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1.  Introduction

An LS (R2-040498) was received from T1 regarding the introduction of extended TFCS in the T1 test specification. The LS was triggered by the discussion of the paper [2] which describes the use of extended TFCS.

In this paper we outline the principles of the extended TFCS and describes how the priority handling of RBs can be arranged. Further we propose a way forward on how to introduce test coverage for this feature in the test specifications.

It should be noted that all mechanisms discussed here are part of the R99 core specifications and the discussion is focused on R99 bearers. Extended TFCS for HS-DSCH is discussed in a separate paper. 

2. Discussion on the TFCS in 34.108 and 25.993

The current TFCS for the reference bearers in 34.108 and 25.993 does not support efficient sharing of the physical channel between transport channels. With the current solution, the TFCS is designed such that data can be transmitted with the maximum data rate on all configured transport channels simultaneously (where the data rate on each transport channel is a fraction of the data rate of the physical channel). Thus, if there is no data transmitted on some of the transport channels, the data rate can not be increased on the other transport channels, even if this is supported by the physical channel. This applies to all FDD bearer combinations listed in 34.108 and 25.993. The following examples illustrate the drawbacks of this approach and motivate the enlargement of the TFCS.

Example 1.  Interactive or background UL: X DL:Y kbps PS RAB  + UL: 3.4 DL 3.4 kbps SRB

Currently the Associated SRB is limited to 3.4 kbps for most reference bearers. While 3.4 kbps is justified for 12.2 kbps voice connection because it enables the use of SF=128, it becomes an unnecessary bottleneck for interactive bearers with lower spreading factors. In situations when there is no data to transmit on the interactive radio bearer it would be beneficial to increase the data rate on the SRB. Since there are no service guarantees for the interactive bearer it is also beneficial to steal some of the capacity from the interactive radio bearer when there are higher priority RRC messages to transmit. This would depend on how the TFCS is configured: If a TFC exists in the TFCS that allows for an increase of the SRB data rate at the expense of the Interactive /background data rate the UE will select this TFC since the SRB (typically) has higher priority.

Example 2. Streaming / unknown / UL:16 DL:64 kbps / PS RAB + Interactive or background / UL:8 DL:8 kbps / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH.

This bearer combination allows simultaneous transmission of both streaming and interactive data. If there is no streaming data to transmit, the interactive bearer is anyway limited to 8 kbps, although 64 kbps would be available at the physical layer. This slows down the RTSP signalling for set-up, release or pausing of the streaming session. Also the SRB is limited to 3.4 kbps even in situations where there is no data transmitted on the other radio bearers. 

3.  Extended TFCS configuration

Already in the R99 core specifications, the TFCS can be configured in a way such that the data rate can be increased on one transport channel when there is no (or low) activity on the other transport channels. The extreme case is that each transport channel can use the entire bandwidth of the physical channel. That would however not always be feasible since a minimum data rate is desirable for some bearers (e.g streaming). A more balanced approach could be to design the TFCS such that a minimum bit rate can be achieved for low priority data also when there is high priority data available. By assigning suitable logical channel priorities, UTRAN can control how the UE chooses the TFC when there is simultaneous activity on several transport channels. 

4.  Priority handling and TFCS extension

With an extended TFCS, the logical channel priorities must be set with care in order not to cause starving of low priority data.  In the following some use cases are outlined and the priority handling is discussed.

Note: in the discussion the SRBs are assumed to have a single priority. In practice the SRBs have different priorities relative to each other but it is assumed that all SRBs always have priorities higher than or lower than a RAB i.e. the RAB never has a priority between the lowest and highest SRB priority. This means that in the following discussion, the SRBs can be considered to have a single priority. 

Note that the following examples are given only for the uplink. This is since the priorities for the downlink are not specified and there is no special UE behaviour connected to an extended TFCS in downlink. In order to maximize the performance the TFCS should however be extended in both uplink and downlink.

1.  PS Interactive/ Background + SRBs

For RAB combinations with I/B + SRBs, the SRBs have higher priorities than the I/B RAB.  This implies that when data is available from an SRB, it will use as much resources as allowed by the TFCS. A practical configuration could be to design the TFCS such that at least one RLC PDU from the I/B RAB always can be transmitted per TTI, and let the SRBs use the remaining space in the TTI.

Note that this means that the data rate on the I/B bearer goes down when signalling is transmitted. This change will greatly improve the performance on the SRBs and reduce the time to perform e.g. RRC procedures. The TFCS can be extended as in the example below. The example is an extension of the TFCS for the "Interactive or background / UL:64 DL: 64 kbps / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH" radio bearer combination. The added TFCs compared to the R99 reference RAB are marked with bold.

	TFCS size
	17


	TFCS
	(64 kbps RAB, DCCH)=

(TF0, TF0), (TF1, TF0), (TF2, TF0), (TF3, TF0), (TF4, TF0),

(TF0, TF1), (TF1, TF1), (TF2, TF1), (TF3, TF1), (TF4, TF1), (TF0, TF2), (TF1, TF2), (TF2, TF2), (TF3, TF2), (TF0, TF4), (TF1, TF4), (TF2, TF4) 

	NOTE: In this table the index of the transport format corresponds to the number of PDUs in the TTI, i.e. TF1 means 1 PDU etc.


