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1.
Introduction

The study phase for Enhanced uplink has been concluded and a number of physical layer features that would enable the support of higher data-rates on the uplink have been identified. For simplicity, a new transport channel name, the E‑DCH, has been introduced to identify the data “pipe” benefiting from these enhancements. 
The main concern at the beginning of the work item phase should be to find the best way to integrate the new channels into the existing architecture and modeling framework.
In [1] it is argued that we need to separate the EUL and R’99 physical channels onto separate CCTrCHs. In this document we will assume that this is indeed the case. In order to simplify the notation we will call the EUL physical data channel the E-DPDCH, as opposed to the DPDCH.

The objective of this document is to discuss different open points relating to the E-DCH properties.

2.
Background
In terms of 3GPP modeling, transport channels represent the interface between L1 and L2. Different transport channels can be used to provide different QoS characteristics, e.g. residual BLER or delay, to the higher layers.

Furthermore, the data unit exchanged at this interface is called a transport block. A CRC is appended by L1 to each transport block submitted by L2.

Release ’99
Each transport channel is configured with a certain set of parameters defining its QoS characteristics:

· TTI duration

· Channel coding type and Rate-matching attributes

· Size of the CRC

Multiple transport channels with potentially different TTI lengths can be multiplexed together during the same physical layer frame, and the rate-matching attributes needs to be selected appropriately to reflect the relative reliability of each channel.

The entire CCTrCH can then be configured with the TFCS and the corresponding beta factors, defining how reliable the entire bundle of transport channel data is made.

A single TTI can carry multiple transport blocks from the same transport channel.

On UL each logical channel is mapped to a single transport channel.
HSDPA
HSDPA represented a clear departure from this scheme. Indeed, there is a single HS-DSCH transport channel.

However, the QoS characteristics of this channel can be modified on the fly at every TTI in order to accommodate the requirements of the available data. This can be done by biasing the frame format selection and/or the maximum number of re-transmissions. One could think of it as an infinite number of transport channels among which the UTRAN can choose arbitrarily without notifying the UE. From the L1 point of view, HSDPA essentially provides “soft” QoS support, compared to R’99 channels.
Each TTI carries only one transport block. All the logical channels are of course mapped to the same transport channel, but there are some constraints on multiplexing based on the re-ordering queue each logical channel is assigned to. 

3.
Discussion
3.1
Number of E-DCH TrCHs

As in HSDPA and R’99, the EUL L1 will have a number of different levers and knobs affecting the QoS characteristics offered to L2. Achieving the desired effect in terms of residual block error rate and delay will require careful configuration of all the parameters in a concerted way. In the case of HSDPA, this configuration could be handled by UTRAN without any notification to the UE. Therefore, different QoS characteristics could be achieved without needing to define TrCHs per say.
In EUL however, the UE will need to be provided with the configuration to use in order to achieve the different QoS behaviors required by the higher layers. Note that because of signaling constraints, only a finite set of such behaviors could be supported. Each “pipe” manifesting a different QoS behavior could therefore be referred to as a transport channel. 

Suggested working assumption:

· Need to support multiple E-DCH transport channels
3.2
Multiplexing of E-DCH TrCHs
Now that we have established that we need to support multiple E-DCH TrCHs, the question is whether, as in R’99, we should support the transmission on multiple TrCHs during the same physical layer frame. 

Below we are providing a number of arguments why we think this is not necessary.

Additional out-of-band overhead
Support for physical layer multiplexing requires to signal the fraction of the coded symbols used up by each independently decodable block. In the case of R’99, the TFC used in the transmission was indicated using the TFCI (10 bits). 

As the number of transport channels increases, the number of transport format combinations increases exponentially. Instead, if only data from one transport channel is transmitted at a time, the number of formats only increases linearly. Therefore, there is a clear benefit from the point of view of overhead of going with one transport channel transmission at a time.
Termination of transmissions with HARQ

Compared to R’99, EUL will most likely support the use of HARQ. 
The advantage provided by HARQ lies with the increased diversity combined with early termination thanks to ACK/NACK feedback. However, transmissions from two transport channels with different residual block error rate and/or delay requirements would likely terminate at different times. 

Consider the case of two transport channels with high delay tolerance (maximum of 2 HARQ re-transmissions) but different residual block error rate. TrCH1 would have 1% and TrCH2 0.1% residual error rate. The probabilities of terminating at a given number of transmissions are provided below:
	Nominal PER
	Tx1PER
	Tx2PER
	Tx3PER

	1.00%
	85.15%
	25.07%
	4.97%

	0.10%
	67.94%
	8.31%
	1.82%

	Difference in Pterm
	17.21%
	15.70%
	0.96%


The last row includes the probability that a user would have terminated earlier with TrCH2 than with TrCH1. Assuming that there is a single feedback channel, presumably returning the “OR” of the NACKs, in order to guaranty the QoS requirements, 30% of transmissions would have included un-necessary re-transmissions.

