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1 Introduction

The current quantization text in TS25.321 subclause 11.8.1.4 seems to go against E-TFC selection rules. In fact E-TFC selection works on priority (UE fills in the MAC-es PDU for each logical channel based on priority), but quantization works on scheduled/non-scheduled data (UE cuts-off the scheduled data in the selected E-TFC independent of prioritisation). Depending on network configurations, these two requirements are potentially conflicting, generating confusion and errors. We would like to clarify this issue. 
2 Description

The current quantization text in TS25.321 subclause 11.8.1.4 states that the data from MAC-d flows for which scheduled grants were configured shall be quantized to the next smaller supported E-TFC. Depending on network configurations, this requirement could conflict against the E-TFC selection requirement stated just a few lines above, which require the MAC to chose the data to be sent in a way that maximizes the transmission of higher priority data. In other words, at the present the E-TFC selection works on priority, i.e. the UE fills in the MAC-es PDU for each logical channel giving precedence to higher priority data, but quantization works on scheduled/non-scheduled data, i.e. the UE is requested to cut-off the scheduled data in the selected E-TFC independent of prioritisation. This wording of the requirements can lead to errors in some cases.

Below we include a simple example in which a UE which follow to the letter the current text about quantization will actually end up breaking the requirement about data prioritisation.

Example

Note that for simplicity, MAC-e/es headers and scheduling information are not considered in the example. 

Configuration 
=========== 

Using 10ms TTI E-DCH Transport Block Size Table 1 

Radio Bearer 1: 
Priority = 1 
RLC PDU size = 500 bits 
Attached to Mac-d flow 1 
Mac-d flow 1 has no NS grant 

Radio Bearer 2:
Priority = 2 
RLC PDU size = 300 bits 
Attached to Mac-d flow 2 
Mac-d flow 2 has NS grant = 300 bits 

Dynamic parameters 
================= 

Max supported payload: 
3000 bits if Mac-d flow 1 carries highest priority data 
6000 bits if Mac-d flow 2 carries highest priority data 

Max scheduled bits: 
600 bits if Mac-d flow 1 carries highest priority data 
1200 bits if Mac-d flow 2 carries highest priority data 

Buffer Occupancies: 
Radio Bearer 1 = 1000 bits 
Radio Bearer 2 = 1000 bits 

Example of E-TFC Selection procedure 
=============================== 

1. Determine the flow which can send highest priority data. In our example this is flow 1. 
2. Based on flow 1, max supported payload = 3000 bits 
3. Based on flow 1, scheduled grant payload = 500 bits (1 PDU on Rb1) 
4. Non-scheduled payload = 300 bits (1 PDU on Rb2) 
5. Scheduled grant payload + non-scheduled payload = 500 + 300 = 800 bits 
6. Quantised total = 708 bits (ETFCI 8) 
7. Reduce scheduled grant payload by 800-708 = 92. Scheduled grant payload becomes 408. 
8. Scheduled grant payload is now smaller than Rb1's block size, so Rb1 cannot transmit in this TTI.

9. The above sequence needs to be repeated with Rb1 excluded. 


The final MAC-e/es PDU would contain 300 bits from Rb2 and no data from Rb1, which was higher priority. 
This clearly contradicts the requirement in 11.8.1.4 that states that “the data allocation shall maximize the transmission of higher priority data”. So there are two conflicting requirements in the specifications. 
From an UE implementation point of view this looks also unreasonably complicated. The main problem that we found in this sequence of operations (suggested by the present wording in the Annex C (informative): Pseudo-Code for E-TFC Selection) is that in order to correctly work out the scheduled grant payload (step 3) and non-scheduled payload (step 4) it is necessary to process for each Radio Bearer the remaining available grant bits, Buffer Occupancy and RLC block sizes and hence determine the best number of blocks and block size. This is virtually a complete E-TFC Selection procedure which needs to be carried out prior to quantization and it may be followed by at least one more repetition of the same sequence after quantisation. 
3 Proposal 

In order to solve the apparent conflict in the requirements that has been illustrated above, we:

1) Propose to remove from the normative text the part of the requirement that states that quantization should be done on scheduled data

