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1.
Introduction
In this document we discuss a number of open items on the topic of TFC selection and suggest a certain way forward for each of them. Finally, we provide actual TFC selection text capturing these proposals.
2.
Definitions/Assumptions
In this document, we make the following assumptions, some of which are discussed in more detailed in the referenced documents:

· The term autonomous grant refers to the configuration by RRC of the possibility to transmit data without an active scheduling grant. The same concept is captured elsewhere as autonomous transmission [1] and non-scheduled transmission [4].
· Minimum set and autonomous grants are defined according to the descriptions in [1].

· Autonomous grants are defined per logical channel (see [1]).

· Minimum set is defined per UE and is applicable for all MAC-d flows and logical channels (see [1]).

· RAN4 will define the blocking and recovery criteria per TFC and per MAC-d flow (see [2]) 

· RAN4 will define power requirements per TFC and per MAC-d power offset

· The multiplexing list is used according to the scheme described in [3]. 
Note that in this context, the advantage of this scheme is the possibility to quickly determine the amount of data that could be transmitted depending on the “primary” MAC-d flow that is selected, i.e. the highest priority MAC-d flow and by extension the one that defines the power offset.
· E-TFC States: same as before (see [2])

3.
Discussion

3.1
Autonomous Grant Value

As in the case of the scheduled grants, it is necessary to decide whether autonomous grants should be configured based on power or based on rate. Autonomous grants are meant to satisfy the requirements of low delay tolerance, and low and relatively predictable rate applications.  As such, these characteristics imply that autonomous grants will cause a relatively small amount of interference, and that they will need to enable the application-specific minimum-rate requirement instantly. Contrary to scheduled grants, for autonomous grants it is therefore more important to have fine control over the transmitted rate than over the resulting interference.

Conclusion: Configure autonomous grants based on granted rate.

3.2
Applicability of Autonomous Grants

In the case of scheduling grants there are still some discussions as to whether grants should be applicable for a specific HARQ interlace or whether they should be applicable for all of them. Tying an autonomous grant to a specific HARQ interlace would increase the delay by as much as a full HARQ RTT. On the other hand, it would give slightly more control on the transmission timing. Since this additional flexibility is not particularly useful, we propose to do without it.

Conclusion: Apply Autonomous grants to all HARQ interlaces.

3.3
Support for parallel Autonomous Grants

Although this issue was not directly discussed during the meeting, we propose to allow for the possibility of configuring autonomous grants for multiple applications active at the same time. One simple example is the combination of voice and DCCH, both mapped onto the E-DCH. Both of these applications require low data-rates, but have tight delay requirements, and would therefore benefit from autonomous grants.
Conclusion: Allow the configuration of multiple Autonomous Grants in parallel. The autonomous rate would be the sum of the 
3.4
Combination of Autonomous Grants

Of course, once we allow multiple autonomous grants to be configured in parallel, the question of how to manage their interactions arises. In the case of E-TFC selection, these interactions take three forms: 

· Maximum granted data-rate:
Governs whether to allow UEs with multiple autonomous grants to transmit with the rate corresponding to the sum of the grants.

· Multiplexing restrictions:
Governs whether there are any restrictions in multiplexing data for which autonomous grants were configured.

· Prioritization:
Governs the priority of data with autonomous grants in the case where the autonomous grants cannot all be serviced at the same time, either because of power limitation or because we decide that this is the best from the point of view of system performance.

Given that the data-rate of autonomous transmissions is bound to be relatively low, we propose to allow transmissions at the sum of the individual autonomous grants. On the other hand, we propose to limit each logical channel to the rate that it has been granted. This eliminates the need for configuring specific allowed rates for each of the possible combinations. Of course, the data-rate may be reduced because of power limitations or simply data availability.

