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1.
Introduction
The 3GPP layer 2 specifications do not provide a formal mechanism for generating padding blocks. It is possible to produce padding blocks at RLC level in UM and AM by abusing some of the mechanisms used for other purposes, but no padding can be produced for TM channels.

The TFCS selection guidelines (see [1]) were originally introduced as a set of recommendations for the UTRAN, which, when followed, would ensure that the mobile would not need to perform padding in order to transmit data.  These were the TFCs with one block on one transport channel and none on all others. At the time, it was specified that the mobile would be allowed to produce RLC padding when these rules were not followed. 

Later, when RAN4 defined an algorithm for blocking TFCs due to channel conditions, the TFCS selection guidelines were re-worded to make this “required” set into a “minimum” set of TFCs, which would not be blocked because of channel conditions. The rationale was that even when these cannot be sent reliably it is still better to transmit one of them (single block on one TrCH) than nothing at all.

Finally, at the RAN2 meeting #27 in Orlando, a new set of requirements was introduced to accommodate what happens when using transport channels with different TTI lengths. Also, during the discussions it was agreed that allowing the mobile to perform padding was not enough of a solution and it was agreed to leave the TFC selection algorithm open to implementation when the TFCS guidelines were not followed. Given the additional leeway granted to the mobile, the guidelines were themselves expanded to cover some particular cases, which were not yet properly handled (e.g. AMR, zero rate TrCHs).

The final outcome is a set of complete guidelines. When these are followed by the UTRAN, the mobile has to apply the TFC selection specified in [2], and when they are not it is allowed to perform TFC selection based on some other unspecified algorithm (including potentially producing RLC level padding blocks). The only problem with this is that the mobile is not able to verify whether some of the guidelines were actually followed (e.g. the inclusion of all the needed TFCs for TM logical channels).

The intention of this document is to revisit the impact of the absence of certain TFCs and to re-write the guidelines in a way that takes this into account. The objective is to introduce the smallest possible number of checks at the UE, and to eliminate the need for the UE to implement two different TFC selection algorithms or produce RLC level padding. 

2.
Categorization of the TFCS selection guidelines

The TFCS selection guidelines currently incorporate the following:

1- Definition of the “minimum TFC set” used in the TFC selection algorithm defined in [2]. This is the set of TFCs, which is needed in order to ensure that the mobile does not need to generate padding in order to transmit available data. The TFCs is this set cannot be blocked for TFC selection due to channel conditions. 

2- Rules that the configured TFCS should follow to ensure that the mobile does not need to produce padding. Additional recommendations (in the form of rules rather than actual TFCs) for the TFCS that are meant to ensure that the mobile does not need to generate padding in order for the algorithm defined in [2] to always produce a valid TFC.

We will categorize the issues that the TFCS selection guidelines were attempting to address into three levels of impact to the mobile, in increasing (we believe) order of severity: 

1- Impacts UE performance and can be resolved by sending a good configuration.  This occurs when the configured TFCS is such that if the UE applies the algorithm in 25.321, there are circumstances in which data is available for transmission but only the empty TFC can be selected (data might wait forever to be transmitted). 

2- Impacts UE performance but cannot be resolved by sending a good configuration. This occurs when all the TFCs other than the empty TFC are blocked due to channel conditions. 

3- Leads the UE to some unspecified state and can be resolved by sending a good configuration. This occurs when the configured TFCS is such that if the UE applies the algorithm in 25.321, there are circumstances in which it cannot select any TFC at all (not even the empty TFC).

3.
Proposed TFCS selection guidelines

As can be seen from this impact analysis, different deviations from the recommendations in the TFCS selection guidelines could have widely differing effects from the mobile standpoint. It is therefore recommended to take the level of impact into account when deciding how to handle them. We propose to split up the guidelines along the lines of the impact levels defined above:

1- Introduce a “recommended TFC set” which the UTRAN should include in the TFCS if it does not want to see data stuck in the mobile buffers indefinitely. This corresponds to the original minimum TFC set, as it is defined in the current specification. The inclusion of this set would not be verified by the mobile since this would only impact performance.

