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Entering DTR via PUAN
1. Introduction
This paper discusses the desired mobile behaviour when it receives a PUAN containing DTR information.
2. Background

The current specifications (44.060 v.10.2.0) state:

"During an uplink TBF, the network may transmit the DTR information within a PACKET UPLINK ACK/NACK message. Upon reception of a PACKET UPLINK ACK/NACK message containing valid DTR information:

-
a mobile station not already in DTR mode shall, if it has neither transmitted nor received any RLC data block during the (max(BS_CV_MAX, 1) - 1) block  periods before the radio block period in which the PACKET UPLINK ACK/NACK message was received, start monitoring only the indicated PDCH or PDCH-pair (and if applicable, carrier) within the reaction time specified in 3GPP TS 45.010 and enter DTR mode."

This does not impose any restriction on the state of either transmit or receive windows.  This text has been virtually unchanged since the original version of the 44.060 CR  [2] and is in line with the original DTR contribution [1]:
"3.3.2 Switching to Reduced Timeslot Configuration (Power Saving Mode)

The mobile station should apply the reduced timeslot configuration upon the reception of the PACKET UPLINK ACK/NACK message containing the information about the timeslot reduction."
In response to earlier requests, [3] provides " a description of the DTR feature and outlines the DTR operation from network and mobile station perspectives", which (in effect) asserts that DTR information in a PUAN is only valid if the MS has V(S) = V(A). Unfortunately this document simply contains the view of the sourcing companies of that document without providing technical arguments or reference to earlier discussion papers, agreements, or other contributions (other than to [4] in which this present issue was raised).
It is therefore considered appropriate to discuss whether the approach as specified in the current version of 44.060 (10.2.0) should apply, the approach as proposed in [3] and [5], or something else.

3. Discussion

This section considers three alternatives:

Option 1: As proposed in [5] i.e. the mobile station enters DTR mode on receipt of the DTR information only if various criteria are met, and otherwise ignores the DTR command.

Note: The requirement that there are no outstanding UL blocks is broadly equivalent to the requirement in 44.060 v.10.2.0 that the MS must have not transmitted any [new] data in the last BS_CV_MAX block periods prior to receiving the PUAN, assuming that the network takes into account earlier uplink data blocks when determining to send DTR information.

Option 2: The network may include DTR information independent of the state of the transmit/receive windows; the mobile station subsequently enters DTR if or when some criteria are met e.g. it has no NACKED entries in its transmit state array.

Other criteria could include:


- no missing DL blocks



- no PENDING_ACK/TENTATIVE_ACK/NACKED UL blocks

Option 3: The network may include DTR information independent of the state of the transmit/receive windows; the mobile station enters DTR immediately, independent of the state of its receive/transmit state arrays (as in 44.060 v.10.2.0).

Network control:

All of the above options provide deterministic mobile behaviour, based on information which the network either has available at the instant when it generates the message or (for blocks recently transmitted by the MS) shortly afterwards or (for downlink blocks recently transmitted) on receipt of a PDAN.
However, there is some variation in the degree of flexibility offered in terms of when the MS may (under network control) enter DTR.  Option 1 has the most stringent requirements, option 3 has no requirements, and option 2 is somewhere in the middle.

Network awareness:

Note: It is not possible for the network to poll for a PDAN by means of the RRBP field sent in a PUAN (see 44.060 sub-clause 10.4.5). The network can, however, poll for a PACKET CONTROL ACKNOWLEDGEMENT message to confirm receipt of the PUAN.
With option 3, the mobile entry to DTR is assured (unless the PUAN is incorrectly received).

With option 2, if DTR entry does not depend on DL block status and is only prohibited if/while there are NACKED blocks, then whether the mobile enter DTR is known by the network when it sends the PUAN (since it knows how many NACKED blocks the mobile has). If DTR entry is not immediate, the network can determine when the mobile will enter DTR, since it knows how many uplink resources are required retransmissions of NACKED blocks.
With Option 1, if there is a DL TBF ongoing, the network will not know whether the criteria specified in [5] relating to the downlink TBF have been met, unless or until it polls for a PDAN.    

With Option 1 then the network does not know until BS_CV_MAX blocks after sending the PUAN whether further uplink blocks were sent that 'crossed' the PUAN.

Specification complexity:

All options require some clarity regarding MS behaviour during the "reaction time" for entering DTR.  So far, discussions have clarified that:


- polls received on the DTR timeslot shall be responded to


- polls received on non-DTR timeslots may be ignored


- uplink resources allocated during the reaction time may be used [FFS?]
Option 2 requires some clarity regarding MS behaviour if, and while the specified conditions (e.g. no NACKED blocks) are met. However, it is believed that the following may be sufficient.  The 'pending' DTR is cancelled if

- any condition that would cause DTR to be left is met, or

- a PUAN is received not containing DTR information, or

- further DTR information is received, including in a downlink RLC data block (this may start a new 'pending DTR' period)

Implementation complexity:

All three options for handling DTR information in a PUAN are considered to have lower complexity than the existing approach for handling DTR information in a downlink RLC data block. While, in isolation, option 2 might be considered the most complex, it should be noted that option 2 in fact is almost identical to the approach for RLC data block signalling (i.e. having a 'pending DTR' state which transitions to DTR mode on meeting specified criteria). Option 2, similar to the RLC data block signalling, allows the network to include DTR information in advance of the point at which DTR should be entered – this may significantly simplify network implementation, since the network does not have to evaluate exactly the state of both the mobile's receive and transmit windows to determine when it should send DTR information.
Battery saving effectiveness
This aspect essentially relates to the aggressiveness with which a mobile station can be placed into DTR: all other things being equal, the faster the mobile station enters DTR, the greater the reduction in battery consumption.  This is true regardless of whether the mobile does in fact have to transmit/receive data while it is in DTR and independent of the amount of such transmitted/received data (assuming that it completes this transfer while in DTR).
"Aggressiveness" is broadly dependent on the number of conditions which must be met before entering DTR: the fewer conditions to be met, the faster the mobile will enter DTR. Therefore, battery saving effectiveneess is expected to be highest for option 3, then option 2, then option 1. 

Consider that, for example, under option 1, a mobile which is repeatedly ordered into DTR may, in fact, never enter DTR if, just prior to receiving the DTR information, it had just transmitted a small application-layer acknowledgement; while under options 2 and 3, the mobile would immediately enter DTR.
For comparison purposes, It should be noted that, in the absence of an uplink TBF, the existing mechanism for ordering a mobile station into DTR by means of RLC data block signalling is highly aggressive. If the MS receives all blocks correctly, the MS will enter DTR immediately on receipt of the DTR information.  Even if the MS receives some blocks with errors, the network is required (according to RLC transmission rules) to transmit blocks in order, starting with NACKED blocks, so that the mobile soon meets the V(R) = V(Q) criteria and then immediately enters DTR. Even if further data does arrive, the network cannot cancel the pending DTR, because it is not permitted to transmit blocks out of order.

Performance impact

Generally, battery savings will be inversely proportional to performance; therefore option 3 is likely to lead to the greatest risk of performance degradation, while option 1 (having the tightest requirements for entering DTR) will have the least.
Option 2 here provides a trade-off in a similar manner to the RLC data block signalling mechanism, by allowing any ongoing data transfer to finish, without the network having to signal at the exact instance when entry to DTR would be either permitted (according to option 1) or would avoid significant performace impact (according to option 3).
4. Conclusion
This paper has highlighted that the use of a PUAN to convey DTR information justifies some further investigation and thought and has presented three alternatives.
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