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Dynamic Timeslot Reduction: Entering DTR with outstanding data blocks
1. Introduction &  Problem

Currently, the requirements for entering DTR mode are inconsistent considering the two mechanisms for signalling DTR information, and even within themselves, concering uplink vs. downlink data:

- PACKET UPLINK ACK/NACK: enter DTR immediately, regardless of NACKED uplink blocks or missing downlink blocks

- RLC Data block: enter DTR regardless of NACKED uplink blocks, but only when all downlink blocks are received

In all cases there is a trade-off:


- entering DTR with outstanding blocks may reduce battery consumption but will delay retransmission due to limited bandwidth available in DTR

- waiting to until all UL / DL blocks have been ACK'ed/received may delay entry of DTR
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Figure 1 - entering DTR with missing DL blocks (currently not possible)
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Figure 2 - entering DTR only when all blocks have been ACKED
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Figure 3 - Entering DTR with NACKED uplink blocks
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Figure 4 - Entering DTR only when all uplink blocks have been ACKED
2. Analysis and solution
This paper has two goals: to align the two mechanisms, with respect to UL and DL blocks, and with each other, but primarily, to minimize the delay of entering DTR.

2.1. Entering DTR with outstanding downlink data
As illustrated above, entering DTR with a large amount of data to be retransmitted is likely to lead to a significant degradation in latency, due to the limited bandwidth available while in DTR.

However, with regards DL data, it should be noted that:


i) the PUAN approach can order the MS into DTR when there is outstanding DL data.


ii) DL data can be pre-emptively re-transmitted by the network, without waiting for PDAN


iii) Small amounts of data (e.g. 1 radio block) can be retransmitted (either pre-emptively, or in response to a PDAN) while the MS in DTR, using the DTR timeslot with minimal (if any) degradation in latency (see Figure 1).

iv) Unlike the PUAN approach, the network has no means to override the 'all DL data must be received' requirement when sending DTR Information in an RLC data block (while it does for UL data using the same mechanism)

It is generally considered therefore, that the PUAN approach is more flexible with regards to whether or not downlink data must be received (and, is therefore sufficient). However, if the RLC data blocks solution is to be kept, then it is considered that the existing rules requiring the MS to wait until it has received all downlink data before entering DTR in all cases, are unnecessary and should be aligned as much as possible with the PUAN approach.
It is therefore proposed that the MS is permitted to enter DTR in response to DTR Information in an RLC data block if a) it only has one radio block's worth of missing data (which can be retransmitted on the DTR timeslot either pre-emptively or in response to PDAN), or b) it is explicitly commanded by the network.

2.2. Entering DTR with outstanding uplink data
For the uplink, somewhat different issues arise:


- both the RLC data block signalling and PUAN result in the MS entering DTR whether or not the NW has any missing UL data (and are therefore aligned)


- however, there exists the tradeoff illustrated in Figures 3 and 4 that do not allow for a prompt entry to DTR without risk of delay to the retransmitted data. This is particularly an issue where there is a large amount of UL data outstanding.


- although the MS cannot determine when all uplink data has been received, it may not be required to re-transmit NACKED blocks more than once (i.e. after they have become PENDING_ACK), depending on the pre-emptive retransmission bit in the PUAN.

However, both the MS and the network have a common view of:


- the number of NACKED blocks


- and, therefore, the number of allocated radio blocks required to transmit these NACKed blocks.

It is therefore proposed that the MS which still has NACKED blocks may enter DTR only after these have been completely transmitted (i.e. until all blocks have state PENDING_ACK).
3. Conclusion
This paper has highlighted the discrepancies between the two mechanisms for sending DTR information, in terms of the possibility to enter DTR with outstanding (UL or DL) data blocks and, with respect to UL blocks, in the existing tradeoff between delay in DTR entry and UL retransmission latency.

The two proposals made, intended to align the two features, and also speed up entry to DTR without impacting retransmission delays are:

1. that the MS is permitted to enter DTR in response to DTR Information in an RLC data block if a) it only has one radio block's worth of missing data (which can be retransmitted on the DTR timeslot either pre-emptively or in response to PDAN), or b) it is explicitly commanded by the network

2. that the MS which still has NACKED blocks may enter DTR only after these have been completely transmitted (i.e. until all blocks have state PENDING_ACK).
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