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DLMC – On the use of CS-3 for PDAN 
1 Introduction

At GERAN#55, a new Work Item [1] was agreed to evolve the Downlink Dual Carrier feature, part of the GERAN Evolution feature package, into a Downlink Multicarrier feature to enable support for more than two carriers on the DL. 

Since GERAN#55 several aspects has been agreed to enable support for DLMC to secure that this feature will be able to deliver the throughput figures promised by the use of multiple downlink carriers and multi-slot allocations. 
The only open issue before completion of the feature is on the coding schemes to be used for uplink control signaling (Packet Downlink Ack/Nack - PDAN). 

This paper provides simulations results and reasoning, justifying for the need for using CS-3 when sending PDAN in DLMC mode.
2 Background

The bitmap for the reporting status of received / not received blocks at the terminal side in the Packet Downlink Ack/Nack message (PDAN) is 133 bits assuming no channel quality is included in the control message, see [2]. 
The bitmap size in the PDAN message could become a bottleneck when increasing the DL data rates with DLMC. 
It has been showed during the last GERAN meetings that there is a need to make use of both CS-1 and CS-3 coded PDAN messages in order for the MS to keep the status reporting  at a sufficient rate, for the increased downlink throughput introduced by DLMC.
3 Limitations of PDAN control signaling with CS-1 for DLMC
Using a larger number of timeslots/carriers on the DL will put more strain on the RLC protocol to serve the increased number of RLC blocks transmitted and reported. 
An increase of the RLC SNS by a factor 4 was agreed at GERAN#60, see [7], solving the bottleneck of RLC blocks that can be transmitted during a given time interval, but the number of RLC blocks reported has still not been agreed to be extended.
An alternative to increasing the coding scheme used for PDANs would be to improve compression of the available bitmap. 
It is however shown in the Annex that although improved compression could be considered as an additional measure, it does not eliminate the need for CS-3.
4 Results
Simulation assumptions

The scenario used for the following evaluation is a single user, running FTP in downlink, with radio conditions giving a BLER of around 10 %. For more details on simulation assumptions, see [5].
The results are presented using FTP throughput rate relative to the maximum theoretical throughput achievable in the configuration (achieved with perfect radio conditions and no control signaling overhead). Throughput is diminished from the maximum value depending on the BLER level simulated and the PUANs transmitted on the DL, and/or if stalling occurs.
A rough estimate of the achievable realistic throughput is represented in each figure below with a horizontal black dashed line.
CS-1 vs. CS-3
Figure 1 shows, as a reference, the DLMC performance for EGPRS and EGPRS2-A in a single user scenario when 8 to 64 TSs are assigned to a DL TBF and the legacy RLC WS of 1024 (SNS of 2048), and CS-1 for PDAN, is used. 
In addition, the four times increase in RLC SNS (agreed at GERAN#60) together with different assumptions on MCS for PDAN (CS-1 or CS-3) is also simulated.
It can be seen that with an increased SNS, the factor diminishing the DL throughput is the limitation in bitmap size in the PDAN. Allowing for the use of CS-3, instead of CS-1, significantly improves the performance and allows the maximum/high throughput to be remained until approximately 50 TS (approximately 25-30 TS if using CS-1).
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Figure 1. Extended PDAN and SNS for EGPRS and EGPRS2-A.
Link Adaptation
It is well known that to utilize the spectrum efficiently in mobile networks there is a need to adaptively change the modulation and coding scheme on the radio links depending on channel quality. In GERAN, link adaptation is only applied on the channels carrying payload but it can equally apply on control channels, and this is for example used in e.g. LTE, see [8].

In contrast to the adaptation of coding schemes for payload, the adaptation of the control channel for DLMC would only be triggered by a close to stalling condition. I.e. there is no need to use CS-3 unless required by the DL data rate.

