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Overview
In the early days of standardization, Public Land Mobile Network (PLMN) operators originally perceived the General Packet Radio Service (GPRS) and its superset Enhanced Data for Global Evolution (EDGE) as means of offering additional user services based on the notion of excess capacity during non-peak usage periods.  User applications were originally envisioned to include Internet browsers, electronic mail, file transfers and other applications for which best efforts data transfer are appropriate.
At the time that GPRS was conceived, the industry did not anticipate the adoption of Internet Protocol Multimedia Subsystem (IMS) applications such as streaming, real-time multimedia and voice-over-Internet Protocol (VoIP) to make use of GPRS/EDGE as an underlying wireless transport vehicle.  
What is needed to enable reasonable handling of Quality of Service (QoS) when VoIP is used over the GSM IMS is a simple “make-before-break” handover-like mechanism, similar to the circuit-switched handover.  The principle challenge here is introduce an improvement that allows such a mechanism, but in such a way as to be reverse-compatible and easy to implement and test.

The mobile station operating in GPRS/EDGE packet transfer mode may either i) reselect to a new cell autonomously or ii) reselect a cell as commanded by the network.  In either case, the mobile must abort its ongoing Temporary Block Flow (TBF) and then restart a TBF on the new cell.  The primary issues for IMS are associated with the following characteristics of the GPRS/EDGE radio system are presented in Appendix A.
Possibility for Maintaining QoS

An interesting possibility to consider is to permit the mobile station to connect to two base stations simultaneously for a short period, when the criteria for a cell change has been reached or predicted.  There are numerous ways that we may consider achieving this objective.  The most straightforward method might be to simply enhance the subscriber device so that it has the essential capability of two radios.  Due to cost and other technical considerations, this might not be the most advantageous approach.

However, one can anticipate ways that it would be possible to establish the link with the second cell by using the extra capacity available to the subscriber device without two radios.  After all, if only a single slot of GPRS is being used, there is considerable additional time and resources for the subscriber device to not only make measurements (as is typical for GSM and GPRS), but also to establish a call.  
It may be possible to define some rules for the judicious allocation of timeslots and even the potential of synchronization between cells might facilitate this ability, similar to what was done on the work for Dual Transfer Mode (DTM) some years ago.  For example, if all cells were synchronized, with all BCCHs on slot 0, and if GPRS assignments were not made to any slot 0s (i.e. slot 0s reserved only for circuit switched voice), then it would always be possible to establish a call with a second cell since there would never be any conflict of the BCCH signalling with the original GPRS assignment.  It might also be possible to ensure that the second GPRS assignment would not overlap with the first.  This would facilitate the existence of two simultaneous traffic flows for as long as it would be necessary (if at all). 
This approach could work for either cells within the same system or between two different systems or paging areas.  Both traffic flows would be routed to a dispatch server that, potentially in conjunction with information it receives via associated signalling that the subscriber sends and receives along with his PTT traffic, would be able to maintain a seamless connection between the original and subsequent traffic flows.  The associated signalling could also give information about when the subscriber plans to make the precise switch from one flow to the other.

We would like your feelings on the commercial applicability, implementation issues and whether your company would find this approach to be a useful addition to the standard.
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Appendix A: About GPRS/EDGE cell reselection

In order to fully understand how the mobile may be allowed to perform certain autonomous decisions regarding i) whether or not it reselects to a new cell and/or ii) whether or not it crosses a Routing Area boundary, it is necessary to review the basic operation of the cell reselection mechanism as specified in [1] for GPRS.

The mobile station, in GPRS Standby and Ready states, may perform cell reselection autonomously.  This process involves monitoring adjacent cells to determine an appropriate choice of new cell based solely on RF parameters.  The cells to be monitored for cell reselection are defined in the Broadcast Channel Allocation (BA) list, which is broadcast on Packet Broadcast Control Channel (PBCCH) or on the Broadcast Control Channel (BCCH) if PBCCH does not exist.

In packet transfer mode, the mobile station continuously monitors carrier of the serving cell and all BCCH carriers as indicated by the BA list (neighbour cells).  In every TDMA frame a received signal strength indication (RSSI) measurement sample is taken on at least one of the BCCH carriers sequentially.

The reselection decision process involves the received signal level average (noted as RLA_P in the specification), and is calculated as a running average of samples collected over a period of 5 seconds which is maintained for each BCCH carrier.  The samples allocated to each carrier are distributed as uniformly as possible over the evaluation period.  At least 5 received signal level measurement samples are required for a valid RLA_P value.  According to [1], the following cell reselection criteria (measured in dBm) are used for GPRS. 

The path loss criterion parameter C1 is used as a minimum signal level criterion for cell reselection for GPRS in the same way as for GSM Idle mode.  C1 represents a link budget computation based on path loss and assumptions about the RSSI of the serving cell.  When C1 goes to zero, the mobile reselects, but only after certain other requirements are met.  The C1 calculation for each cell (serving and neighbour) is based on the corresponding RLA_P value and is defined in [1].

The cell ranking criterion parameter C32 is used to select cells among those with the same priority. For serving cell, C32 is equal to corresponding C1. For each neighbour cell, C32 is equal to corresponding C1 modified with cell broadcast parameters [1].  The signal level threshold criterion parameter C31 for hierarchical cell structures (HCS) is used to determine whether prioritised hierarchical GPRS [1]).

For the greater of i) every new sample or ii) every second, the mobile station updates RLA_P and calculates the value of C1, C31 and C32 for the serving cell and the non‑serving (neighbour) cells. The mobile station may then decide whether to perform a cell reselection if either:

i)
The path loss criterion parameter C1 for the serving cell falls below zero, or

ii)
A non‑serving suitable cell (see 3GPP TS 03.22) is evaluated to be better than the serving cell. The best cell is the cell with the highest value of C32.

When evaluating the best cell, the parameter values for hysteresis are subtracted from the C32 value for the neighbour cells.  The hysteresis parameter values are broadcast on PBCCH of the serving cell.  In the case of a cell reselection occurring within 15 seconds of a previous reselection, then the hysteresis value for RSSI equals to 5 dB.  Then, if no suitable cell is located within 10 seconds, the cell selection algorithm of [1] shall be performed.

So clearly there is one condition for which the mobile terminal MUST reselect a new cell, i.e. the case of path loss criteria C1 going to zero, but there is also the condition of the mobile autonomously reselecting, not because its path loss criterion is unacceptable, but rather because there exists an adjacent cell with a stronger signal for some period of time, i.e. the case of the best cell with the highest C32 value.
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