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1. Introduction

During RAN1#40 in Phoenix, compressed mode for E-DCH was treated in a number of contributions, in which several proposals were made for compressed mode behaviour, which generally differed according to the E-DCH TTI length. For the 2msec E-DCH TTI length, there was consensus that both in UL and in DL, no transmissions will be made during a TTI that is affected by compressed mode gaps. The behaviour in an UL TTI relating to a compressed DL TTI was not yet concluded; either the UL TTI could be suppressed or it may be transmitted regardless of the fact that it will not be possible for the Node B to send an ACK/NACK (NACK would then be assumed by the UE, leading to a further retransmission).

For the 10msec TTI, DTXing compressed mode frames would lead to a serious loss in user throughput. Proposals for solutions can be differentiated between behaviour during first transmissions and retransmissions:

First transmission proposals:

· A procedure similar to the existing “higher layer scheduling”, in which the Node B controlled E-DPDCH/E-DPCCH limit is adjusted in compressed frames, thus limiting the TFC selection [3]
· Spreading factor reduction [1]
· DTXing of the whole frame [2]
· Puncturing to take account of the DTXd slots
Retransmission proposals:

· Spreading factor reduction [1]
· DTXing of the whole frame [2]
· Puncturing to take account of the DTXd slots
2. Comparison of proposals for 10msec TTI uplink
2.1. First transmission

It should be noted that when operating at 10-20% BLER, first transmissions dominate E-DCH activity. Any compressed mode procedure that leads to an increase in retrtansmissions would increase delays and possibly complexity. Thus it makes sense to particularly concentrate on not increasing first transmission BLER as a result of compressed frames.

Spreading factor reduction
Spreading factor reduction allows for symbols DTXd during the compressed slots to be transmitted in non-compressed slots, thus not changing the overall coding rate significantly. The cost of maintaining the coding rate is a loss in processing gain, which requires either a larger amount of UE transmit power or leads to an increase in BLER. Increasing the UE TX power in non compressed slots is not desirable because it would lead to an increase in cell RoT variance, which in general reduces throughput. On the other hand, the likely increase in BLER due to not increasing UE TX power would be significant enough that in most cases a further retransmission would be required. A further impact of spreading factor reduction as a method for handling compressed mode is that it is not capable of handling high data rates due to restrictions in the available code space, although it is of course questionable as to whether compressed mode would be operated in conjunction with high data rates.

Puncturing
Compressed mode by puncturing increases the code rate, but maintains the spreading factor. The increase in code rate would again either need to be compensated by an increase in TX power or would lead to a drastically increased BLER. Furthermore, in many cases increasing the TX power alone would not allow BLER to be maintained as the initial transmission would become non self decodable. 

A particular problem might occur if the CM pattern has the same length as a HARQ cycle; such a situation could lead to a HARQ process becoming useless as all of its transmissions would be punctured.

An advantage of using SF reduction or puncturing is that the compressed mode procedure would not differ between first transmissions and retransmissions. However the two procedures are not optimal for the first transmission case, which is the dominant one and hence spending some more effort on this case is worthwhile.

“Scheduling”

Compressed mode by “scheduling” in this context refers to a procedure whereby the TFC selection is restricted in compressed frames in order that the transmission power per non compressed slot is kept more or less the same as in non compressed frames.. The restriction in the TFC selection should be an offset from the Node B controlled E-DPDCH/DPCCH limit that is applied in non compressed frames. This offset may be calculated according to the number of compressed slots or set by the RNC. It also needs to be clear whether the UE takes into account DPCCH power in compressed frames or non compressed frames as a reference for its allowed E-DPDCH/DPCCH. In order not to affect RoT variance, we would suggest taking the DPCCH power in non compressed frames as a reference in TFC selection, and scaling the beta factors accordingly in compressed frames if the DPCCH power differs.
Once a TFC has been selected for a compressed frame, then the rate matching algorithm should take into account the reduced number of slots and select a SF and number of codes such that the puncturing limit is not violated.

In this case, first transmission BLER is maintained, although the throughput may be reduced somewhat. If the Node B wishes to maintain throughput, then it can increase the E-DPDCH/DPCCH limit; this will not lead to any increase in RoT variance.
For GBR services, any minimum TFC should be respected also in compressed frames to maintain QoS; and the transmit power scaled accordingly in the non compressed slots.

2.2. Retransmissions

For retransmissions, the TFC selected during a first transmission may not be altered. Therefore the only viable methods for dealing with compressed mode are puncturing or SF reduction.

