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Introduction

During RAN1#40bis and RAN2#46bis, a solution for handling compressed mode for E-DCH was agreed that has the following implications on the E-TFC selection procedure:

· For the 2msec TTI, E-TFC selection is not performed for any TTI affected by a compressed mode gap and any non compressed slots in the gap are subject to DTX

· For the 10msec TTI, E-TFC selection is performed, but the SG is temporarily reduced by a factor proportional to the length of the CM gap. When the E-TFC is transmitted, the power per slot is adjusted up by this factor, in order that the mean E-DPDCH power over the whole TTI is that expected for the selected E-TFC, whilst the power per slot is the same as would be expected in a non compressed frame given the SG.

In addition to uplink compressed mode, it is also possible to have downlink compressed frames. 25.214 states that the UE should attempt to decode E-HICH and look for a reliable ACK. In this case, no impact for the E-TFC selection was specified. If a DL E-HICH is affected by a CM gap, the Node B can transmit the ACK/NACK in any non compressed slots using increased power or choose not to transmit. Not transmitting would result in a retransmission, since the UE would obviously not be able to detect a reliable ACK.

For the 10msec TTI, the chances that an E-HICH of a certain process permanently collides with a CM gap are quite high:
· The timing of the synchronous HARQ is such that the RTT of a HARQ process is 4 frames. This means that the ACK/NACK relating to a specific HARQ process is transmitted every 4 frames.

· In 25.101 4 frames is stated as being a common pattern for testing compressed mode operation (Pattern A21, A22). Furthermore, 25.133 indicates that this pattern is used frequently. Since the pattern is used frequently in terminal performance requirements, it is reasonable to assume that many networks will be configured to use such a pattern.

· So if the length of a compressed mode pattern is 4 frames, then the same HARQ processes will be affected by DL E-HICH gaps. 
Discussion
Now suppose that the Node B is not able to transmit E-HICH in non compressed slots in an affected E-HICH TTI, due to, for example power constraints. Such a situation would cause wasted UL resources:

· The UE would always continue to make unnecessary retransmissions for the affected process up to the maximum amount of retransmissions because it would never receive an ACK for the data. If, for example the usual amount of retransmissions were set to be half the maximum amount of retransmissions and 2 processes were affected, the result would be 25% more retransmissions than necessary.
· If the affected processes were blocked, then the UL resources could be increased for the remaining processes., whilst other UEs could be scheduled during the blocked ones, e.g those having a distinct CMP timing.

· This effect for transmissions containing triggered scheduling information would be even greater, as a special reliability scheme is applied regarding reception in the serving node B.
An LS was sent to RAN1 to give advice on the issue, especially the timing. Even if they did not find agreements on the issue itself [7] they say that if RAN2 agrees on a solution, we should take into account serving Node B only for the timing.
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Figure 1 Example of compressed mode with TGP = 4 affecting the same HARQ process ACK/NACK in each TTI
It is undesirable to force the Node B to use a large amount of transmit power to cover such a situation when the length of the compressed mode gap is large while it is equally undesirable to waste resources in the uplink:

· Thus we propose to add a rule that specifies that a UE should not select an E-TFC for an E-DCH TTI corresponding to a compressed E-HICH transmission when the TTI is 10msec and the CM pattern repeats every 4 frames.

On the other hand, the length of the compressed mode gap is small, then it may be undesirable to block a HARQ process. For example, a large CM gap for which all slots except 1 fall into the E-HICH frames for 1 process, whilst a single slot is affected in the E-HICH for the next process. 
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Figure 2 Example of a CM gap regularly affecting 2 HARQ processes, with 1 process significantly more affected than another.
In this case, 2 processes would be blocked although the issue could be solved using an increase of 0.3dB TX Node B power for the second process:
· Thus we propose that the rule barring E-TFC selection shall only be applied if more than a certain number of slots are blocked by compressed mode DTX during an E-HICH TTI when the repetition period is 4. This number can be debated further; we tentatively suggest 3, which corresponds to a 1dB increase in Node B DL power otherwise being necessary.
For the triggered scheduling information a special reliability scheme is defined to make sure that the serving Node B receives SI. This can result in excessive number of retransmissions especially if triggered SI is transmitted and the CM gap overlaps with E-HICH from the serving Node B because retransmissions will take place even if a UE receives ACKs from non serving NodeBs. 
Furthermore we assume that DL quality for the AGCH will usually be the best from the serving Node B and thus problems on this AGCH will mainly impact UE behaviour.
Regarding the timing we take into account the reply from RAN1 [7].

· Thus we propose that the rule barring E-TFC selection shall only be applied if the CM gap and E-HICH timing for the serving Node B fulfils the conditions above.

Especially scheduled traffic with a likely high rate and a large number of retransmissions for providing low BLER will generate high waste of UL interference for unnecessary retransmissions.   

· A slightly modified solution could be to just to block scheduled traffic from being sent on these processes.  

The 2msec TTI should not be affected by a regular compressed mode pattern, since the number of TTIs in a frame is not an integer divisor of the number of processes.

Conclusion

For the reasons above we propose the following:

· To add a rule that specifies that a UE should not select an E-TFC for an E-DCH TTI corresponding to a compressed E-HICH transmission when the TTI is 10msec and the CM pattern repeats every 4 frames.
· That the rule barring E-TFC selection shall only be applied if more than a certain number of slots are blocked by compressed mode DTX during an E-HICH TTI when the repetition period is 4. For this number we suggest 3, which corresponds to a 1dB increase in Node B DL power otherwise being necessary.