2) Provide an updated version of the Pseudo-Code that works according to this clarification. 
In this way we will have the quantization done by effectively reducing the grant associated with the lowest priority bearer, regardless of whether it's scheduled or not.
Of course, if the networks configure sensibly so that non-scheduled bearers are higher priority than scheduled ones, then the result of applying this "change" will lead tono functional difference in the expected UE behaviour. Nevertheless, by correcting it we will have the benefit of having a coherent text in the specifications and a valuable simplification in the UE implementation guidelines (the UE will no longer need complicated mechanisms to handle the case where a scheduled bearer is higher priority than non-scheduled bearer).

On the other end, if there are network configurations where bearers carrying non-scheduled data have lower priority than bearers carrying scheduled ones (assuming that such configurations exist), it will be clear what to expect from now on: low priority bearers carrying non-scheduled data will be the ones at risk of not being transmitted, giving precedence instead to higher priority bearer carrying scheduled data. Anyhow, in case of such “weird” network configurations, the system will “work” both with legacy UEs and with new UEs, simply different UEs will have slightly different behaviors.
The details of the proposal can be seen in the attached CR.
4 Conclusion

The current quantization text in TS25.321 subclause 11.8.1.4 seems to go against E-TFC selection rules. In fact E-TFC selection works on priority, but quantization works on scheduled/non-scheduled data. Depending on network configurations, these two requirements are potentially conflicting, generating confusion and errors. We would like to clarify this issue by stating that logical channel priority requirement should prevail over the scheduled/non-scheduled characteristic of the data.

Once the requirement precedence has been clarified as above, the Pseudo-Code can be corrected leading to simpler UE implementation (simpler E-TFC implementation guidelines).
A draft CR is attached.
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11.8.1.4
E-TFC Selection

In FDD mode, the rules for E-TFC selection provided below shall apply to UEs in CELL_DCH state with an E-DCH transport channel configured. These UEs shall apply the E-TFC selection procedure when invoked by the HARQ entity (see subclause 11.8.1.1.1). In the case where a 2ms TTI is configured, E-TFC selection shall not be performed for TTIs that overlap with an uplink compressed mode gap. The E-TFC restriction procedure described in [12] shall always be applied before the E-TFC selection process below. E-TFCs which (according to calculations in [16]) require channelisation codes which are not allowed by the value given by the Maximum channelisation codes for E-DPDCH or are not supported by the UE capability shall be considered as blocked. Furthermore, for UEs that are also configured with a DCH transport channel on uplink, the TFC selection procedure shall be applied before either of these.

For each MAC-d flow, RRC configures MAC with a HARQ profile and a multiplexing list. Additionally, RRC configures MAC with a power offset for "Control-only" transmissions. This power offset and a maximum number of HARQ transmissions of 8 will be used to define a HARQ profile for "Control-only" transmissions which will be used, in case the Scheduling Information needs to be transmitted without any higher-layer data. The HARQ profile includes the power offset and maximum number of HARQ transmissions to use for this MAC-d flow. The multiplexing list identifies for each MAC-d flow(s), 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 allocate non-scheduled transmission grants to individual MAC-d flows in order to reduce the transmission delays. When a 2ms TTI is configured each non-scheduled grant is applicable to the specific set of HARQ processes indicated by RRC. The applicability of scheduled grants can be also restricted to a specific set of HARQ processes when a 2ms TTI is configured. HARQ process restriction and reservation is under the control of the serving cell Node B and indicated to the UE by RRC.
For each configured MAC-d flow, a given E-TFC can be in any of the following states:

-
Supported state;

-
Blocked state.

At each TTI boundary, UEs in CELL_DCH state with an E-DCH transport channel configured shall determine the state of each E-TFC for every MAC-d flow configured based on its required transmit power versus the maximum UE transmit power (see [7] and [12]). If no DCH transport channel is configured or if a DCH transport channel is configured and the selected TFC is "empty" (see [3]), the UE shall consider that E-TFCs included in the minimum set of E-TFCs are always in supported state (see [7]).