2- Specify the subset of the TFCS to be included in the “minimum TFC set” which cannot be blocked due to channel conditions (see [2]). Since this also an optimisation (it only affects mobile performance in extreme circumstances), the mobile would not verify what is incorporated in the TFCS, it would only include the subset that meets certain criteria in the “minimum TFC set”. It is proposed to specify that the TFCs that allow to send a single block of data on any SRB or on any number of transport channels carrying TM logical channels (to cover AMR) should be included in the minimum TFC set. This would enable time-critical data (signalling and delay intolerant data) to be sent independently of the channel conditions.

3- Verify that the TFCS meets certain criteria that we will call the TFCS compatibility rules. If these rules are not met by the configured TFCS then the UE could either be made to reject the configuration or in that case, the TFC selection algorithm could be left unspecified. We propose that it’d be left unspecified just as it is currently.

The detailed implementation is included at the end of this discussion document.

4.
Conclusion

It has been identified that the mobile is unable to verify whether the current TFCS selection guidelines were followed. Therefore, it is not possible for the mobile to know whether to apply the regular TFC selection algorithm or not. 

We propose to re-word the guidelines to better reflect their impact and to make it possible to check at the mobile whether they were followed. For that purpose, we propose to adopt the included CRs.
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8.6.5.2
Transport format combination set

If the IE "Transport format combination set" is included, the UE shall for that direction (uplink or downlink):

1>
store the new transport format combination set, or (if this exists) modify a previously stored transport format combination set according to IEs included in IE "Transport format combination set";

1>
start to respect those transport format combinations;

1>
if IE "Transport format combination subset" is received in this message:

2>
perform the actions as specified in subclause 8.6.5.3.

1>
if IE "Transport format combination subset" is not received in this message:

2>
clear the IE "Duration" in the variable TFC_SUBSET;

2>
set both the IE "Current TFC subset" and the IE "Default TFC subset" in the variable TFC_SUBSET to the value indicating "full transport format combination set".

If the IE "Transport format combination set" is not included and if there is no addition, removal or reconfiguration of transport channels, the UE shall for that direction (uplink or downlink):

1>
use a previously stored transport format combination set if this exists.
If the IE "Transport format combination set" is not included; and
1>
if no transport format combination set is stored in the UE; or

1>
if transport channels are added or removed in the message; or

1>
if any transport channel is reconfigured in the message such that the size of the transport format set is changed:

the UE shall:

1>
set the variable INVALID_CONFIGURATION to TRUE.
In the uplink TFCS the UTRAN should include the following set of TFCs:

1>
for each UM logical channel for which traffic is generated:

2>
a TFC with one transport block for this transport channel and empty TFs (see [34]) for all the others.

1>
for each AM logical channel for which traffic is generated:

2>
a TFC with a minimum size compatible TF (see the definition below) for the corresponding transport channel and empty TFs for all other transport channels.

1>
for each set of "synchronous" TM logical channels (see the definition below) for which traffic is generated and for each set of SDU sizes associated with it:

2>
a TFC with minimum size compatible TFs for the corresponding transport channels and SDU sizes, and empty TFs for all other transport channels.

1>
an "empty" TFC (see [34]).

We define the TFCS compatibility rules as:

1>
include an “empty” TFC (see [34]);
1>
for each TTI length with which at least one transport channel is configured:

2>
for each combination of TFs for the transport channels configured with this TTI length included in the TFCS:

3>
include in the TFCS a TFC with these TFs for the transport channels configured with this TTI length and empty TFs on all transport channels configured with shorter TTI lengths .