The MCS used for PDAN would be assigned by the network using PACCH signaling infrequently triggered primarily by a high rate of RLC blocks on the DL, and a sufficiently robust uplink channel. Commanding the MCS used for control message can be done in the same PACCH message commanding the UL MCS to be used for RLC data block transmission.
Figure 2 illustrates one possible operation of different payload MCSs on the UL and the switching points of when to use which MCSs for payload (MCS-1-9) and control blocks (CS-1-3) respectively. As the primary reason for switching between CS-1 and CS-3 coded PDANs is a high DL RLC rate (made possible by a high SINR) significant headroom in radio quality is expected for the switching point for the PDAN, see Section 4.4 for more information.

[image: image2]
Figure 2. Illustrated link adaptation for EGPRS and control signaling for a MS in DLMC configuration.

Considerations on required UL throughput

Although the main objective of the DLMC feature is to increase the DL throughput, there will still be a requirement on UL data throughput. The UL TSs will carry control signaling from both the RLC protocol (PACCH) and higher protocols (e.g. TCP Acks, carried by PDTCH).

In Figure 3, simulations as in Section 4.2 have been carried, but in addition varying the MCS used for payload in the UL.
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Figure 3. DL Throughput Impact of different MCSs used to carry UL payload.

Some conclusions can be drawn from the figure:

· Using CS-3 coded PDANs improves the DL throughput significantly when sufficient UL radio quality exists (i.e. for UAS-7, UAS-9, UAS-11 the red set of curves are significantly above the blue set)

· It is quite clear that the need for the network to use CS-3 for PDAN to improve the DL throughput and avoid stalling of the RLC protocol is limited to the case where there is sufficient radio quality on the UL (thereby allowing for significantly higher MCSs to be used on the UL). 
· As such there is no need to adapt PDANs to make use of CS-3 unless there is sufficiently good radio quality on the UL.

Some further reasoning on this aspect is provided in Section 4.5.
Non-ideal switching
If the BSS, upon detecting a threat of DL stalling, erroneously concludes that switching to CS-3 coded PDANs is valid course of action, resulting in an UL PACCH block error rate to the point where the stalling threat is not removed then the BSS can either:

· Continue using CS-3 as long as it slows down the rate of approaching stalling

· Switch back to using CS-1

· Lower the DL data rate

· A combination of the above.

Implementations should be allowed to deal with a stalling threat other than by lowering the DL data rate since a large majority of the decisions to use CS-3 are expected eliminate the stalling threat. 
5 Conclusions
The paper has shown that significant throughput gains are achieved if allowing the use of CS-3 coding for PDAN, in addition to using four times increase in RLC sequence number space, for DLMC. 
WA78, already captured in [7] is thus proposed to be agreed:

CS-3 coding of the DLMC PDAN sent for DLMC configurations shall be supported by mobile stations supporting more than 20 timeslots and used when signaled to the MS in the assignment message
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7 Annex
Compression possibilities by entropy calculations
Assuming 64 timeslots, 3 RLC blocks per BTTI (i.e. 20ms) and a poll interval of 2 BTTI, 64*3*2 = 384 RLC blocks are sent in each poll period. This means that on average 384*(1-BLER) new RLC blocks are sent for each status report sent in the reverse direction and therefore, the RLC window needs to advance 384*(1-BLER) for each status report sent. The available space in the status report is 133 bits, see [2], assuming no LQC report information is included. The required compression ratio, R= #bits in status report/#bits in, is R=133/(384(1-BLER)). No compression is used if R>1.

In the figure below it is assumed that the block errors are independent. This is pessimistic but can still be considered as realistic assuming frequency hopping. The bits to compress can then be modeled as coming from a binary memory less source, which has the entropy -BLER*log2(BLER)-(1-BLER)*log2(1-BLER). The entropy is a theoretical lower bound on the compression ratio.
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Figure 5. Entropy.
If the BLER is between 8% and 64% the brown curve is above the blue (CS-1, polling every 2nd radio block period), and therefore it is impossible to compress the bitmap as much as needed and stalling is unavoidable given the legacy functionality.
Polling every TTI can theoretically avoid the stalling condition (red curve) but with more realistic assumptions on multiple retransmissions at a given block error rate, round trip times in the network etc, it is not likely it can be avoided.
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