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1.  Introduction
In the email discussion that was set out after RAN2#56 in Riga, the drivers for mobility control have been identified [1]. This paper presents operator’s view towards the necessary solutions regarding the traffic/camp load balancing drivers. The document is a summary of proposals made in [2]-[6].
2. Proposed solutions
As have been discussed in [2], it is foreseen that LTE carriers/bands are extended in the future to meet capacity needs, hence resulting in coexisting different UE band capabilities and multiple carriers/bands having different coverages throughout the network. Coexistence of various RATs, e.g., LTE, UTRAN, and GERAN, will add to this complexity. To prevent UEs concentrating on certain layers/RATs and to fully utilise the available spectra, mobility control (load balancing) solutions are desired, that accounts for coexistence of various UE capabilities. For example, UEs capable of a newly introduced band at a higher frequency would not select this band (due to the propagation nature, i.e., larger path loss) unless directed to do so. This will spoil the new band. The difficulty of load balancing comes from coexistence of different UE capabilities and coverage discrepancies between layers. Nevertheless, the LTE standard should readily support such multi-band/carrier/RAT scenarios, providing flexibility and efficiency.

The load balancing, or “vertical” mobility, should be managed by the network, either by dedicated control or common control using broadcast. In LTE_ACTIVE, the UE mobility shall be controlled by the network through dedicated control, utilising UE assistance (measurement reports) where possible. In LTE_IDLE, the mobility can be managed by broadcast control, e.g., through the use of inter-frequency/RAT Qoffset. This may however not be sufficient to cope with divergence of scenarios. That is, a broadcast control approach would require different mobility control parameters to be broadcast for different UE capabilities, leading to a significant overhead, and is likely to burden on future extensions. As such, solutions that are based on dedicated control might be necessary to complement.
Having done some studies [2]-[6], the following solutions are proposed:
· Redirection upon RRC establishment

The network should be able to redirect a UE to another frequency layer (or RAT, FFS) upon RRC establishment. This is especially beneficial in supporting a dominant/subordinate cell configuration [2] (i.e., co-located cell where only a single main cell accommodates LTE_IDLE camping and the other overlaid cells serve only LTE_ACTIVE UEs). A fast (synchronous) redirection procedure [4] should be supported to allow fast transitions between co-located cells. (The proposed procedure is shown in Annex.) To allow redirections to cells that are not co-located, a non-synchronous procedure should also be supported, although it is FFS whether a special procedure is required for this purpose or it can be handled by normal handovers. The choice of procedure depends on the network deployment, and hence should be an operator decision.
· Redirection during RRC_CONNECTED

The network should be able to redirect a UE to a cell on another frequency layer or RAT during RRC_CONNECTED. This can be done by inter-frequency/RAT handover, with preceding measurements using scheduler gaps if necessary. A fast (synchronous) redirection procedure should also be supported for fast transitions between co-located cells (i.e., optimised handover procedure for intra-eNB mobility). The choice of procedure depends on the network deployment, and hence should be an operator decision. When to trigger the redirection is also an operator decision.
· Redirection upon RRC release

The network should be able to redirect a UE to another frequency layer or RAT upon RRC release. The UE should perform cell selection on the redirected layer/RAT and camp on a suitable cell. The UE should further perform TAU, if necessary [5].
Note:

· To prevent any missed paging due to TAU, LTE/SAE should be equipped with a mechanism such as paging repetition.
· TAI allocation upon RRC release can be considered as a possible optimisation, for the special case where the UE turns to LTE_IDLE in the pool area managed by the current serving MME, and the UE is not redirected.
· TAU during LTE_ACTIVE should only be considered if MME is to be relocated during LTE_ACTIVE.
· Inter-frequency/RAT Qoffset

