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Dynamic Timeslot Reduction – Benefits and feature options
1 Introduction

Preliminary evaluations of the benefits of DTR have shown significant potential for power consumption reduction during DTR periods, compared with monitoring multiple downlink timeslots, and it is considered therefore that DTR should be standardized.

This paper aims to bring in one place the various options related to dynamic timeslot reduction, highlighting the tradeoffs and potential benefits.
2 Benefits

Investigations into the power consumption associated with downlink reception of blocks have shown the following potential benefits associated with DTR. These measurements were obtained by measuring the current consumption of a device while receiving downlink data on different numbers of timeslots and carriers.

DTR is expected to be used as shown in the figure below.
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The table below shows the relative total power consumption of a device when decoding downlink data blocks with the indicated assignment (1 timeslot on 1 carrier = 1.00):

	Assignment
	Power consumption

	1 TS x 1 carrier
	1.00

	5 TS x 1 carrier
	1.16

	5 TS x 2 carriers
	1.38


Put another way, this would indicate that the power consumption reduction due to DTR during the DTR period would be 15% (from 5 TS on 1 carrier) or 28% (from 5 TS on 2 carriers).
This data covers the entire DTR period (excluding idle/search frames which are not affected), and assumes no transmissions during the period. In this experiment the downlink data was destined to the test mobile (by definition, in DTR the mobile would not be receiving data destined to it, other than PACCH messages).

3 Baseline functionality

Following some discussions during and after GERAN#43, the following are considered part of the 'baseline' functionality:
· reduction shall occur to (at most) one timeslot / pdch-pair in a TDMA frame on a carrier
· resumption from DTR to full assignment occurs on sending/receiving of more data
· the network may order the mobile into DTR by means of a PUAN
· the flexibility to indicate which timeslot should be monitored is required (at least at assignment, and possibly also when entering DTR).

· the possibility to reduce the monitoring requirement to alternate (or less frequent) radio block periods should be provided.

· the MAC protocol (EDA / DA) used during DTR periods will be the same as applied to the TBF during non-DTR periods

The following open issues remain:

1) whether it is necessary to address the case where no UL TBF is active; if so, possible solutions are 

· the modification of RLC data blocks (Nokia/NSN)

· timer-based solution (RIM)

2) whether a timer-based solution could be appropriate in any case even for DL+UL  scenarios
open issues (text from previous version of the paper with change marks shown)
3.2 Monitoring alternate (or fewer) radio block periods
The battery consumption associated with receiving and decoding data within a TDMA frame does not vary linearly with the number of timeslots being received – there is an element of fixed overhead associated with initiating reception. As a result of this, the reduction in battery consumption could be improved by reducing not only the duration of monitoring within a TDMA frame, but also the frequency (i.e. whether or not monitoring must occur during every TDMA frame). It is therefore considered that it should be possible for the mobile to be required to monitor only 1 radio block period in n (n > 1).
This should be particularly considered for RTTI mode TBFs, which require a minimum of 2 timeslots to be received in each radio block period to decode USFs and/or downlink data.
It should also be taken into consideration that the BSS need not schedule USFs in every radio block period so, since (in most use cases) it will be uplink traffic that will cause the resumption of the full assignment, there will be no latency penalty if the mobile monitors the downlink in only those radio block periods where a USF will be sent.
This could be phased in (either timer-based or by means of explicit signalling) so that in the initial phase of DTR, the mobile monitors all radio block periods, and, in a later phase (where latency is less crucial), monitors only periodically.

The options below are not mutually exclusive.
An open issue is whether, in such a case, all mobiles would monitor the same radio block periods (e.g. to simplify PACCH broadcasting) or whether offsets should be used (e.g. to minimize congestion).
3.4.1
Specified in the standard


It is considered that the option to order the mobile to monitor such subsets of radio block periods cannot be standardised due to the range of QoS requirements applicable. 
However, it may be appropriate to specify, for the case where the mobile is ordered to monitor fewer than all radio block periods, which subset it is required to monitor (in terms of TDMA frame numbers).
3.4.2
Specified in the assignment message

Here, the assignment message could specify the periodicity (in radio block periods) with which the mobile monitors the specified timeslot. Options could be:

- monitor every radio block period


- monitor every other radio block period



- monitor every fourth radio block period

This approach is considered preferable to 3.4.1 in that it allows the network to take account of QoS requirements, network load, etc. to improve the trade-off between latency, congestion and battery consumption.

3.4.3
Specified every time DTR is entered

Again, this has the same cost/complexity vs. flexibility trade-off as for other aspects.
4 Open issues

4.1 DLDC assignments
DLDC allows a BSS significant flexibility in assignment, since it can assign a DLDC assignment even for low-bandwidth applications, to allow it to adapt allocations dynamically without a subsequent assignment message.  However, this may cause unnecessary battery consumption if the BSS uses only 1 carrier for a significant period of time.
A version of DTR could be used in this case, whereby DTR would apply independently on each carrier (e.g. if no traffic is observed on carrier 2 for n ms, then the mobile could reduce 

monitoring of that carrier to a single timeslot/PDCH-pair), without requiring PTR messages to change the assignment.
4.2 Transmission of PACCH messages while in DTR
It needs to be considered whether the transmission of PACCH messages in the downlink causes DTR to be terminated. For example, it may be considered that distribution messages (system information, etc.) should not cause DTR to terminate (noting that explicit signalling proposed for RLC data blocks would not apply to RLC/MAC control blocks).

For example, it could be specified that 


- An assignment message which increases the assignment causes DTR to terminate; 

- DTR continues after receipt of an assignment message which reduces the assignment to a subset of the existing assignment 

- transmission of a Packet Control Acknowledge (or other PACCH message, such as a measurement report) in response to a request by the network does not affect DTR.
5 Summary

This paper has considered a range of aspects of DTR which should be taken into account. As with any new feature, the tradeoff of complexity (of signalling etc.) versus flexibility needs to be carefully considered.

It is believed that the above options cover the full feasible range from simple, inflexible solutions to more complex but flexible solutions and that the correct balance lies (somewhere) within the ranges described in this paper.
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