· That the rule barring E-TFC selection shall only be applied if the CM gap and E-HICH timing for the serving RLS fulfils the conditions above.

· The 2msec TTI should not be affected by a regular compressed mode pattern, since the number of TTIs in a frame is not an integer divisor of the number of processes.
The related CRs to TS 25.309 and TS 25.321 can be found in Appendix below.
· Since especially scheduled traffic with a likely high rate and a large number of retransmissions for providing low BLER will generate highest waste of UL interference for unnecessary retransmissions, an slightly modified solution could be to just to block scheduled traffic from being sent on these processes.  

If the group agrees on such a solution, the CRs will be modified accordingly.
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11.2
TFC and E-TFC selection

Logical channels mapped on the DCHs are always prioritised over those mapped on E-DCH.

The principle of the TFC selection across E-DCH and DCH is the following:

-
The UE performs TFC restriction for the CCTrCH of DCH type;

-
The UE performs the TFC selection for the DCHs;

-
E-TFC restriction is performed with the following characteristics;

· The E-TFC restriction mechanism is independent of the existing TFC restriction;

· The E-TFC states defined per MAC-d flow are managed independently of the TFC states;
-

The UE uses the power offsets for the reference E-TFC(s), the signalled power offset attributes for its MAC-d flows, the required E-TFC dependent backoff, and the UE remaining power to determine the E-TFC states;
-
The HS-DPCCH, DPCCH, DPDCH and E-DPCCH powers are taken into account when calculating the remaining power;
-
The result of E-TFC restriction is a state (blocked or supported) per E-TFC and MAC-d flow;

· The minimum set of E-TFCs is defined as the number of bits that can be transmitted in a TTI independent of the power situation in the UE, provided there is nothing sent on the DCH, and is configurable from the RNC as one E-TFC per UE. When there is nothing sent on DCH, the E-TFCs belonging to the minimum set are in supported state;

-
In the case where 2ms TTI is configured, E-TFC selection shall not be performed for TTIs that overlap with an uplink compressed mode gap;

-
Then the UE performs the E-TFC selection for the E-DCH, taking into account the following rules:

-
The E-TFC selection is based on logical channel priorities like in the Release '99, i.e. the UE shall maximise the transmission of higher priority data;

-
The UE shall respect the allowed combinations of MAC-d flows in the same MAC-e PDU;

-
The UE shall use the multiplexing list of the different MAC-d flows to see if a certain MAC-d flow can use the power offset of the highest priority MAC-d flow to be transmitted;

-
The supported/blocked E-TFCs for a MAC-e PDU including MAC-d PDUs coming from one or several MAC-d flows are obtained as follows:
-
The UE uses the E-TFC restriction result (i.e. blocked/supported E-TFCs) associated to the MAC-d flow with the highest priority logical channel in the MAC-e PDU;
-
For a 10ms TTI E-DPDCH frame that overlaps with a compressed mode gap, the Serving Grant shall be scaled back according to the procedure described in [4];

-
Among the supported E-TFCs, the UE selects the smallest E-TFC that maximises the transmission of data according to the non-scheduled grant(s) and the serving grant;
-
For each transmission, the MAC-e entity gives the selected power offset of E-DPDCH(s) relative to DPCCH to the L1 in addition to the E-TFC;

-
In case the maximum UE transmit power is exceeded, the UE shall scale down the E-DPDCH only on slot level for both initial transmission and retransmissions. Further details on uplink power reduction mechanisms can be found in [3].
-
If a 10msec TTI is configured and a DL compressed mode pattern is configured that causes a transmission gap to occur regularly every 4 frames, then the E-TFC selection procedure should not be performed and hence no uplink transmission made for uplink TTIs corresponding to E-HICH from the serving RLS affected by the periodic DL transmission gap if the gap affects more than 3 slots of the radio frame.
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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. 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 [16] 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. RRC can also restrict the set of HARQ processes to which scheduled grants are applicable when a 2ms TTI is configured.

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 subsection 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 needs to be transmitted, the E-TFC selection and data-allocation process shall assume that a non-scheduled grant is available for its transmission. 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.

If a 10msec TTI is configured and a DL compressed mode pattern is configured that causes a transmission gap to occur regularly every 4 frames, then the E-TFC selection procedure should not be performed and hence no uplink transmission made for uplink TTIs corresponding to E-HICH from the serving RLS affected by the periodic DL transmission gap if the gap affects more than 3 slots of the radio frame.
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 HARQ profile for the transmission shall be selected among the HARQ profiles of MAC-d flows on which the highest priority logical channels with available data are mapped;

-
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 from MAC-d flows for which non-scheduled grants were configured shall not exceed the value of the non-scheduled grant, the amount of data required to transmit the MAC-e/es headers or the Scheduling Information shall not be taken into account;
-
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;
-
The maximum amount of data from MAC-d flows for which no non-scheduled grants were configured shall be quantized to the next smaller supported E-TFC based on the Serving Grant (after adjustment for compressed frames) and the power offset from the selected HARQ profile, the power ratio required for the transmission of the MAC-e/es headers and the Scheduling Information shall not be taken into account; In the case a 2ms TTI is configured and the HARQ process is inactive, the UE shall not include any such data in the transmission;

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

-
The E-TFC resulting in the smallest amount of padding 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.
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