The inter-frequency/RAT Qoffset should be broadcast to set bias in cell (re-)selection to make certain frequency layers/RATs more preferable than others. This can be used to compensate the path loss difference between frequencies, and can also be used aggressively for load balancing purposes. To reduce the signalling overhead, a Qoffset can be defined per inter-frequency/RAT relation (i.e., it does not have to be configurable per inter-cell relation as in UTRAN).
· UE (or group) specific cell reselection during RRC_IDLE

Although the inter-frequency/RAT Qoffset can be used to mitigate load imbalance, this is not sufficient to cope with coexisting various UE capabilities or operator policies. As such, a UE (or group) specific cell reselection mechanism is thought to be necessary. For example, the network can set a UE specific Qoffset to be applied to cell reselections in LTE_IDLE [6], considering e.g. the UE capability or operator policy (also based on indication from the EPC). The Qoffset can be set upon RRC release and kept by the UE in LTE_IDLE. The UE specific Qoffset can be a viable inter-RAT load balancing solution, given that the measurement quantities of different RATs are comparable, i.e., uses the same scale. Note that the Qoffset must be valid even after the UE reselects another RAT, and as such, the relevant legacy 3GPP specifications will have to be updated accordingly.
With these traffic/camp load balancing solutions in place, it would be up to the operator to deploy dominant/subordinate cell configurations [2] and to use these solutions as appropriate. Figure 1 illustrates the above mechanisms in an example where a UE moves across three LTE and two UTRAN layers that are overlaid.
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Fig.1  Traffic/camp load balancing in LTE.

3. Conclusions
The following load balancing solutions were proposed:
· Redirection upon RRC establishment

· Redirection during RRC_CONNECTED

· Redirection upon RRC release

· Inter-frequency/RAT Qoffset

· UE (group) specific cell reselection during RRC_IDLE
We propose to capture the five bullet points and the corresponding descriptions in Section 2 to be captured in the Stage 2 TS.
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Annex
The proposed fast (synchronous) redirection procedure upon RRC establishment, and a quick reverting procedure in case of failure, are shown below [4].

· Fast redirection procedure upon RRC establishment:
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Fig.1.  Fast redirection procedure.
1 The UE sends non-sync RACH.

2 In the RACH response, Timing Advance, C-RNTI, and UL grant for sending (3) is sent.

3 The UE sends the RRC connection request using the allocated UL resources. The UE capability (e.g., band, BW, ...) and establishment cause is included in the connection request.

4 The eNB sends connection request to the MME/UPE.

5 Considering the UE capability, establishment cause, and the current traffic load, the eNB decides to redirect the UE to another cell that is overlaid.

6 The eNB sends the RRC connection setup indicating the redirected cell information (e.g., the frequency code number, and if necessary, the frame/symbol timings and cell specific code). Also included are the new C-RNTI to be used in the redirected cell, and the UL grant for sending (7). The UL grant shall take into account the maximum number of HARQ retransmissions for (6), if HARQ is to be applied.
7 The UE sends RRC connection setup complete message in the redirected cell, using the UL grant allocated in (6).

8 The subsequent NAS procedures are carried out as required. The initial DL NAS message shall wait until the target cell receives the RRC connection setup complete.

· Reverting procedure upon redirection failure:
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Fig.2.  Fast reverting procedure.
1-6   The same as Fig.1.

7 The UE sends the RRC connection setup complete message in the redirected cell, using the UL grant allocated in (6). However, the message fails after HARQ retransmissions.

8 The UE reverts to the original cell, and sends a scheduling request for sending (10).

9 The UL grant for (10) is given.

10 The UE sends the RRC connection setup complete message in the original cell, with an indication of revert.
Alternatively, the UL grant for (10) can be given in (6), so that (8) and (9) can be skipped. This UL grant should be withdrawn (and the resources be reallocated to another UE), if (7) is correctly received by the eNB, hence wasting no resources. Note that the UL grant must account for the maximum number of HARQ retransmissions for both (6) and (7). The initial DL NAS message shall wait the reception of the RRC connection setup complete in the original cell in this case.
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