined reception of the P-CPICH signals from all nodes and reduce the number of HOs compared to macro cell only case and also compared the co-channel deployment case [31].

Hence, the introduction of LPNs does not affect the number of HOs in combined cell compared to Macro only networks. In addition fewer HOs are triggered compared to the co-channel deployment, see [31]. The HO performance improvement in combined cell is especially important for a high speed UE.
7.4.4.2 Primary Scrambling Code in combined cell deployment 
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.
7.4.4.3 Neighbour Cell List in combined cell deployment
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 need to increase the NCL size due to the deployment of LPNs, this helps to avoid the potential extension of NCL size in heterogeneous networks.

7.4.5
Solutions to the issues of Multi-carrier operation
Since there may be an issue of inefficient secondary serving cell change during multi-carrier operation in HetNet deployment, some enhancements could be considered, here we provide some examples related to issues and possible solutions.
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Figure x1: Range expansion scenario by reducing Macro power
In the first example in [33], as illustrated in figure x1, the UE is working in DC-HSDPA operation and the macro cell on frequency 2 is the serving cell and the macro cell on frequency 1 is the secondary serving cell. If the UE moves toward the small cell on frequency 2, the UE may trigger event 1D on this carrier and then the serving cell is changed to that cell.

In order to optimize the handover performance for the above use case, for the UE supporting inter-frequency measurements without compressed mode and independent event reporting on the secondary carrier, it is suggested to use inter-frequency measurement events in order for changing of the best cell to the secondary carrier, and the UE is required to perform intra-frequency measurements on the secondary frequency. For this procedure, the serving cell will be changed from the macro cell on frequency 2 to the macro cell on frequency 1 instead of the small cell on frequency 2.

In addition, the time for inter-frequency handover procedure will be shorter as the network does not have to configure event 2d in order to know how bad the used frequency is.

In the second example in [34], also illustrated in figure x1, it would be efficient to transition from DC to DF-DC as soon as the quality of the secondary carrier cell from the neighbor Node B becomes good enough, for example when it becomes better than current secondary cell. In this regard it would be desirable that the UE could notify the RNC when certain measurement events (e.g. change of best cell, pilot entering/leaving an ASET reporting range) happen on the secondary carrier, similarly to what is defined for DC-HSUPA (specifically, events 1a, 1b and 1c on the secondary carrier can be reported when DC-HSUPA is configured).As illustrated above, let us assume a UE moves from the macro cell to the small cell on frequency 2, starting in DC mode, with F1 as the anchor carrier.

If we rely on the existing mobility mechanism applied to the anchor carrier, DF-DC could be triggered by event 1a. The triggering process is not efficient though: in the specific case above, an event 1a will not be triggered until UE enters the SHO region near the DL boundary of F1. At that point, the UE can be switched to DF-DC by RNC blindly, or after an MCM instructing the UE to perform an inter-frequency measurement (e.g. using compressed mode). 

By adding new event triggering functionalities, e.g. event 1d reporting (best cell change) on the secondary carrier, the RNC could reconfigure the UE from DC to DF-DC much earlier than waiting for an event 1a on the primary carrier (as with legacy mobility). As such, it will increase the performance gains of DF-DC because DF-DC region is extended. Note that when receiving an event 1d on F2, the RNC would perform both anchor carrier switch (from F1 to F2) and DF-DC reconfiguration, so that both cells on the anchor carrier (F2) can be in SHO (it would not be possible on F1).

To efficiently exploit the described benefits of independent event reporting on the secondary carrier (i.e. not triggered by events on the anchor carrier), it is important to minimize or avoid performance issues due to periodic or long inter-frequency compressed mode gaps. Compressed mode would be typically needed by the UE to perform inter-frequency measurements unless the UE uses inter-frequency measurements without compressed mode, which is functionality introduced from Rel-8 (for DC-HSDPA).
7.4.6 Summary
Based on the analysis above, RAN2 concludes the following:
· For mass small cell deployment, RAN2 considers any further focus should be on NCL extension 

· For speed based mobility, RAN2 recognizes that further enhancements can be considered
· For small cell discovery and identification, RAN2 considers any further focus should be on proximity detection (UE based, NW based, UE based NW assisted) and the relaxed inter-frequency measurements for UE in Non DCH state.
· For combined cell, mobility benefits could be expected, and  no RAN2 mobility impact has been identified.
· For range expansion, RAN2 considers that further mobility enhancements (e.g., intra-frequency event triggered reporting on the secondary carrier) can be considered.
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