If the procedure for first transmissions was “scheduling” as described above, then there are two alternative cases for retransmissions:

First transmission was compressed, retransmission is not:

In this case, there will be more slots available in the retransmission than for the first transmission. This could be taken into account either via an increase in the SF or simply repeating some of the slots of the first transmission in the additional slots present for the retransmission

First transmission was not compressed, however retransmission is:

This may be covered by SF reduction or simply DTXing the compressed slots. In either case, it would be preferable not to increase the E-DPDCH power in non DTX slots compared to the per slot power in non CM frames.
2.3. E-DPCCH

It is undesirable for the spreading factor or puncturing for E-DPCCH to be adjusted. It is also undesirable for the error rate or missed detection rate on E-DPCCH to increase, Therefore the E-DPCCH should be transmitted during the non compressed slots with a higher power to compensate for lost processing gain. The increase in RoT variance incurred by this procedure should remain small as only the TX power of the overhead channel increases.

Of course, the DPCCH may also need to be transmitted with a higher power for compressed frames; this should be taken into account in setting an E-DPCCH/DPCCH ratio for CM frames.
2.4. Conclusion on 10msec Uplink

First transmissions are the dominant factor in performance and should be examined carefully. Increasing the RoT variance is undesirable as it can lead to a reduction in cell throughput. Furthermore, causing retransmissions for UEs that are operating compressed mode is also undesirable, since QoS may be compromised. From this point of view, the “scheduling” approach is most desirable, since it does not impact BLER or RoT variance. Although it leads to a decrease in throughput, this can be compensated by the Node B by increasing its grant without a rise in RoT variance, or may be compensated by the RNC if RRC signalling is used for setting the offset of E-DPDCH/DPCCH limit in TFC selection in compressed frames to that signalled by the Node B for non compressed frames.

“Scheduling” cannot be used for retransmissions; in this case either puncturing or SF reduction should be employed, although an increase in slot power should not be allowed.

3. 10msec TTI Downlink
Similarly to the UL case, it is undesirable to DTX transmissions for the 10msec TTI that relate to compressed frames in the downlink, as this would lead to a loss in user throughput. The following methods could be used to avoid a loss in throughput:

· DTX of the whole compressed frame in downlink. This means that E-HICH cannot be received. However, E-DCH may still be transmitted in uplink, with NACK assumed during the CM DL frame. Of course, this would necessitate at least 1 retransmission, even if the first transmission was received perfectly by the Node B, leading to a potential waste of resources and compromise of QoS that would be more serious than in the 2msec TTI case
· Transmit E-HICH during non compressed slots of a CM frame with an increased power.

· Node Bs always have the option to DTX E-HICH if they do not have sufficient power to accommodate this.

The latter of these two options would seem to give most flexibility in managing DL compressed mode for the 10msec TTI without wasting resources or compromising throughput.

4. Conclusion
· For 2msec TTI, Uplink compressed mode is handled by DTX of any TTI in which a DTX slot falls

· For 2msec TTI, DL compressed mode is handled by DTX of any TTI in which a DTX slot falls

· An UL transmission is made in the UL TTI corresponding to the compressed DL E-HICH and NACK is assumed, leading to a further retransmission
· For 10msec TTI E-DPDCH, compressed frames are handled by “scheduling” for the first transmission 

· Offset during compressed frames to Node B E-DPDCH/DPCCH limit is set by the RNC for the case of 7 slots

· For other numbers of compressed slots, the RNC limit is updated by the UE as OFFSETN Slots (dB) = OFFSET7 slots + 10*log10 (N/7)

· For TFC selection, the DPCCH in non compressed frames is taken as the reference when considering E-DPCCH/DPCCH

· For actual transmission, the E-DPDCH/DPCCH ratio is scaled down to compensate for any increased DPCCH power in non DTX slots

· For 10msec TTI E-DPDCH, retransmissions should be handled using puncturing/repetition

· If the first transmission was compressed and the retransmission is not, then repetition of some slots is used

· If the first transmission was not compressed, then CM slots in the retransmission are simply DTXd

· SF reduction/increase could also be a viable alternative to puncturing/repetition

· The 10msec TTI E-DPCCH should be transmitted during non compressed slots with a power increase. Depending on the power increase on DPCCH, E-DPCCH/DPCCH should be adjusted
· For 10msec TTI DL, the UE should receive E-HICH during compressed frames during the non compressed slots. The Node B may apply a larger amount of power to such E-HICH transmissions to maintain reliability
Regarding the interaction between compressed mode and TFC selection, we would suggest communicating to RAN2 that a procedure in which the TFC selection is altered in CM frames (i.e. reduced E-DPDCH/DPCCH) limit is useful for maintaining the efficiency of the air interface.
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