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 perform the operations described below. UEs configured both with DCH and E-DCH transport channels shall perform TFC selection before performing E-TFC selection.

The Serving Grant Update function provides the E-TFC selection function with the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to allocate for the upcoming transmission for scheduled data (held in the Serving Grant state variable – see subclause 11.8.1.3). 

The HARQ process ID for the upcoming transmission is determined using the following formulae:

-
For 2ms TTI:

CURRENT_HARQ_PROCESS_ID = [5*CFN + subframe number] mod HARQ_RTT

-
For 10ms TTI:
CURRENT_HARQ_PROCESS_ID = [CFN] mod HARQ_RTT

Based on this current HARQ process ID and the RRC configuration, the UE shall determine whether to take the scheduled and non-scheduled grants into account in the upcoming transmission. If they are not supposed to be taken into account, then the corresponding grant shall be assumed to not exist. If the variable Serving_Grant has the value "Zero_Grant" after the Serving Grant Update, then the Serving Grant shall not be taken into account in the upcoming transmission.

When Scheduling Information is triggered per subclause 11.8.1.6, the E-TFC selection and data-allocation process shall assume that a non-scheduled grant is available for its transmission and that Scheduling Information has a priority higher then any other logical channel. Furthermore the HARQ process used for the upcoming transmission shall be assumed to be active and not L3 restricted for the transmission of the Scheduling Information, i.e. transmission of Scheduling Information can take place on this process.
The transmission format and data allocation shall follow the requirements below:

-
Only E-TFCs from the configured E-TFCS shall be considered for the transmission;

-
For all logical channels, if the logical channel belongs to a non-scheduled MAC-d flow, its data shall be considered as available up to the corresponding non-scheduled grant, if the logical channel does not belong to a non-scheduled MAC-d flow, its data shall be considered as available up to the Serving Grant;

-
The power offset for the transmission is the one from the HARQ profile of the MAC-d flow that allows highest-priority data to be transmitted. If more than one MAC-d flow allows data of the same highest priority to be transmitted, it is left to implementation to select which MAC-d flow to prefer);

-
In case the variable Serving_Grant has the value "Zero_Grant" after the Serving Grant Update function and there is no data available for MAC-d flows for which non-scheduled grants were configured and the transmission of Scheduling Information has been triggered, the "Control-only" HARQ profile configured by the higher layers shall be used.

-
The Nominal Power Offset shall be set to the power offset included in the transmission HARQ profile;

-
The data allocation shall maximize the transmission of higher priority data;

-
The amount of data and corresponding MAC-e/es headers from MAC-d flows for which non-scheduled grants were configured shall not exceed the value of the non-scheduled grant;

-
If a 10ms TTI is configured and the TTI for the upcoming transmission overlaps with a compressed mode gap, the Serving_Grant provided by the Serving Grant Update function shall be scaled back as follows: 
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where SG’ represents the modified serving grant considered by the E-TFC selection algorithm and NC represents the number of non DTX slots in the compressed TTI;
-
When not in a power limited condition the maximum amount of data and corresponding MAC-e/es headers from MAC-d flows shall be quantized to the next smaller supported E-TFC based on amplitude ratios prior to the quantization according to subclause 5.1.2.5B.2.3 of [13], the Serving Grant (after adjustment for compressed frames), the power offset from the selected HARQ profile, the non-scheduled grants (if any) and Scheduling Information (if any); 
-
In the case a 2ms TTI is configured and the HARQ process is inactive, the UE shall not include in the transmission any data from MAC-d flows for which no non-scheduled grants were configured;
-
The Scheduling Information is always sent when triggered (see subclause 11.8.1.6);

-
Only E-TFCs in supported state shall be considered;

-
The E-TFC resulting in the smallest amount of padding for the selected MAC-es PDUs and corresponding MAC-e/es headers, shall be selected including the case when the Scheduling Information needs to be transmitted.