If the TFCS compatibility rules are not respected by the configuration, the UE shall:

1>
set the variable INVALID_CONFIGURATION to TRUE.
We define the minimum set of TFCs as the set of all TFCs included in the TFCS that include:

1>
a TF with one transport block for a transport channel on which is mapped a signalling radio bearer and empty TFs (see [34]) for all the others, or:

2>
a TF with one transport block for any number of transport channels on which is mapped at least one transparent mode logical channel and empty TFs (see [34]) for all the others.
For TDD, the TFCS of a CCTrCH should include those of the above combinations, which include a TF with one transport block for a transport channel used in that CCTrCH, and the "empty" TFC should be included in the TFCS of every CCTrCH.

For AM-RLC logical channels, the minimum size compatible TF includes one transport block with "Configured RLC Size" equal to the RLC PDU size. For non-segmented mode TM-RLC logical channels, the minimum size compatible TF includes the minimum (non-zero) number of transport blocks of "Configured RLC Size" equal to the RLC SDU size that can be received in a single TTI from the upper layers. For segmented mode TM-RLC, the minimum size compatible TF is any TF such that the number of transport blocks multiplied by the "Configured RLC Size" is equal to the RLC SDU size considered.

Synchronous TM logical channels are logical channels on which higher layer traffic is generated in a perfectly correlated fashion (e.g. AMR RAB). Independent TM logical channels can be regarded as sets of synchronous TM logical channels of size 1.

NOTE:
The "Configured RLC Size" is defined as the transport block size minus the MAC header size.
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11.4
Transport format combination selection in UE

RRC can control the scheduling of uplink data by giving each logical channel a priority between 1 and 8, where 1 is the highest priority and 8 the lowest. TFC selection in the UE shall be done in accordance with the priorities indicated by RRC. Logical channels have absolute priority, i.e. the UE shall maximise the transmission of higher priority data.
If the uplink TFCS configured by UTRAN follows the TFCS compatibility rules described in [7] the UE shall perform the TFC selection according to the rules specified below. If these rules are not followed then the method by which the UE performs TFC selection is not specified.
The UE shall continuously monitor the state for each TFC based on its required transmit power versus the maximum UE transmit power. A given TFC can be in any of the following states:

-
Supported state;

-
Excess-power state;

-
Blocked state.

The following diagram illustrates the state transitions for the state of a given TFC:
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Figure 11.4.1: State transitions for the state of a given TFC

The state transition criteria and the associated requirements are described in [12]. The UE shall consider that the Blocking criterion is never met for TFCs included in the minimum set of TFCs (see [7]).

Every time the set of supported TFCs changes, the available bitrate shall be indicated to upper layers for each logical channel in order to facilitate the adaptation of codec data rates when codecs supporting variable-rate operation are used. The details of the computation of the available bitrate and the interaction with the application layer are not further specified.
Before selecting a TFC, i.e. at every boundary of the shortest TTI, the set of valid TFCs shall be established. All TFCs in the set of valid TFCs shall:

1.
belong to the TFCS.

2.
not be in the Blocked state.

3.
be compatible with the RLC configuration.

4.
not require RLC to produce padding PDUs (see [6] for definition).
5.
not carry more bits than can be transmitted in a TTI (e.g. when compressed mode by higher layer scheduling is used and the presence of compressed frames reduces the number of bits that can be transmitted in a TTI using the Minimum SF configured).
The UE may remove from the set of valid TFCs, TFCs in Excess-power state in order to maintain the quality of service for sensitive applications (e.g. speech). Additionally, if compressed frames are present within the longest configured TTI to which the next transmission belongs, the UE may remove TFCs from the set of valid TFCs in order to account for the higher power requirements.

The chosen TFC shall be selected from within the set of valid TFCs and shall satisfy the following criteria in the order in which they are listed below:

1.
No other TFC shall allow the transmission of more highest priority data than the chosen TFC.

2.
No other TFC shall allow the transmission of more data from the next lower priority logical channels. Apply this criterion recursively for the remaining priority levels.

3.
No other TFC shall have a lower bit rate than the chosen TFC.

The above rules for TFC selection in the UE shall apply to DCH, and the same rules shall apply for TF selection on RACH and CPCH.
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