Although multiplexing restrictions may not be particularly useful in the case of autonomous grants, they would give a means for networks that do not wish to allow autonomous transmissions at a rate corresponding to the sum of the granted rates to do so. Also, it helps in maintaining the alignment between the scheduled and non-scheduled mode.
If it is agreed to allow the UE to transmit at the rate corresponding to the sum of the rates, the only case in which prioritization would play a role is in case of power outage. In that scenario, we propose to rely on the regular logical channel priorities to decide what data to send. At equal priorities, we assume that it is the configuration that allows the most highest priority data to be transmitted that should be selected. Such conditions could arise if we have equal priority data mapped onto different MAC-d flows for which multiplexing is not allowed. Thus the importance of being able to determine a priori the amount of data that could be transmitted depending on which MAC-d flow is the primary.
Conclusion 1: Allow the UE to transmit at the rate corresponding to the sum of all (autonomous) granted rates.

Conclusion 2: Only allow logical channels to transmit up to their (autonomous) granted rate.

Conclusion 3: Use logical channel priorities to perform prioritization in cases of power outage.

Conclusion 4: Use the same multiplexing list for autonomous grants as for scheduled grants. 
3.5
Combination of Autonomous and Scheduling Grants

There are many differences between autonomous and scheduling grants:

· Autonomous grants are defined per logical channel, whereas scheduling grants are defined per UE.

· Autonomous grants can be cumulative.
The simplest way to introduce autonomous grants into the TFC selection framework is to use them to define the amount of data available for transmission, since this is the only figure that is logical channel specific. On the other hand, if we were to use the same procedure when a scheduling grant is active, it would be impossible to transmit more data than what is allowed by the autonomous grant even if it were available and the scheduling grant allowed it.
As a solution, we propose to separate completely the handling depending on whether a scheduling grant is active or not. If one is active, we follow the regular procedure. If not, then the amount of data available for each logical channel is dictated by the autonomous grants configured for it and no other data can be sent out. 

Since the serving Node B does not have full control of the scheduling grants available to the user (e.g. due to overload indications), it is proposed to have a fall-back mechanism to use the scheme for autonomous transmissions if the resulting power requirement is higher than what is allowed by the scheduling grant.
This solution has the advantage of being quite simple. On the downside, it does not make any provision for ensuring that the specific amount of data from the autonomous grant will be transmitted in case a scheduling grant is available. It therefore makes the assumption that the SRNC will configure the logical channel priorities soundly. 

Conclusion 1: Separate the cases where there is an active scheduling grant from the ones where there is not.
Conclusion 2: For non-scheduled transmissions, allow the use of an infinitely high power, but restrict the amount of data available for transmission to what is allowed by the RRC configuration.

Conclusion 3: Perform a non-scheduled transmission in case the power requirement for that is higher than what was available in a scheduled grant.

4.
Text Proposal

<….>
11.8.1.5
E-TFC Selection
For each MAC-d flow, RRC will configure MAC with a HARQ profile and a multiplexing list. The HARQ profile will include the power offset and maximum number of HARQ transmissions to use for this MAC-d flow. The multiplexing list will identify for each MAC-d flow, the other MAC-d flows from which data can be multiplexed in a transmission that uses the power offset included in its HARQ profile .

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. E-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.
RRC can further allocate non-scheduled transmission grants to individual logical channels in order to reduce the transmission delays.
A given E-TFC can be in any of the following states for each configured MAC-d power offset:

-
Supported state;

-
Excess-power state;

-
Blocked state.

UEs in CELL_DCH state with an E-DCH transport channel configured shall continuously monitor the state of each E-DCH TFC based on its required transmit power versus the maximum UE transmit power (see [7]). The state transition criteria and the associated requirements are described in [12, 14]. The UE shall consider that the Blocking criterion is never met for E-TFCs included in the minimum set of E-TFCs (see [7]).
The following diagram illustrates the state transitions for the state of a given E-TFC:
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Figure 11.8.1.5: State transitions for the state of a given E-DCH TFC
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 an E-DCH TFC, i.e. at every TTI boundary for which a new transmission is requested by the HARQ entity (see subclause 11.8.1.1.1), the UE shall select the primary MAC-d flow and establish the set of valid E-TFCs according to the definitions and rules below. 
The sections below define the UE requirements depending on whether there is an active scheduling grant or not.
11.8.1.5.1
Definitions
-
Primary MAC-d flow: 
The "Primary MAC-d flow" is the MAC-d flow whose power offset (as included in the HARQ profile) will be used for the upcoming transmission. The identity of “Primary MAC-d flow” could change on a TTI by TTI basis based on data availability.

