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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 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.

If, however the length of a compressed mode pattern is 4 frames, then the same HARQ processes will be affected by DL E-HICH gaps. 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. In this case, the UE would continue to make unnecessary retransmission up to the maximum amount of retransmissions, and would never receive an ACK for the data. Such a situation could cause wasted UL resources and delay increases that would not otherwise exist. Furthermore, if the affected PDU had in reality not been received by RLC after the maximum amount of retransmissions, there would be a significant risk of an RLC retransmission being placed again in to the bad HARQ process, causing excessive delay.

Suppose, for example that the maximum amount of retransmissions is configured to be twice the mean amount of retransmissions. In this case, if a single HARQ process is affected and transmits up to the maximum number of retransmissions, then the throughput of the link will drop by 13%, whilst the same amount of UL resources will be used. If two HARQ processes are affected, then a 26% throughput drop could be expected. On the other hand, if the UL processes were DTXd then UL throughput could be maintained using a higher grant to the remaining processes, whilst resource could be allocated elsewhere during the DTX time.
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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. In particular, Ues using DL compressed mode may well also be close to the cell edge, and already requiring a relatively large amount of DL power for their E-HICH. 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.
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Figure 2 Example of a CM gap regularly affecting 2 HARQ processes, with 1 process significantly more affected than another.

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. 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 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.

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.

To summarise,  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 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 tentatively suggest 3, which corresponds to a 1dB increase in Node B DL power otherwise being necessary.

· 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.

During the discussion of this topic in RAN2, some questions were raised with regard to the operation of such a rule in Soft Handover. Timing differences between Node Bs might mean that the uplink processes affected by DL compressed mode gaps differ depending on which Node B is taken to be the reference.

If the serving cell relocation is being managed well, then the serving cell should be the cell with the lowest BLER; i.e. the highest proportion of transmitted ACKs. This is reflected in the design of the E-HICH signalling, for which ON/OFF keying, as opposed to BPSK is utilised for non serving cells. Since this is the case, the increase in transmissions due to missing E-HICH would be largest for missed serving cell E-HICHs. Thus a sensible, low complexity way of defining the rule would be for it to be applied to lost E-HICHs from the serving cell only.

Response to RAN2

Clearly responsibility for specifying a behaviour for E-TFC selection lies with RAN2. However in R1-051000, RAN2 have asked for RAN1 to advise on a solution and the SHO issue. Therefore we propose the following is replied to RAN2:

· Significantly increasing the DL E-HICH power during compressed frames, although possible is not a preferable solution since UEs that are close to the cell edge may well already be consuming a relatively large amount of power. Thus increasing when only 1 or 2 slots are lost is a viable solution, whereas increasing the Node B transmit power when a larger number of slots are lost is not.

· If no change is made to the current specifications, then the other solution is to leave the UE to always make the maximum amount of retransmissions in the affected HARQ processes. Obviously the impact of this is dependent on the configured amount of retransmissions; however if the normal operating point is less than half the amount of retransmissions, as might be expected then a throughput wastage of 13-26% might be expected.

· Regarding application of the rule in Soft Handover, RAN1 recommends that the rule be based only on the impact of DL compressed mode on E-HICHs from the serving cell; i.e. non serving cells are not considered.
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