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1. Introduction
At RAN#58, the Rel-12 WI: HetNet Mobility Enhancements for LTE was approved, and some LTE HetNet mobility enhancement aspects were described in [1] and summarised as below:

· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.

· Improved small cell discovery/identification that minimises battery consumption without significant impact on small cell offloading potential.  While not excluding intra-frequency, focus should be on inter-frequency small cell discovery. 
· Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks.

· Enhancements to HO performance during long DRX with focus on improvements for HetNets

Meanwhile, the parallel ongoing Rel-12 SI: UMTS HetNet in [2] aims to investigate similar mobility aspects as below:

· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· Investigate improvements to UE discovery and identification of  small cells 
· investigate UE speed based mobility solutions
· investigate the mobility issues of mass small cell deployment (e.g. UE measurement requirements, limited neighbour cell list size, PSC confusion) and possible solutions
· identify the requirements and potential solutions of mobility enhancement for multi-flow deployments, including multi-carrier multi-flow
There are already significant amount of LTE HetNet mobility related technical findings summarized in [3] for references, and in this contribution, we shall further make some initial thoughts on UMTS HetNet mobility specific issues.
2. Discussions
Due to factors like interference and long DRX setting, mobility robustness and HO failure (HOF) are big challenges for UEs (especially at high speed) in LTE HetNet, but HSPA+ UEs in Cell_DCH state are of less concern in this regard, and may encounter less HOF risks with the help of techniques like SHO, eSCC or SRB bi-cast. For mature HSPA+ NWs with good mobility parameter settings in field today, we do not see particular need for further mobility robustness improvement with UMTS HetNet.
Suggestion 1: UE mobility robustness in UMTS HetNet is sufficiently good, and does not need further improvement.
UMTS small cells can be deployed for amending 3G coverage holes especially in scenarios like tunnel, subway, deep indoors etc; or for boosting air capacity. With the generic discussion motivation for small cell, the second purpose “offloading” is our main focus hereafter, so it shall be assumed that for UMTS small cell coverage area, the macro cells’ radio conditions are still sufficiently good, in such case, according to current UE measurement and mobility behaviours, it is not easy for UE to trigger either cell reselection or handover procedure at reasonable battery cost or with legacy RRM mechanism. We shall analyze UE in different RRC states in UMTS HetNet as below:
UEs in idle mode or PCH states contribute little load to NW, and the additional searching process for UMTS small cells (if not included in the legacy NCL) seems not justified, otherwise it shall consume much more UE battery but without improving user experience. E.g. even though UE in idle mode inbounds a small cell after searching, it may leave it soon later. Hence we would suggest UEs in idle mode or PCH states obey the legacy measurement and mobility behaviours, not activating any additional UMTS small cell searching process. It means that UE shall not inbound a small cell even after entering its coverage area or shadow.
Suggestion 2: UEs in idle mode or PCH states obey the legacy measurement and mobility behaviours, and shall not inbound any small cell.

UEs in Cell_FACH state contribute significant amount of load to NW, and for small cell co-channel deployment case, if UE does not inbound a small cell after entering its coverage area, it may cause much UL interferences towards that small cell, hence UE in Cell_FACH state should activate intra-frequency small cell searching process as long as being included in the new NCL (new CELL_INFO_LIST). For small cell dedicated-frequency deployment case, for UE battery saving purpose, we would suggest UE still not activate inter-frequency small cell searching process even being included in the new NCL. Though this might be not optimal from single UE perspective at certain time, but via NW implementation means like load balance, this does not impact the over whole NW capacity much.
Suggestion 3: UEs in Cell_FACH state should activate intra-frequency small cell searching process as long as being included in the new NCL, and shall inbound small cell via legacy cell reselection procedure.
Suggestion 4: UEs in Cell_FACH state should not activate inter-frequency small cell searching process even being included in the new NCL.
Suggestion 5: The new NCL and UE measurement requirement are up to RAN4 for further discussion.
UEs in Cell_DCH state contribute biggest portion of load to NW, for either small cell co-channel or dedicated-frequency deployment case, it is important for UE in Cell_DCH state to inbound any small cell as soon as possible, otherwise the offload gain is degraded. Based on existing intra/inter-frequency measurement and report mechanisms, it is possible to enable small cell becoming target cell by weighting/biasing its signal strength artificially, or NW may estimate UE’s location relative to small cell according to its periodical measurement reports. With the help of intra/inter-frequency detected set measurement, UE may also inbound small cell via normal handover procedures.
Suggestion 6: UEs in Cell_DCH state should activate intra/inter-frequency small cell measurement as long as being configured.
The straightforward idea of small cell “proximity report” can facilitate UE to inbound small cell, but it is not applicable to legacy UEs. Generally speaking, in order to maximize offload gain in UMTS HetNet, the mobility improvement solutions had better be early implementable so even legacy UE should have good potentials to inbound small cell when necessary, and we expect little ASN.1 related changes on both UE and NW side but hope for more implementation level workarounds, especially on NW side. For the aforementioned new NCL, up to UMTS small cell deployment scale, it is not mandatory either.
Proposal 1: To consider suggestion 1-6 listed above and prioritize early implementable UMTS HetNet mobility improvement solution.
Based on observations from LTE HetNet SI, the accuracy of UE mobility state estimate (MSE) shall impact UE mobility performance, e.g. leading to HOF. In UMTS HetNet, the UE mobility speed does not challenge its handover success rate as much as LTE case per our observation, but may still lead to short time of stay (ToS) in UMTS small cell, so the small cell inbounding procedure is not well justified. Currently, per vendor implementation, some NW is able to estimate UE raw speed and even trajectory via analyzing UE’s mobility procedure signal logs, e.g. 1d event occurrence frequency, so NW can normally make wise decision for HCS level choice. With that NW based solution, we think short ToS can be minimized for UE, but we are open to see whether further UE speed or trajectory related info can be helpful, so that the NW processing effort can be saved.

Proposal 2: To investigate whether further UE speed or trajectory related info can be helpful for UMTS HetNet mobility performance.
3. Conclusions
In this contribution, we raised some initial thoughts on UMTS HetNet Mobility. We would kindly ask RAN2 to consider following proposes:
Proposal 1: To consider suggestion 1-6 listed above and prioritize early implementable UMTS HetNet mobility improvement solution.
Proposal 2: To investigate whether further UE speed or trajectory related info can be helpful for UMTS HetNet mobility performance.
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