-
Nominal power offset: 
The "Nominal power offset" for the transmission is the power offset configured as part of the HARQ profile of the primary MAC-d flow.

-
Nominal Max Number of HARQ Transmissions: 
The "Nominal max number of HARQ transmissions" is the highest among the maximum number of HARQ transmissions configured as part of the HARQ profile of the MAC-d flows from which data is being multiplexed together into the upcoming transmission.

11.8.1.5.2
No Active Scheduling grant

This sub-clause is only applicable when at least one non-scheduled transmission has been configured by RRC. In any other case, the transmission format would be set to the zero-rate E-TFC.
The primary MAC-d flow shall be selected such that, based on the configured multiplexing lists, and based on the non-scheduling transmissions that have been allocated by RRC, it would be possible to transmit the most highest priority data. The primary MAC-d flow will be used to identify the nominal power offset. This power offset will define the power requirement for each E-TFC.

All E-TFCs in the set of valid e-TFCs shall:

1.
belong to the configured E-TFCS.

2.
not be in the Blocked state.
Among the set of valid E-TFCs and among the data for which non-scheduled transmissions have been configured, coming from all the MAC-d flows that are allowed to be multiplexed into the upcoming transmission (based on the multiplexing list), the selected E-TFC and stream allocation shall satisfy the following criteria in the order in which they are listed below:

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

2.
No other stream allocation 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 stream allocation shall result in a smaller MAC-e PDU size.

11.8.1.5.3
Active Scheduling grant

This sub-clause is only applicable when the UE has an active scheduling grant. In any other case, the transmission format shall be set to the zero-rate E-TFC.
If at least one non-scheduled transmission has been configured by RRC, the UE shall determine the E-TFC and stream allocation according to the rules described in the sub-clause 11.8.1.5.2 above. If the power required by the resulting transmission format is higher than what is indicated by sched_ETPR, then that E-TFC and stream allocation shall be used for the upcoming transmission. Otherwise, the procedure below shall be followed.
The primary MAC-d flow shall be selected such that, based on the configured multiplexing lists, it would be possible to transmit the most highest priority data. The primary MAC-d flow will be used to identify the nominal power offset. This power offset will define the power requirement for each E-TFC.

All E-TFCs in the set of valid E-TFCs shall:

1.
belong to the configured E-TFCS.

2.
not be in the Blocked state.
3.
require less power than indicated by sched_ETPR.
Among the set of valid E-TFCs and among all the data coming from all the MAC-d flows that are allowed to be multiplexed into the upcoming transmission (based on the multiplexing list), the selected E-TFC and stream allocation shall satisfy the following criteria in the order in which they are listed below:

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

2.
No other stream allocation 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 stream allocation shall result in a smaller MAC-e PDU size.

11.8.1.5.4
Transmission

Once an appropriate E-TFC and stream allocation are found according to the rules above, the "Multiplexing and TSN Setting” entity shall generate the corresponding MAC-e PDU. 

The HARQ entity shall be provided the transmission HARQ profile, including the "Nominal power offset" and the "Nominal maximum number of HARQ transmissions", to use with this transmission. 
<….>

5.
Conclusion

It is proposed to discuss the proposals in this document and the corresponding text. If they are found agreeable by the group, it is proposed to capture the text in the next draft CR of 25.321. Potentially, some of the aspects could also be captured in the Stage 2.

Note that the proposed text does not yet capture anything about compressed mode, as this issue has not yet been discussed at all.
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