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Network Controlled Dynamic Timeslot Reduction 
1. Introduction
At GERAN#41, a proposal was made detailing a method to reduce the number of timeslots that the mobile station needs to monitor when it has an ongoing TBF [1].     This approach specifies explicit signaling to indicate to the mobile station that it needs to monitor only a subset of timeslots corresponding to its existing assignment. Similarly, signaling is used to indicate that any uplink allocation will be signaled (by means of the assigned USF(s)) on a reduced set of timeslots. It is proposed that the signaling for reduction of timeslots for USF signaling and the signaling for reduction of timeslots for downlink data are independent.

The problem in general is how to reduce the number of monitored timeslots in case no data is to be sent (either by the network or by the mobile), while allowing fast resumption of data transmission. This paper briefly looks at some scenarios where this may be particularly beneficial and makes some observations on the suitability of the scheme proposed in [1].
2. Likely use cases
Real-life applications where this may be a serious problem are those where there could be a pause in data transmission of several seconds or more, followed by subsequent transmission.   Three typical and frequently used applications are summarized in Table 1. 
Table 1 - Frequently Used Application Summary
	Application Name
	Reason for Pause in Data Transmission
	Cause for Resumption of Data Transmission

	Web Browsing
	After the download of a page, the MS may have received all of the information required to render the page, and may be waiting for the request for a new page.
	After the download of a page, the mobile may immediately request further downloads without user input (for example the retrieval of embedded images, etc.), or alternative the user of the mobile may manually request further downloads (e.g. selecting a new link).

	FTP Download
	On completion of the download, the mobile may stop to await user input.
	On completion of a download, the mobile may initiate a subsequent transfer (e.g. if the user has requested multiple files, and the ftp application limits the number of concurrent downloads)

	Data Upload
	on completion of an upload, the mobile may stop to await user input.


	The mobile may have further data to send.




In the above cases, it is not necessarily possible for the BSC to the reason for a pause in data, nor to determine whether a pause is in fact likely.   The BSC also has very little chance of knowing whether or not it is likely that data transmission will be soon resumed.
These use cases illustrate in particular that the problems most generally relate to:
· bidirectional assignments

· scenarios where human interaction is involved (pauses in data transmission usually corresponding to some ‘thinking/processing time’ by the user)

· scenarios where the BSC is generally unable to determine when a pause will start or how long a pause will last for.

· scenarios where such pauses generally result in simultaneous breaks in uplink and downlink data transmission.
3. Discussion of Current and Proposed Solutions
It is accepted that there is potential for improvement in this area, however, the proposal in [1] raises some questions.
These questions can generally be considered in three areas: 1) the issue of network control, 2) the need for independent uplink & downlink control, 3) potential issues with non-persistent mode.
3.1. Network Control

The reduction of the timeslots to be monitored in [1] is controlled by the BSC, however the BSC has almost no awareness of the application in use by the MS, including:

· when or for how long breaks in data transmission will occur; and
· if or when an subsequent data transfer is likely to start.
The BSC is therefore in a poor position to determine when (and by how much) a reduction in timeslots is appropriate.  If the BSC reduces the timeslots to be monitored prematurely, the consequence is that the rapid reconfiguration at the BSC scheduler (to take account of the reduction) and at the mobile (to reduce monitoring) could be very quickly followed by the BSC and mobile needing to revert to the full assignment.  Alternately, if the BSC delays the reduction in the number of timeslots to be monitored, a key intended benefit of the feature (reduced battery consumption) may not be fully realized.

3.2. Independent Control of Uplink and Downlink Timeslot  Monitoring

As discussed above, in the vast majority of applications where a proposal to reduce the timeslot monitoring could be of benefit, the pause in data transmission is due to delay on the part of the user.  For example, in browsing the web there is typically a user delay between receiving a page and selecting a link to a subsequent page.  This suggests that timeslot reduction is appropriate for applications of the ‘request-response’ type.  It is therefore very likely that both uplink and downlink resources will have been assigned to the mobile and hence is it probably unnecessary to specify a solution for scenarios where no uplink TBF exists. 
Considering that pauses (of the duration of interest) in both uplink and downlink transmissions are expected to be simultaneous, it is considered unnecessary to have independent control of uplink and downlink monitoring timeslots – it is sufficient in all of the above cases to trigger both reductions (for uplink and downlink) at the same time. 

Furthermore, consider the following requirement from 3GPP TS 45.002, 6.4.2.2:

If there are m timeslots assigned for reception and n timeslots assigned for transmission:

–
For a multislot class type 1 MS, there shall be Min(m,n,2) reception and transmission timeslots with the same TN;

–
For a multislot class type 2 MS, there shall be Min(m,n) reception and transmission timeslots with the same TN.

In the case of downlink dual carrier configurations, if timeslots with the same timeslot number are assigned on both carriers, in calculating the value of m they shall be counted as one timeslot.

The proposal in [1] provides significant flexibility in allowing the BSC to indicate independently for downlink and uplink TBFs which timeslots should be monitored for downlink data or USFs respectively.  However, since at least one timeslot must be common to both uplink and downlink assignments, and the maximum benefit occurs when the same timeslots are monitored for both USF and downlink data, it seems that this proposal provides unnecessary flexibility at the cost of increased complexity.

3.3. Non-Persistent Mode Issues
As acknowledged in [1], a further issue with the proposal in [1] is that when non-persistent mode (NPM) is used, the mobile may not receive the downlink data block indicating the bitmap reduction and may consider this acceptable according to the rules of NPM operation.
4. Open issues 
Taking into account the above issues and other questions, the following considerations arise:

1.  Is it necessary to provide independent uplink and downlink control, or would it be sufficient that a reduction in the timeslots that need to be monitored in the downlink and for the USF for the uplink occur simultaneously?
2.  Is explicit signaling required? Could the reduction be instead automatically triggered after a time period where no data has been received on the assigned timeslots and/or after a certain number of USFs for the uplink are not used.
3.  How does the algorithm operate in the case of a downlink dual carrier assignment? Does the timeslot reduction operate independently on each carrier or jointly on both?
4.  How does the algorithm operate for RTTI?  Are there significant benefits in the case of RTTI, where a minimum of two timeslots must be monitored in the downlink?

5.  Does EDA continue to apply after the reduction? There could be benefits of allowing EDA to continue (for example, in a lightly loaded cell, it would maximize the available uplink bandwidth should the mobile have further data to send), but also benefits of disabling EDA (for example, to minimize unused uplink timeslots when the mobile has nothing to send).

5. Conclusion
It is important for system response time and for mobile station battery life to have a method to reduce the number of timeslots in an assignment that need to monitored, when there is no active data being sent.   
However, it is clear that several open issues exist, and need to be addressed as part of the standardization of such a feature.

In particular, the amount of implementation complexity/flexibility required must be evaluated carefully.
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