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1. Introduction

If the two neighbouring cells operate on a different carrier frequency, a terminal that does not have full dual receiver capability has to enter compressed mode in order to make measurements on the second frequency. In compressed mode the uplink and downlink transmissions are halted for a short time in order to allow the terminal to make the necessary measurements. 

RAN1 decided that for the 2msec TTI, uplink compressed mode TTIs will not be supported; i.e. if a TTI contains DTX slots due to compressed mode then the whole TTI will not be transmitted. However handling of compressed mode for the 10msec TTI was not concluded. Furthermore, a conclusion needs to be drawn on the handling of DL compressed mode.

2. UL compressed mode for the 2msec TTI
If a compressed mode gap falls during a 2msec TTI, then no transmission should be made for the whole duration of the TTI. If the TTI was due to be a retransmission, the retransmission should be made in the next available TTI for the same process.
3. UL compressed mode for the 10msec TTI
When the E-DCH TTI is 10msec, it is possible that some, but not all of a TTI will contain DTX slots. The UE may be permitted to transmit data in the remaining slots of the frame, or not to transmit any data during a radio frame containing DTX slots.

Procedure if a compressed mode frame falls on a first transmission

If the 10msec TTI is operated with a reasonably low initial BLER (10-20%), then a first transmission should be the dominant case.

UE does not transmit at all in compressed mode frames

If the UE is not allowed to transmit during compressed mode frames, there will be an associated loss of UL air interface utilisation during the frame unless the Node B allocates the resources to another UE. Furthermore, the achievable throughput for compressed mode UEs will be reduced, thus reducing cell edge throughput, user experience and fairness. 

Allocation of resources to another UE is undesirable since:

· Absolute grants would have to be employed; even for the 10msec TTI, this could be potentially quite wasteful of DL resource

· Re-allocating resource would be quite difficult as the Node B would need to identify another UE with a similar requirement for resource that has a “free” HARQ process at the right time and transmits near synchronously with the compressed mode UE

· The Node B scheduler would be further complicated as it would have to interact with compressed mode

If the resources are not re-allocated, then the variance of UL RoT would also increase.

UE is allowed to transmit during compressed mode frames

The UE could follow an existing physical layer compressed mode procedure; e.g. SF reduction. However following such a procedure requires an increase in transmit power during the non compressed part of the frame, leading to an increase in the variability of noise rise in the cell.
Alternatively, the subset of TFCs used in compressed mode could be restricted; either in absolute terms or relative to the grant status of the UE. For example, the TFC limit could be adjusted such that the interference level generated by the UE during the non DTX slots remains the same as for non compressed frames. If an absolute restriction on the TFC limit is imposed, this is similar to compressed mode handling by higher layer scheduling in Release 5.  A relative limit could be set by a delta set by higher layers, by the Node B or by a rule in the UE (for example, considering the ratio of DTX to non DTX slots in the frame)

Thus options for handling uplink compressed mode frames include:

· Use of the existing SF reduction procedure

· Use of the existing higher layer scheduling procedure (i.e. absolute TFC limit)

· TFC limit in compressed mode relative to the current Node B resource limit

· Delta set by higher layers

· Delta set by the Node B

· Delta calculated by the UE

Of these options, to maximise utilisation of the air interface whilst not causing additional RoT variation, a relative TFC limit seems most preferable. Preferably, the delta to be applied would be set by higher layer signalling, in order that the procedure remains similar to the Rel-5 higher layer scheduling.

The E-DPCCH will need to be transmitted using additional power during the non DTX slots in order to ensure that it is received with sufficient reliability.

Retransmissions should be transmitted using the same power per slot (or an appropriate Retransmission power reduction), but additional repetition since there will be additional slots in comparison with the first transmission.
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Procedure if a compressed mode gap falls during a retransmission
If the first transmission was not a compressed frame, fewer slots will be available for the retransmission. To avoid underutilisation of the air interface, at least those slots not affected by DTX could still be transmitted (with the same power per slot as would be used in the case of no compressed mode frame)
4. Downlink Compressed mode
Downlink compressed mode could lead to:

· The UE failing to receive absolute or relative grants

· The UE failing to receive ACK/NACK

For the 10msec TTI, the duration of E-HICH, E-RGCH and E-AGCH is not yet concluded. If the duration is set at 10msec, then it may be possible to transmit the E-HICH, E-RGCH and E-AGCH during slots of a radio frame that do not contain DTX, with an increased power. However, such a strategy would not function in conjunction with common grants.
If in the case of the 10msec TTI the grant/E-HICH channel durations are 2msec, it may be possible that although a frame is affected by compressed mode, the slots in which the ACK/NACK/grant information are transmitted are not DTXd. Even if some slots are DTXd, it may in theory be possible to identify other slots in the frame during which the DL information could be transmitted. However such an approach would complicate the timing structure and compressed mode behaviour. 

Therefore the following seems sensible:

· For 2msec E-RGCH, E-HICH and E-AGCH,  the rule could be that the UE is not required to receive ACK/NACK or grant information during any TTI that contains compressed mode DTX slots.
· For 10msec compressed frames, the Node B could transmit E-HICH, if it has sufficient power, during non compressed slots with increased power. However the UE should not be required to receive E-RGCH and E-AGCH during compressed frames.
Failure to receive a DL ACK/NACK would mean uncertainty at the UE as to whether the associated UL transmission has been received correctly. However to avoid underutilisation of the air interface and RoT variation, it would make sense for the UE to make such a transmission anyway and to assume a NACK from the Node B. In setting compressed mode patterns, the network planner could take into account degradations due to ignoring ACK/NACK from the Node B.

5. Conclusions
Recommendations are therefore as follows:
UL compressed mode:

· For the 2msec TTI, do not transmit during a TTI that contains DTX slots (as already agreed)

· If this leads to DTX of a retransmission, the retransmission should be made during the next available TTI of the same process

· For the 10msec TTI, allow the UE to transmit during non DTX slots in compressed mode frames. However, for a first transmission set a reduced TFC limit for such frames that is relative to the current Node B grant.

· The delta for the limit should be set by higher layer signalling

· E-DPCCH is transmitted during non compressed slots with additional power

· Retransmissions of a compressed mode first transmission are transmitted during all slots, with additional repetition and the same amount of power per slot

· Retransmissions in compressed mode frames for a first transmission that was not in a compressed mode frame should contain at least those slots of the first transmission that are not DTX
DL compressed mode:

· The UE should not receive 2msec E-HICH or 2 or 10msec E-AGCH/E-RGCH if any slot within the duration of a transmission is DTX

· For a 10msec E-HICH transmission containing DTX slots, the Node B should transmit E-HICH during non compressed slots with increased power.

· However the UE should make UL transmissions in the case that a DL ACK/NACK is not expected due to a compressed frame.
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