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

The E-TFC selection function shall provide this MAC-e PDU and transmission HARQ profile to the HARQ entity. The maximum number of HARQ transmissions and the power offset in this profile, shall be set respectively to the maximum of the Max Number of HARQ Transmissions of the HARQ profiles from all the MAC-d flows from which data is multiplexed into the transmission and to the Nominal Power Offset. The HARQ entity shall also be informed of whether the transmission includes Scheduling Information and whether this information is sent by itself or with higher-layer data. The E-TFC selection function shall provide the E-TFCI for the selected E-TFC to the HARQ entity.

====================== <next modified section> =========================

Annex C (informative):
Pseudo-Code for E-TFC Selection

The pseudo-code below describes one possible implementation of the E-TFC Selection as described in subclause 11.8.1.4:

1>
determine whether to take the scheduled and non-scheduled grants into account in the upcoming transmission. 

1>
if scheduled and/or non-scheduled data can be transmited:

2>
select a MAC-d flow that allows highest-priority data to be transmitted (when more than one MAC-d flow allows data of the same highest priority to be transmitted, it is left to implementation to select which MAC-d flow to prefer);

2>
identify the MAC-d flow(s) whose multiplexing lists allow them to be 
transmitted in the same TTI as this MAC-d flow, and whose grants allow them to transmit in this TTI and ignore the one(s) that cannot.

2>
based on the HARQ profile of this MAC-d flow, identify the power offset to use;

2>
based on this power offset and the E-TFC restriction procedure, determine the “Maximum Supported Payload” (i.e. maximum MAC-e PDU size or E-TFC that can be sent by the UE during the upcoming transmission);

2>
if the upcoming transmission overlaps with a compressed mode gap on 10ms TTI, scale down the current serving grant (SG);

2>
set "Remaining Scheduled Payload" to the highest payload that could be transmitted according to SG and selected power offset;

2>
for each MAC-d flow with a non-scheduled grant, set the "Remaining Non-scheduled Payload" to the value of the grant;


2> set “Total Available Grant” to the sum of  “Remaining Non Scheduled Payload” for all non-scheduled MAC-d flows, plus “Remaining Scheduled Payload”,
2>
if Scheduling Information needs to be transmitted:

3>
 set “Remaining Available Payload” to MIN (“Total Available Grant” + size of the scheduling information, “Maximum Supported Payload”) and quantize to the next smaller supported E-TFC



3>
subtract the size of the Scheduling Information from "Remaining Available Payload".

2>
else:

3>
 set “Remaining Available Payload” to MIN (“Total Available Grant”, “Maximum Supported Payload”) and quantize to the next smaller supported E-TFC



2>
perform the following loop for each logical channel, in the order of their priorities:

3>
if this logical channel belongs to a MAC-d flow with a non-scheduled grant, then:

4>
consider the "Remaining Non-scheduled Payload" corresponding to the MAC-d flow on which this logical channel is mapped;

4>
fill the MAC-e PDU with SDU(s) from this logical channel up to MIN ("Remaining Non-scheduled Payload", Available Data for this logical channel, "Remaining Available Payload");

4>
subtract the corresponding bits if any from "Remaining Available Payload" and "Remaining Non-scheduled Payload" taking into account the MAC-e/es headers.

3>
else:

4>
fill the MACe PDU with SDU(s) from this logical channel up to MIN ("Remaining Scheduled Payload", Available Data for this logical channel, "Remaining Available Payload");

4>
subtract the corresponding bits if any from "Remaining Available Payload" and "Remaining Scheduled Payload" taking into account the MAC-e/es headers.

2>
if Scheduling Information needs to be transmitted:

3>
add Scheduling Information to the MAC-e PDU;

3>
determine the smallest E-TFC that can carry the resulting MAC-e PDU;

2>
else:

3>
determine the smallest E-TFC that can carry the resulting MAC-e PDU;

3>
if the padding allows a Scheduling Information to be sent, add it to the MAC-e PDU;

2>
set the maximum number of HARQ transmissions to the maximum among the maximum number of HARQ transmissions of the HARQ profiles of the MAC-d flows selected for transmissions.

1>
else if Scheduling Information needs to be transmitted:

2>
select the "control-only" HARQ profile;

2>
fill the MAC-e PDU with the scheduling information;
2>
select the smallest E-TFC.
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