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1. Introduction
During the last RAN1 31st meeting, it was agreed not to have compressed sub-frame for 2ms TTI case. Even with this decision, it is still not clear how the compressed mode could be combined with E-DCH. However, it is desirable to minimize the impact on both UE and Node B scheduler operation by introducing compressed mode operation into E-DCH.

This paper examines how compressed mode could be combined with E-DCH. Assuming that compressed mode operation could be well defined for E-DCH with 10ms, the discussion will be mainly focused on 2ms TTI case.
2. Signaling exchanges for E-DCH
In order to support E-DCH operation, a couple of information is supposed to be required as follows;

· ACK/NACK: would be used to support HARQ operation (E-HICH)
· Absolute Grant (AG): might be used to indicate the maximum TF (or power ratio) UE can deliver (E-AGCH)
· Relative grant (RG): might be used to inform UE of the raising UP/DOWN or keeping the TF from the previous one (E-RGCH)
In order to easily guarantee the orthogonality among DL control information for different E-DCH UEs, DL control information was agreed to be aligned with common timing (i.e. aligned with P-CPICH time). On the other hand, considering the simplicity of TFC selection and priority handling between E-DCH and DCH, UL E-DCH timing is aligned with UE dedicated timing (i.e. aligned with UL DCH timing).
Figure 1 shows timing relations between the required DL control information and UL E-DCH data transmission.
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Figure 1: Timing relationship between information elements for supporting E-DCH

3. Discussions
This chapter evaluates how HARQ should be operated with compressed mode.
3.1 Increasing the process number?
RAN1 already agreed to have synchronous HARQ operation however it is not clear whether the HARQ process number should be increased during the transmission gap. There might be two options to increase the HARQ process number.
Figure 2 shows how the synchronous HARQ process could be worked without increasing the HARQ process number during the transmission gap period.
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Figure 2: HARQ operation without increasing process number during transmission gap period

Comparing with the option of increasing the HARQ process number during the transmission gap, the main benefit from not to increase the number would be to guarantee better throughput. (i.e. if the HARQ process number is increased during the transmission gap, a certain amount of processes which are overlapped with transmission gap could not be used to transmit UL E-DCH data or DL control information)
The main problem of this option might be the complexity of UE and Node B to maintain the flexible timing relation between UL E-DCH data and DL control signalling. If the transmission gap length for UL and DL is different, then maintaining of the timing relation would be much more complex.

Assuming that the complexity of maintaining the flexible timing relations would be much more critical than the throughput gain from not increasing the HARQ process number, it is proposed to increase the HARQ process number during the transmission gap.
3.2 Increasing the process number
Figure 3 depicts the scenario when the HARQ process number is increased even during the transmission gap period. For the simplicity of explanation, it is assumed that both DL and UL transmission gap has the same pattern.
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Figure 3: HARQ operation with increasing process number during transmission gap period

3.2.1 Handling DL transmission gap

During the DL transmission gap, UE can’t receive DL control information (i.e. AG/RG and ACK/NACK). Due to the absence of DL control information there are two points where the UE operation should be evaluated and defined such as
· Point 1 in Figure 3: Should UE send E-DCH data even though it can’t get corresponding ACK/NACK?

· Point 3 in Figure 3: What kind of UE operation would be desirable if it doesn’t have any DL control information due to DL transmission gap?
The simplest solution for UE to handle the DL transmission gap would be

· to assume NACK during the DL transmission gap and

· to assume not to receive AG/RG (i.e. absence of AG and keep option for RG) during the DL transmission gap

So the UE operation would be

· to (re)transmit E-DCH data even if it will not receive corresponding ACK/NACK due to the DL transmission gap (Point 1 in Figure 3) and
· to retransmit E-DCH data assuming NACK during the DL transmission gap if the number of retransmission is less than the maximum number of retransmission (Point 3 in Figure 3) or
· to transmit new E-DCH data using the latest used rate if the maximum number of retransmission is reached (Point 3 in Figure 3)
3.2.2 Handling UL transmission gap
During the UL transmission gap, UE can’t send E-DCH data. There would be two possible options for Node B to handle to UL transmission gap such as

· to send DL control information only when UE can send corresponding E-DCH data or
· to send DL control information regardless of UL transmission gap

[Option 1: To send DL control information only when corresponding E-DCH data transmission is possible]
For the first possible solution, Node B operation would be just

· to delay sending DL control information until UE can send E-DCH data

And UE operation would be

· to ignore the DL control information which would be applied during UL transmission gap

Assuming UL/DL transmission gap given in Figure 3, an example of Node B scheduler operation would be like
· to send DL control information not in Point 2 but in Point 4

However, the critical drawback of this option would be that DL transmission gap could be overlapped with the period when Node B scheduler should send DL control information and if it is the case the option 1 is not feasible. (i.e. the case when DL transmission gap is overlapped with the secondly coming HARQ process 3 and 4 in Figure 3)

In order to make the option 1 feasible, DL transmission gap should not be overlapped with the period when Node B scheduler should send the delayed DL control information. Considering that it is supposed to be quite usual to assign the UL and DL transmission gap as timely aligned manner, the overlapping problem of option 1 might not be critical.

[Option 2: To send DL control information even though it can’t get corresponding E-DCH transmission]
If we go for the option 2, Node B scheduler operation would be like

· to send DL control information even though it can’t get corresponding E-DCH transmission due to UL transmission gap

And UE operation would be like

· to delay applying the ACK/NACK values if it can’t do due to UL transmission gap
· to refresh AG/RG if required (note: Node B scheduler may send new AG/RG after DL transmission gap if required)

Assuming UL/DL transmission gap given in Figure 3 and option 2, an example of Node B scheduler operation would be like
· to send DL control information in Point 2 in Figure 3 and

· to send AG/RG in Point 4 in Figure 3 if it is required

· not to send ACK/NACK in Point 4 in Figure 3 (it is not desirable to mandate for Node B scheduler to repeat ACK/NACK which was sent in Point 2 even though the reliability of ACK/NACK transmission could be enhance since it is Node B implementation.)

And an example of UE operation would be like

· to apply ACK/NACK, received in Point 2 in Figure 3, for E-DCH transmission in Point 5 in Figure 3

Comparing with option 1, option 2 may guarantee easier implementation of UE and Node B scheduler since there’s no impact on UE and Node B scheduler operation before the UL/DL transmission gap. For option 1, Node scheduler should be able to distinguish if the DL control information will not be applied by UE due to UL transmission gap.
4. Conclusion

This paper evaluates how compressed mode operation could be combined with E-DCH. Also it evaluates how compressed mode could be organized with E-DCH.

It is proposed to discuss the proposed options in chapter 3 and to include the following proposals into the RAN2 TS 25.309 if it looks agreeable.
· UE and Node B scheduler (HARQ entity) shall increase the HARQ process number during the transmission gap

· UE shall regard the absence of E-HICH due to DL transmission gap as receiving NACK

· UE shall regard the absence of E-AGCH due to DL transmission gap as not receiving AG

· UE shall regard the absence of E-RGCH due to DL transmission gap as receiving keep value of RG

· UE shall delay applying the ACK/NACK values if it can’t apply those values due to UL transmission gap
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