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1. Introduction
In the discussion context for Rel-12 WI: UMTS HetNet Mobility as proposed in [1], UE is supposed to able to discover and inbound into inter-frequency 3G small cells more efficiently. Meanwhile taking the other two parallel Rel-12 WI/SI into account, UE camping on 3G macro cell is also supposed to able to discover and inbound into inter-RAT 4G small cells and/or WLAN small cells more efficiently. Although these WIs have been studied in isolated manner so far, there are definitely manifold impacts on UE mobility behaviour when they are considered together jointly. In this contribution, we shall trigger some relevant discussion and shed some initial thoughts.
2. Discussions
It is possible that some multi-RAT HSPA+ operator deploys 3G/4G/WLAN small cells within the same umbrella macro cell for capacity boosting purpose, furthermore there can be some overlapping area where UE (camping on 3G macro cell) can measure and see 3G/4G/WLAN small cells at the same time as shown in Figure 1 below. In such scenario, two basic questions arise as below:
1: How NW optimizes the UE mobility behaviour in Cell_DCH state properly?
2: How UE optimizes its own mobility behaviour in Non Cell_DCH state properly?
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Figure 1: Multi-RAT small cell deployment scenario
In the isolated discussion context for UMTS HetNet Mobility alone, UE should be able to discover certain inter-frequency 3G small cell as its most suitable target, e.g. via NW based/assistant means, UE relaxed measurement etc. To our understanding, that is mostly intra-UMTS HetNet mobility optimization done so far, without considering 4G/WLAN small cell jointly. There can be some cases that certain neighbouring 4G/WLAN small cell outperforms aforementioned inter-frequency 3G small cell from both QOS and NW global capacity perspectives.
For UE in Cell_DCH state where NW has tight RL control, we foresee no big mobility decision deficiency, as before the HO is conducted, NW shall make proper assessment about RL quality and resource situation for target small cell. The other factors that can be referred are such as: load info in different type of target small cell, various deployment topology, UE services/mobility profile etc. E.g. If CS voice call is running in UE, 3G small cell can be typically the best measurement and HO target choice. If 4G small cells are deployed more densely in cluster manner, then it can be ideal target for UE in low/medium speed. If WLAN small cell is lightest loaded among all for the time being, then it can be ideal target for UE with heavy data traffic demand. In short, mostly per NW RRM implementation level, optimal UE mobility behaviour can be achievable even in multi-RAT small cell environment.
Observation 1: UE in Cell_DCH state can achieve optimal mobility result in the Multi-RAT small cell environment with existing implementation means today.
For UE in Non Cell_DCH state where NW has no tight RL control, we foresee some mobility decision deficiency only per current specification means. Currently, the UE intra/inter-RAT cell reselection decision is purely based on source& target cell DL signal condition and their absolute priorities. Above legacy specified means tend to move UEs from places with worse DL signal condition or lower prioritized layer towards places with better DL signal condition or higher prioritized layers, and this is rather practical in legacy macro cell environment. However, in multi-RAT small cell environment, the DL signal condition and its absolute priority may not always lead to the desired or optimal mobility results, as the UL signal condition or other referring factors like NW load; small cell deployment topology; UE services/mobility profiles etc can also play important roles at determining QOS and NW global capacity. E.g. there can be some case that UE reselects towards the best inter-frequency 3G small cell with highest priority, but gets resource congested there in the UL. 
Observation 2: UE in Non Cell_DCH state cannot achieve optimal mobility result in the Multi-RAT small cell environment without further specified work to be done.

Proposal 1: Based on observation 1 and 2, we propose to focus on optimizing Non Cell_DCH state UE mobility behaviour in the Multi-RAT small cell environment.
Multi-RAT small cells are mostly beneficial for UE in low speed, as UE in medium/high speed cannot obtain sufficient offloading gain due to very short TOS, but introduce mobility signalling overhead or potential RL robustness issue. As already expressed in [2] a bit, advanced UE of Rel-12 onwards should be able to know its speed status via either 3GPP specified or non-3GPP specified means, from UE battery saving and mobility performance viewpoints, it makes sense for 3G macro cell to switch on&off UE in medium/high speed inbounding into neighbour multi-RAT small cells. To provide NW more flexibility, above inbounding switch on&off configuration can be set per RAT layer.
The DL or UL resources in some multi-RAT small cells are also easily consumed up by many stationary UEs in certain period of time, in such case those multi-RAT small cells cannot guarantee equivalent QOS or even severe its overload/congestion situation. Hence it seems straightforward that those multi-RAT small cells had better prevent UEs from being inbounded for certain period of time until resources become available again. It makes sense for 3G macro cell to broadcast neighbouring multi-RAT small cells’ resource status in some manner (The relevant SIB repetition period is FFS to avoid group UE-inbound/outbound!). To provide NW more flexibility, NW may predefine its own resource status per own policies, e.g. light/heavy or suitable/unsuitable and set per RAT layer.
There can be some other factors taken into account to optimize Non Cell_DCH UE mobility behaviour, up to the acceptable complexity level, and above principle scheme can be illustrated in Figure 2 below:
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Figure 2: 3G Macro cell broadcasts Multi-RAT small cell mobility reference info
UE shall filter out unsuitable multi-RAT small cell layers based on SIBs, and shall only inbound into optimal target small cell on top of legacy macro cell reselection rules. It is worth stressing some facts that above scheme mainly aims to filter out those multi-RAT small cell layers for capacity boosting purpose, but still leaves small cell layers for coverage amending purpose alive as target candidate. Furthermore, above scheme does not aim to break legacy multi-RAT macro cell reselection rules, but works on top of it. For future-proof reasons, more SIB bits can be reserved for X-RAT small cells in long term. Above scheme is also applicable from 4G macro cell perspective.
Proposal 2: To consider above multi-RAT small cell layer filtering scheme in principle.
Proposal 3: To evaluate the additional required SIB capacity with Rel-12 BCH enhancement.
3. Conclusions
In this contribution, we proposed some multi-RAT small cell layer filtering scheme in principle, and RAN2 is kindly asked to discuss following proposals:
Proposal 1: Based on observation 1 and 2, we propose to focus on optimizing Non Cell_DCH state UE mobility behaviour in the Multi-RAT small cell environment.
Proposal 2: To consider above multi-RAT small cell layer filtering scheme in principle.

Proposal 3: To evaluate the additional required SIB capacity with Rel-12 BCH enhancement.
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