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1.
Introduction
During the RAN WG1 #27 in Oulu, a LS was received from RAN WG2 (see [1]), informing RAN WG1 that RAN WG2 favored the proposal outlined in [2]. This proposal results in limited padding, independently of the amount of data available at RLC level and the RLC PDU size. However, in order to reduce the number of bits required to signal the information, it ties the TB size indication to the number of codes and the modulation used. The LS suggested that RAN WG1 assesses the impact of the restrictions introduced by this proposal on re-transmissions. Even though the RAN WG2 meeting was held just the week before the RAN WG1 meeting and therefore companies did not have much time to analyze the issue, RAN WG1 decided that the proposal in [2] would not result in any significant performance degradation and sent an LS to  RAN2 (see [3]) informing them of the decision.

With this document we would like to reopen the discussion on this issue and review in detail how the restriction in re-transmission format flexibility could impact system performance. It appears that other companies have also decided to review the problem again [4].

2.
Changes in available code resources

It is expected that Rel-5 systems will continue to support R’99 UEs for some time in the future. The number of codes available for use by the HS-DSCH is therefore mostly going to be defined by the distribution of R’99 channel users across the system. As R’99 users hand over from one cell to another, the number of codes available for HS-DSCH is going to vary in time. 

In the case of voice users, mapped onto SF128 or SF256 DPCH the impact on the code resources is not very significant and most likely the number of users entering and leaving the system would be more or less the same, leading to some stability in the number of codes. If however, there are higher data-rate users, e.g. 64kbps video users or even 384kbps data users, their distribution is bound to be much less uniform than it would be for voice, leading to continuous changes in the number of channelization codes.

One possibility is of course to make a hard-split between the codes used by R’99 and HSDPA, thus eliminating the sudden variations in the number of codes. This however would reduce the capacity of the cell, resulting in blocking on the R’99 system when the maximum number of codes is reached and in reduced throughput for HSDPA.

3.
Change in maximum receive Ec/Nt

The maximum receive Ec/Nt for any given user depends on the amount of Node-B power available for HSDPA and on the radio propagation conditions between the Node-B and the user. The Node-B scheduler may decide to allocate less than maximum power to the user, but it can by no means allocate more power, therefore the received Ec/Nt will always be capped by some value. 

In this paragraph we review the factors that may cause variations in maximum receive Ec/Nt.

3.1
Available power for HSDPA

Because scheduling for R’99 channels is performed at the RNC, and therefore suffers from significantly more delay, these channels are expected to be given higher priority on system resources. HSDPA will therefore be allocated whatever power is left after the R99 channels have been served. This implies that R’99 user activity in the system, voice, video call, high rate PS data users or DSCH users, would drain power from the HS-DSCH. Since the transmissions on channels such as high rate dedicated channels or the DSCH are power controlled and bursty, this could lead to continuous and sudden variations in the power available for HSDPA. 

One possibility to alleviate this would be to perform a hard split between power used for R’99 and the HS-DSCH channel. This would however lead to reduced multiplexing gains between the HS-DSCH and existing channels and lower overall cell capacity.

3.2
Channel Conditions

The minimum time between transmissions and re-transmissions is 6 * 2ms = 12ms. Because however, HSDPA is using asynchronous scheduling on the downlink, it is possible that this time could significantly longer. Considering multiple transmissions the overall latency could be more than 50ms, especially for users in “difficult” radio conditions.

Fading

Fading causes fast variations in the channel response hence making it difficult to assume that the same power can be received by the UE for each re-transmission. When considering slow fading channels, one possibility is to hold-off the re-transmission until the channel improves. However, at walking or pacing speeds the fades duration is long relative to the HSDPA time-scale. Therefore, it is quite possible that the channel conditions would degrade significantly between the first transmission and subsequent re-transmissions. Requiring the scheduler to delay the transmission until conditions return to these of the original transmission would lead to significant delays in user traffic.

Shadowing and Propagation

Shadowing and propagation are the more stable components of the channel response and are typically due to propagation distance and obstruction by walls, cars and other objects. Although they are typically the more stable components of the channel response, in certain environments, such as urban and dense urban, they could also change significantly within the HSDPA re-transmission period (e.g. street corners).

4.
Impact of Energy per symbol

The energy per symbol is directly related to the received Ec/Nt by:
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4.1
De-mapping loss

When using higher order modulation such as 16QAM, it is necessary to perform the de-mapping of each symbol into BPSK symbols before performing the turbo de-coding. This process introduces additional noise in the coded symbols and therefore results in performance degradation. This degradation is a function of the energy received per symbol. Therefore, it is important to have the possibility to maintain a constant energy per symbol during re-transmissions.

4.2
Incremental Redundancy combining loss

The de-mapping loss only applies to 16QAM modulation, since QPSK de-mapping to BPSK is straightforward. However, the possibility of maintaining a stable energy per symbol also applies in the case of QPSK. Indeed, when performing incremental redundancy, the symbols from multiple transmissions are jointly decoded as a single frame. Turbo codes, like most error correcting codes perform best when the SNR is constant across all symbols. Large variations in the SNR per symbol would lead to degradation in performance. Therefore, even in the case of QPSK, there is an argument for having the possibility to keep the energy per symbol constant.

4.3
Traffic to pilot ratio estimation

Both of the effects described above are further amplified by the degradation in traffic to pilot ratio estimation when the energy per symbol becomes lower. 

In the case of 16QAM de-mapping there is a direct impact due to the need for a reference for the constellation points. However, traffic to pilot ratio estimation is also critical for estimating the quality of the transmission and therefore being able to effectively perform maximum ratio combining of multiple transmissions.

5.
Current proposal

The current proposal, described in [2] does not allow much flexibility in adjusting the desired energy per symbol during re-transmissions because of the fact that the TB size signaling is tied to the modulation and coding rate.

For example, if the maximum Ec/Nt for a given user were to drop by 3dB, which we expect to be far from uncommon, it would be necessary to transmit with twice the original coding rate in order to maintain the original energy per symbol. As can be seen from the analysis in the attached Excel spreadsheet ([5]), only 47% of the block sizes are available with transmission formats which double the coding rate. The remaining 53% tend to lead to the lowest coding rates (which typically contributes the most to system throughput); for these block sizes the scheduler will probably have limited possibility to maintain the energy per symbol in case of re-transmission  which will result in reduced performance. The relative percentage of block sizes affected would increase worse when a the Ec/Nt variation between re-transmissions increases.

6.
Proposal

As explained above, there is a performance degradation associated with not being able to freely select the energy per symbol for re-transmissions which is not only relevant for 16QAM but also for QPSK. The proposal in [4] addresses the impact on 16QAM transmission but at the expense of a reduced number of redundancy versions.

Document [6], shows that the impact of adding two bits to the second part of the control channel only has a minimal impact on power requirements. Therefore, we suggest that these two bits be added to the control channel and that the signaling of the TB size be made independent of the modulation and number of codes.
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