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Dynamic Timeslot Reduction - Response to Questions in GP-090777
1. Introduction

Several questions concerning the proposal of dynamic timeslot reduction (DTR) [1] has been raised in [2]. The aim of this document is to answer those questions and provide clarification on open issues. 
2. Open Issuses
2.1 Likely Use Cases and Network Control
The document [2] discusses likely use cases and focuses on frequent applications like Web browsing, FTP download, and Data Upload. The fact that BSC has a little knowledge when a pause in the data transfer may occur or how soon the data transfer will be resumed is also highlighted in [2].
Dynamic Timeslot Reduction is proposed to be purely RLC mechanism. Therefore, it can be used with any application without any restrictions. The network orders the mobile station to operate in the reduced timeslot configuration, DTR mode, based on the status of RLC buffers. The network should order the mobile station to enter DTR mode when the data supply is exhausted on bought sides. The BSC knows the status of its buffer. The information about the mobile station’s buffer is provided in CV value of the RLC/MAC block for data transfer. Because the data transfer may be resumed at any time, the resumption to the normal mode, i.e. operation on all assigned timeslot, and also switching to the DTR mode shall occur as fast as possible as proposed by DTR [1][3].
2.2 Independent Control of Uplink and Downlink Timeslot Monitoring

Almost any application requires a bidirectional data transfer. This means that the mobile station is assigned the uplink and downlink TBF most of the time. DTR proposal provides independent solution for the uplink and downlink TBF. The reason for the independent solution in each direction is that the network must be able to order the mobile station to enter DTR mode regardless whether the last data transmission occur in the uplink or the downlink.
In the uplink, if the network receives the RLC/MAC block for data transfer with the countdown value ‘0’ and it does not have any new data for transmission or the downlink TBF has been released then there are no RLC data to be send in both directions and the network order the mobile station to switch to the DTR mode by sending PACKET UPLINK ACK/NACK message including the DTR information.
In the downlink, if the network transmits the last RLC data block in the RLC window and it has earlier received the RLC/MAC block for data transfer with the countdown value ‘0’ or the uplink TBF has been already released then there are no RLC data to be send in both directions and the network order the mobile station to switch to the DTR mode by appending the DTR information to the last RLC data block.

The independent signalling for the uplink and downlink does not mean that the concurrent uplink and downlink TBFs are controlled independently. If the network orders the mobile station to enter DTR mode then this is perform by transmission of either RLC data block or PUAN including DTR information. When RLC data block or PUAN with DTR information is received by the mobile station, the mobile station switches to the DTR mode and monitors only the signalled timeslot, see also 2.3.
2.3 Timeslot Assignment in DTR mode and Dual Carrier Configurations
The flexibility to operate on a any subset of assigned timeslot in mode DTR mode, i.e. the signalling of reduced timeslot bitmap, has been discussed in GERAN#41. This question is also addressed in [2].

DTR provides the highest gains with the minimum number of timeslot used in the DTR mode, i.e. one timeslot in BTTI configuration or two timeslots (PDCH-pair) in RTTI configuration [3].  The bitmap signalling is proposed in [1], however, it is understood that the signalling of one timeslot is sufficient. The signaled timeslot/PDCH-pair has to be common for both uplink and downlink assignments. This timeslot/PDCH-pair is used for USF monitoring and data reception in DTR mode. It is proposed that the carrier identifier (CI) is used in order to support the dual carrier configurations.
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Figure 1 - DTR signalling
2.4 RLC Non-Persistent Mode

The document [2] refers to an issue with RLC non-persistent mode and states that this issue has been acknowledged in the document proposing DTR [1]. It should be clarified that there is no issue with RLC non-persistent mode and DTR that has been proposed to be used also in RLC non-persistent mode [1].
RLC non-persistent mode operates in two different variants depending whether the NPM Transfer timer is associated with the RLC entity or not. If the NPM Transfer timer is not associated with the RLC entity then there is no difference in applicability of DTR between the RLC non-persistent mode and the RLC acknowledged mode.

If the NPM transfer time is associated with the RLC entity operating in RLC non-persistent mode then the network implementation has to take into the account that the RLC data block may be discarded by the timer [1]. More specifically, the network ordering the mobile station to enter the DTR mode by sending RLC data block with DTR information will poll for PDAN and it will know whether the RLC data block has been received. If the RLC data block has not been received correctly then the network may retransmit the block if there is enough time before the timer expiry or it may send RLC data block with LLC dummy command and DTR information. It should be noted that the RLC data block with LLC dummy command is also sent in order to avoid timers’ expiry on the mobile station’s side. 
2.5 BTTI and RTTI Configurations

The concept of DTR is general and equally applicable to BTTI and RTTI. Although the highest gains are observed with BTTI configurations and high multislot classes [3], DTR provides benefits also for RTTI configuration. In example, DTR can save up to 50% of battery power in 4+2 or 4+4 (FTA) configurations during inactivity periods.
2.6 EDA and DA
The question asked and discussed in [1] is what happens if the mobile station operating in EDA is ordered to enter the DTR mode. Should the mobile station continue operating in EDA or switch to DA where each approach has its benefits and drawbacks. EDA would provide higher throughput in UL when the mobile station resumes to the normal mode. This can be beneficial in a lightly loaded cell. The load in cell may change during the inactivity period of the mobile station which switched to the DTR mode. In that case and as mentioned in [2], the more beneficial would be to disable EDA. 
In order to keep the implementation complexity of DTR at low level, an unnecessary flexibility should be avoided. Therefore, it is our proposal that the mobile station operating in EDA shall switch to DA whenever it enters the DTR mode. It shall be noted that a reaction time has to be defined when the mobile stations resumes to the normal mode and EDA, in order to avoid collisions in the uplink. The minimum delay is the transmission time of RLC/MAC block for data transfer between the mobile station and the BSC. This delay indicates when the network detects that the mobile station resumed to the normal mode.
3. Conclusions

This document answers the questions and clarifies the open issues address [2]. 

DTR is purely an RLC layer mechanism and may be used with any type of services. DTR allows a significant power saving for the mobile station during inactivity periods with low implementation complexity [1][3]. Therefore, it is recommendation of sourcing companies to proceed with the specification of DTR mechanism in Rel-9.
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