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1. Introduction
In this contribution, we propose a set of Cell Switching schemes when the UE is in the LTE_Active State.

2. Discussion

In LTE, it’s assumed that the user data is transmitted from one cell at a time. Therefore, to maximize the user throughput, it is important to select the best cell to serve the UE.
We refer to the ability to change the serving cell as cell switching. The objective is to find a cell switching scheme that is robust with minimal Signaling overhead and user data delay and interruption.

2.1. Cell Switching Set (CSS)
In order to prepare for cell switching, we assume the RRC in the source eNode B creates and manages a Cell Switching Set (CSS) whenever the UE is in the LTE_Active state. The CSS contains a set of cells for which each cell assigns a unique MAC_ID to the UE (unique within a cell but not across cells). The eNode B manages the CSS continuously by adding or removing a cell by RRC Signalling (e.g., based on the DL strength measurement reported by the UE, the load of a cell, etc). During cell switching, the RRC is being relocated from the source eNode B to the target eNode B (by Context transfer). At the end of the switch, the RRC will be located in the target eNode B.

When in the LTE_Active state, the UE keeps monitoring the pilot strength of these cells in the CSS to determine which cell has the best DL to receive the user data from. Further, the UE could also take into account the UL radio condition of a cell when choosing a cell to switch to (e.g., by monitoring the power control commands from the non-serving cells).

The cells in the CSS can further be broken down into subsets for which each cell in the subset is synchronous to each other but each subset is asynchronous to each other. By synchronous, we mean if the UE is to switch between the two cells that are synchronized, the UE does not need to acquire uplink timing adjustment of the target cell. In the extreme case, all the cells in the CSS are asynchronous to each other. We define the source cell as the cell for which the UE is currently receiving the user data from, the non-serving cells as the rest of the cells in the CSS, and the target cell as the cell for which the UE is trying to switch to.

The CSS would expedite the switching since the MAC_ID is pre-assigned even before the switch. Also, by keeping track of the synchronous cells, the UE will perform the UL synchronization only if needed.

For simplicity, we assume the same serving cell assigns the UL to the UE.

3. Proposal

3.1. Synchronous Case

This applies when the source cell and the target cell are synchronous (e.g., Intra-eNode B cells).
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Figure 1: Synchronous Cell Switching

The proposed scheme consists of the following steps as shown in Figure 1 (red messages are Layer 2 control messages or L1 Signal and black messages are Layer 3 Signaling messages):

1) The eNode B sends a Measurement Report with target id (e.g., cell index within the switching set) to the source eNode B
2) If the source and target cells do not belong to the same eNode B, the source cell sends a HO Request to the target cell and the target cell sends a HO Response to the source cell

3) The source eNode B sends a HO Command with target id, UL grant, and CQI Channel assignment to the UE

4) The UE starts to listen to the target cell’s DL control channel and send the CQI of the target cell

5) The UE sends the HO Complete to the target eNode B

3.2. Asynchronous Case

This applies when the source cell and the target cell are asynchronous (e.g., Inter-eNode B cells).
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Figure 2: Asynchronous Cell Switching

The proposed scheme consists of the following steps as shown in Figure 2:

1) The UE sends a Measurement Report to the source eNode B

2) The source eNode B decides the UE should switch and sends a HO Request to the target Node B
2) The target Node B sends a HO Response to the source Node B

3) The source Node B sends a HO Command to the UE

4) The UE sends an Access Signature to the target Node B
5) The target Node B sends the UL Assignment Grant with UL timing adjustment and CQI channel assignment  to the UE

6) The UE sends a HO Complete to the target eNode B
3.2.1.  Out-of-Sync Access
There would be cases when the UE lose the serving cell completely or get out of sync with the system completely. In those cases, the UE needs to be able to setup the traffic channel quickly. We propose the following procedures to handle such cases.
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Figure 3: UE Initiated Asynchronous Cell Switching (Option 1)

The proposed scheme consists of the following steps as shown in Figure 3:

1) The UE sends an Access Signature to the target Node B
2) The target eNode B sends the UL Access Grant with UL timing adjustment and CQICH assignment to the UE on the frequency that the UE is currently monitoring.

3) The UE sends a Cell Update with the MAC_ID_target to the target eNode B (so the target eNode B could identify which UE it is). Alternatively as proposed in [1], the UE does not send the Cell Update but includes the MAC_ID_Target in the UL data
4) The target eNode B sends a Context Request to the source eNode B

5) Source eNode B sends a Context Response to the target eNode B with the Context

6) The target Node B sends the CQI channel assignment to the UE (ACKCH assignment could be implicit) and starts to schedule UE

7) The target Node B sends a Cell Update Confirm to the UE

8) The UE sends a HO Complete to the target eNode B
3.3. User Data Bi-Casting

Data bi-casting here refers to making the same copy of DL user data (e.g., ciphered IP packets) available to all the cells belonging to the same CSS at all times (i.e., not just during the brief period during switching). The user data is only transmitted over-the-air from one cell at a time and the data is not bi-cast over-the-air.

When used in conjunction with cell switching, Data bi-casting can further reduce the delay of routing user data to the target cell during switching by having the data there ready for transmission ahead of time before the switch, especially in the asynchronous case where the delay between the source and target could be relatively high. Since cell switching can occur anytime and cannot be predicted, the user data will have to be ready in all potential target cells at all times to minimize delay.

To alleviate the buffer requirements in the eNode B’s, we recommend applying bi-casting only to delay sensitive and low bandwidth traffic (e.g., VoIP) so that the user data can be discarded in the Node B after some time-out if the data is not sent over-the-air. This will prevent user data from accumulating indefinitely in a Node B.

3.4. Reference

[1] R2-061201 Initial Access Procedure, Qualcomm





















� This information is assumed to be available in the CSS.
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