In the example the SRB rate is quadrupled from 3.6 kbps to 14.4 kbps without changing the physical channel rate. When signalling is transmitted the I/B RB rate goes down from 64 kbps to 32 kbps. Due to the burstiness and relatively infrequent transmissions on SRBs this should not have any major impact on the user experience.

2.  PS interactive/background + PS interactive/background + SRBs

Since the two I/B bearers are multiplexed on the same TrCH the impact is the same as in bullet 1.

3.  PS streaming/unknown + PS Interactive/background + SRBs

With streaming, I/B and SRBs, the SRBs have the highest priority, streaming the second highest and the I/B have the lowest priority. When data is present on an SRB, it is allowed to steal capacity from the I/B bearer, i.e. the data rate on the I/B bearer goes down. However, since the streaming bearer is expected to have a fixed rate the SRB is not allowed to steal capacity from the streaming bearer. This can be achieved with an appropriate design of the TFCS as in the example below. The example is an extension of the TFCS for the "Streaming / unknown / UL:16 DL:64 kbps / PS RAB + Interactive or background / UL:8 DL:8 kbps / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH" radio bearer combination. The added TFCs compared to the R99 reference RAB are marked with bold.

Uplink TFCS

	TFCS size
	15

	TFCS
	(Streaming RAB, Interactive RAB, DCCH)=

(TF0,TF0,TF0), (TF1,TF0,TF0), (TF0,TF1,TF0), (TF0,TF2,TF0), (TF1,TF1,TF0),

(TF0,TF0,TF1), (TF1,TF0,TF1), (TF1,TF0,TF2), (TF1,TF0,TF4), (TF0,TF1,TF1), (TF0,TF1,TF2), (TF0,TF1,TF4), (TF1,TF1,TF1),

 (TF0,TF0,TF2), (TF0,TF0,TF4)

	NOTE: In this table the index of the transport format corresponds to the number of PDUs in the TTI, i.e. TF1 means 1 PDU etc.


With the example TFCS the SRB rate is quadrupled from 3.4 kbps to 14.4 kbps. In principle the SRB rate could be increased even further, by configuring a TF with more than 4 PDUs per TTI. This would however lead to that the streaming rate would go down when signalling data is transmitted which is not desirable. 

When there is no streaming or signalling data to transmit, the I/B bearer can increase the rate by using the TFC (TF0,TF2,TF0) which contains 2 RLC PDUs of 320 bit which gives a data rate of 16 kbps compared to 8 kbps with the existing RAB combination.
4.  CS speech + PS Interactive/background + SRBs

For combinations with speech + I/B + SRBs the SRBs have the highest priority, speech the second highest priority and I/B the lowest priority.

The TFCS could be designed in such a way that the SRBs can steal some capacity from the I/B bearer but not from the speech bearer. It is however not proposed to extend the TFCS for combinations with speech due to the large number of TFCs needed in the TFCS.

Summary

To summarise, the priorities for radio bearers and signalling radio bearers can be set as for the current reference bearers. The main scenarios where an extended TFCS would be suitable are the groups under bullet 1-3 in this section. Note that this discussion is focused on the existing R99 RAB combinations. Extended TFCS for HS-DSCH is discussed in a separate paper.

5.  Discussion and proposed way forward

Even if the functionality discussed is part of R99 there is currently no test case in T1 verifying the UE TFC selection and priority handling in case of an extended TFCS. The T1 tests concentrate on the reference radio bearers where the TFC selection is in principle only needed in a power limited case, since otherwise data can be transmitted with maximum bitrate on all transport channels simultaneously.

The current T1 tests do not verify the TFC selection in situations where the priority handling really is needed.

It was therefore proposed in [2] to add a MAC test case in 34.123-1 to verify the UE behaviour in this case (i.e. the TFC selection algorithm). The test case was selected to be a realistic extension of the "Streaming / unknown / UL:16 DL:64 kbps / PS RAB + Interactive or background / UL:8 DL:8 kbps / PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH" radio bearer.

In the LS from T1 it was asked if it would be suitable to instead update the reference bearer that the proposed MAC test case was based on and if some further reference bearers should be updated. This would however have an impact on the ongoing work to produce a stable test suite for radio bearer testing. 

We therefore propose that the existing reference bearers are kept as they are. If a new reference bearer should be added or not may be left to T1 to decide. It should however be noted that even if a new reference bearer is added a test case would anyway need to be developed since the current RAB test cases do not verify the TFC selection algorithm in detail.

It has also been proposed in the RAN2 discussion to only add the new bearers in 25.993. That would however be of limited use since the UE behaviour would remain unverified.

6.
Conclusion

We propose to recommend T1 to add a MAC test case to verify the extended TFCS functionality, valid for all releases. We propose not to modify the existing reference bearers. The MAC test case in [2] could be used as a starting point to develop a test case in T1.
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� This would imply that combinations with the 8 kbps I/B bearer can not be extended since only one PDU can be transmitted per TTI for the 8 kbps bearer.


� The 64 kbps UE class supports 32 TFCs in UL. The 32 kbps UE class supports only 16 TFCs in UL which should be considered when defining TFCS for lower rates. 
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