In theory it would be possible to align the average number of re-transmissions and vary instead the maximum number of re-transmissions. This however raises the question of what to do after one of the TrCHs has reached the maximum number of re-transmissions. If we start another transmission, then the ACK/NACK feedback is even less likely to be correlated, leading to a feedback effect that could result in always performing the maximum number of re-transmissions. If we do not, then the resources are wasted anyway.
Another alternative would be to introduce independent ACK./NACK signaling for the two transport channels. However there we could enter into discussions about the forward link signalling load and the scalability of the scheme as the number of transport channels increases. 

Implementation complexity
As was seen in the case of R’99 channels, transport channel multiplexing can result in quite a bit of complexity. Because EUL would support variable rate-matching parameters (at least for higher data-rates), combined potentially with incremental redundancy it is unlikely that existing implementations could be re-used as such. Therefore complexity considerations should be taken into account when making a decision.
Difficulty in selecting RM parameters appropriately
Already in Release ’99, finding appropriate rate-matching parameters for multiplexing together transport channels with different QoS requirements has been a daunting task. Especially when combining transport channels with different TTI durations, the rate-matching parameters may give good results for some user velocities and be off for others.

The introduction of HARQ and variable code-rates would make this calibration process even more complicated. Indeed, for R’99 the coding-rate for each transport channel is the same across data-rates. Therefore it is enough to find a single set of rate-matching parameters. For EUL, the coding rate could vary with the data-rate and the “optimal” rate-matching parameters would likely vary with it.

History has shown that systems hardly ever take advantage of flexibility that requires a lot of tuning to provide marginal returns.

Alternatives

We can see that the support of some level of multiplexing of services with different QoS requirements will be needed, especially in the case of the 10ms TTI. However, we consider that this multiplexing could easily be done at logical channel level. Document [2] discusses this possibility in more detail.

Suggested working assumption: 
· No multiplexing of E-DCH TrCHs in the same TTI

3.3
TTI Duration

Although the opinions still diverge on this topic, the EUL TR includes both the 2ms and 10ms TTIs as alternatives. 

The proponents of the 2ms-TTI claim that it would give both shorter service delays and better physical layer performance. However, they concede that it results in somewhat higher overheads and some proponent suggest that support of 10 ms TTI is not precluded, in addition to 2 ms TTI. However the choice of TTI durations boils down to a matter of resource management strategy.. Therefore, there does not seem to be much point in supporting both at the same time for a given UE.
It should be noted that introducing simultaneous support of two E-DCH TTI values in the UE would be quite complicated and would have serious implications on other aspects of the specifications, such as the HARQ protocol.

Therefore, we would propose to agree that for a given UE, all E-DCH transport channels would always be configured with the same TTI duration. Any change in the TTI length would need to be performed through Layer 3 re-configuration.

Suggested working assumption:

· Only one TTI length will be applicable for a UE at any one time
3.4
Number of TBs per TTI

The only advantage of supporting the transmission of multiple transport blocks in a single TTI is to be able to include multiple CRCs within a single interleaver block. In case the errors are not uniformly distributed across the interleaver block this allows to recover part of the information, thus making up for the additional overhead.
This technique can provide some benefit in the case of weak codes, such as convolutional codes, used for voice and DCCH data. For turbo-codes however, the benefit is null as the errors across blocks are highly correlated. Since only turbo-codes are expected to be used within the framework of EUL, we propose to align the design with the decision made for HSDPA and to only send one transport block per TTI.

Suggested working assumption:

· Only one TB transmitted per TTI

3.5
Mapping to HARQ Processes

Introducing a strict association between transport channels and HARQ processes could reduce the overhead that needs to be transmitted out-of-band. However it would introduce very significant constraints on the data-rate based on the type of data available. Therefore, we would propose to allow arbitrary mappings between transport channels and HARQ processes.
Suggested working assumption:

· No direct association between E-DCH transport channels and HARQ processes
4.
Conclusion
Below, we recap the list of proposed working assumptions for the joint RAN1/RAN2 meeting:
· Need to support multiple E-DCH transport channels
· No multiplexing of E-DCH TrCHs in the same TTI

· Only one TTI length will be applicable for a UE at any one time

· Only one TB transmitted per TTI

· No direct association between E-DCH transport channels and HARQ processes

· Define an E-DCH TrCH based on its TFS, the associated beta factors and the maximum number of HARQ re-transmissions
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