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1
Introduction

During the RAN#57 meeting, a new Rel-12 HSPA HetNet Study Item was agreed, which in particular aims at “investigating mobility issues”. Since RAN2 is responsible for studying mobility issues and potential enhancements, in this paper we express our view on a few improvements for the URA_PCH state.

During the RAN2#81 meeting, we presented a way to keep a UE in CELL_FACH while avoiding sending CELL UPDATE message when UE stays in a given group of cells [1]. This would allow UE to have fast UL access and would receive DL data with little delay. However, since the network does not know in which cell the UE is, it might lead to extra resources used to reach UE in all the cells. As a result, in this paper we focus on an approach that builds on top of the URA_PCH functionality trying to explore further tradeoffs between data transmission efficiency and reduction in the number of CELL UPDATE messages.  

2
Overview of CELL_PCH and URA_PCH states

While considering the dense small cell deployment scenario, the network side RRM faces the following challenge with regards to deciding in which state a UE should be put. In the absence of data activity, but in the case of a need to maintain a data connection, the network has two major choices: URA_PCH or CELL_PCH state. For the sake of technical completeness, it is worth noting that the network can also keep a terminal in the CELL_DCH or CELL_FACH state, but this can be less power efficient. Speaking of URA_PCH and  CELL_PCH state, the network has a tradeoff which one to choose. On the one hand, CELL_PCH provides means for fast reconfiguration to CELL_DCH state (when a UE and the network support HS channels for CELL_PCH), and even a seamless transition to CELL_FACH if a UE has UL data (when a UE and the network support enhanced DL/UL for CELL_FACH). However, while staying in the CELL_PCH state, a UE sends the CELL UPDATE message every time it re-selects from one cell to another. In the dense small cell environment it can create a noticeable load on the RNC. The URA_PCH state does not have problems with a storm of CELL UPDATE messages because the latter is not sent as long as a UE stays within a particular URA area. The drawback of URA_PCH is that the network must always page the whole URA area to reach a UE. Furthermore, since a UE does not keep the xx-RNTI variables in URA_PCH,  the seamless transition from URA_PCH to CELL_FACH is not feasible either even when the network supports enhanced DL/UL for CELL_FACH. As a result, a UE must always first send the CELL UPDATE message. 

In the macro cell deployments, a choice between the URA_PCH and CELL_PCH  state might be less critical because the number of CELL UPDATE messages sent during cell re-selection is less due to large cell sizes. Thus, a network can balance flexibly between a need to ensure faster transition to CELL_FACH (whereupon a UE would be sent to CELL_PCH) and a need to receive as least CELL UPDATE messages as possible (by sending a UE to URA_PCH). Even though the same principle can be applied to the HetNet deployments, which will be the case for legacy UEs, smaller cell sizes pose higher challenges with regards to the number of transmitted CELL UPDATE messages during the cell reselection process. Thus, to ensure a good tradeoff between the number of received CELL UPDATE messages and faster state transition time, some enhancements for the URA_PCH state can be considered.

3
Enhanced URA_PCH state

The existing URA_PCH state can be enhanced by combining it with the functionality we already have for the  CELL_PCH state. In particular, while sending a UE to the URA_PCH state, the network can ask a UE to keep the xx-RNTI variables (or provide new ones as it happens now while moving a UE between CELL_DCH, CELL_FACH, and enhanced CELL_PCH states). As long as a UE stays in exactly the same cell, in which it was sent to URA_PCH, it can always move autonomously to CELL_FACH, by performing the procedure already specified for the  CELL_PCH state. In particular, if a UE has a PS connection and some application data arrives to a UE, then it can move to CELL_FACH and send the MEASUREMENT REPORT message. If a UE has a PS connection and needs to indicate the outgoing CS call, then it can move to CELL_FACH and send the INITIAL DIRECT TRANSFER message. Whenever a UE needs to send data after it has re-selected to another cell, a UE should clear its xx-RNTI variables and go through the CELL UPDATE procedure. With such an approach the network can always send a UE to the URA_PCH state and either benefit from a fast transition to CELL_FACH and CELL_DCH (if a UE stays in the same cell) or from the fact that a UE does not send CELL UPDATE messages (if a UE starts to roam from one cell to another).
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Figure 1: UL data arrival to the UE buffer upon reselecting to a different cell (left hand side) and  staying in the same cell (right hand side)

Furthermore, it is worth noting that this the URA_PCH enhancement explained above also helps when there is a DL data coming to the RNC. In Fig. 2 below, on the left hand side, one can see a set of actions for the legacy URA_PCH case. Whenever some DL data arrives, RNC has to page cells to wake up a UE, after which the latter initiates the CELL UPDATE procedure. If a UE is sent to the URA_PCH state and is asked to keep xx-RNTI values (as depicted on the right hand side), then it can perform a seamless transition to CELL_FACH upon a reception of a paging indication from the network, assuming that a UE stays in the same cell. Otherwise, if it moves to a different cell, the CELL UPDATE procedure will be triggered.    
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Figure 2: DL data arrival to the RNC buffer when a UE has reselected to a different cell (left hand side) and upon staying in the same cell (right hand side)

When a UE crosses the URA area, it will send the URA UPDATE message as per current legacy behaviour. In response, the network can send the URA UPDATE CONFIRM with an indication to continue and stay in the URA_PCH state. In addition, the network can also provide new xx-RNTI values. After that, the UE would continue with the behaviour explained above.

From the network side, point of view, the proposed URA_PCH enhancement needs a slightly different handling of UEs xx-RNTI values. The matter is that RNC does not know whether a UE is still in the same cell, where it was moved to URA_PCH, or has already reselected a different cell. Thus, so as not to end up in collided xx-RNTI values across several UEs, RNC must avoid allocating these xx-RNTI values unless it receives an indication from a UE (either through CELL UPDATE or URA UPDATE messages) that it is in a different cell now.

4
Conclusion

In this paper, we have presented and considered a set of enhancements for the URA_PCH state. In particular, we propose that a UE can keep the xx-RNTI values, which would allow a UE to come back to the CELL_FACH state without a need to send the CELL UPDATE message when a UE stays in the same cell. At the same time, when a UE starts to move from one cell to another, the benefit is in absence of CELL UPDATE messages.

Proposal: Consider the proposed enhancements for the URA_PCH state. 
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