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1. Introduction

The WCDMA specifications allow for transmission gaps in the downlink and/or uplink in order to handle inter-frequency/intersystem handover. Any extension to WCDMA must be fully compatible with these transmission gaps. For HSDPA, compressed mode was solved through scheduling. The UE is not supposed to receive any downlink data transmission or transmit any uplink ACK/NAK in the transmission gaps. Note that 2 ms is the only TTI value supported for HSDPA. For the enhanced uplink, a simple, yet efficient solution for handling compressed mode is required. This paper discusses some aspect with compressed mode and enhanced uplink. 

2. Transmission Gaps

Compressed mode is used to create transmission gaps in both uplink and downlink. Uplink transmission gaps affect the E-DCH transmission, which obviously shall not take place during a gap. Downlink transmission gaps affect the reception of ACK/NAK.

It is preferable if the UE does not need to take the compressed more pattern in future (sub)frames into account when processing a (sub)frame. This simplifies the UE processing and avoids any exceptions due to reconfiguration of compressed mode patterns. Furthermore, it is preferable that the UE does not exceed the transmission power limit set by the scheduling grants in a compressed frame, i.e., the at most the same power as in a non-compressed frame can be used for the E-DPDCH. The E-DPCCH does not constitute a major part of the total transmission power and an increase in E-DPCCH transmission power in compressed frames is acceptable.

2.1. 2 ms TTI

In case of 2 ms TTI, it is proposed to handle transmission gaps due to compressed mode on the R99 channels in the same way as for HSDPA, i.e., higher layer scheduling.

Uplink compressed mode is handled such that the UE shall not transmit data in a TTI which, fully or partially, overlaps with an uplink transmission gap. 

Downlink compressed mode affect the reception of the ACK/NAK. It is proposed that the UE does not apply any special processing for DL transmission gaps. The absence of ACK/NAK signaling will be interpreted as a NAK (note that a dual-receiver UE will be able to receive the ACK/NAK).

2.2. 10 ms TTI

In case of 10 ms TTI, the situation is a bit more complicated and two different solutions can be envisioned for compressed uplink frames.

2.2.1 Uplink Transmission Gaps – Alternative 1

A simple approach for uplink compressed mode is to process and transmit data in a compressed frame in the same way as for non-compressed frame, except that slots in the transmission gap are DTXed. No difference is made between original transmissions ad retransmissions. If transmission gaps occur relatively rarely, this does not lead to a significant loss in throughput. Hybrid ARQ retransmissions will handle those cases when the Node B cannot decode a compressed frame. To ensure successful decoding of the E-DPCCH even in compressed frames, the power of the E-DPCCH is increased in compressed frames.

2.2.2 Uplink Transmission Gaps – Alternative 2

If transmission gaps occur frequently, the loss in throughput due to compressed mode is larger. If this is not acceptable, original transmissions need to be treated differently in compressed and non-compressed frames. In compressed uplink frames, the transport block size is scaled proportionally to the number of non-transmitted slots in the frame, followed by coding and transmission in the non-compressed slots. The E-DPDCH transmission power is not changed compared to a non-compressed frame. 

· Example: Assume that the transmission power P and transport block size S would be selected if the frame was not compressed. As the frame is compressed, the transport block size is S( n/15 (rounded down to nearest supported size) and the transmission power P, where n is the number of slots transmitted in the compressed frame. 

In essence, a smaller payload is transmitted in the compressed frame, but with the same SF and number of codes as the larger payload in a non-compressed frame. As the E-DPCCH indicates the payload, which is smaller in a compressed frame than in a non-compressed frame, all other assumptions equal, the mapping between the E-DPCCH and the number of channelization codes and their respective spreading factor is different in compressed and non-compressed frames.  The E-DPCCH transmission power needs to be increased to ensure successful decoding even in compressed frames.

Retransmissions are handled in the same way as described in Alternative 1 above.

2.2.3 Downlink Transmission Gaps

For the downlink ACK/NAK signaling, the signaling structure consists of five times repetition of the 2 ms structure. Slots not overlapping with the transmission gaps can be transmitted to provide the UE with an ACK/NAK and the Node B can set the transmission power appropriately to account for the reduced signaling duration.

3. Hybrid ARQ Control Signaling

It is proposed to determine the hybrid ARQ process number solely from the (sub)frame number, i.e., no special treatment due to the presence of compressed mode. Furthermore, the RSN shall be incremented, regardless of whether the retransmission could take place or not. This allows for the same E-DPCCH error-detection mechanisms to be used both in compressed and non-compressed frames.

4. Relative Grants

It has been agreed that relative grants relate to the data rate used in the previous TTI in the same hybrid ARQ process (the reference TTI).  When the UE is receiving a relative grant, it may happen that the reference TTI occurred in a (sub)frame affected by compressed mode. In principle, this is no different from a situation where the UE could not utilize the full grant due to lack of data. Therefore, it is proposed to handle this situation in the same way a non-compressed frames. This allows for a simple UE implementation. Note that the compressed mode pattern is known to the Node B and the scheduler can thus taken this information into account when taking the scheduling decisions.

5. Conclusion

The following UE behavior with respect to compressed mode is proposed:

· Uplink transmission gaps

· 2 ms TTI

· The UE shall not transmit data in a TTI, which partly or fully overlaps with an uplink transmission gap.

· 10 ms TTI

· The UE shall DTX the parts of the frame overlapping with uplink transmission gaps.

· Downlink transmission gap

· The UE shall receive the E-HICH slots not DTXed due the transmission gap and decode ACK/NAK using the normal procedures (note that lack of energy is interpreted as NAK). The definition allows a dual-receiver UE to process the E-HICH in the same way as in non-compressed frames. 

· Uplink hybrid ARQ control signaling

· The HARQ process number shall be determined from the (sub)frame number solely (i.e., no special treatment due to compressed mode).

· The RSN shall be incremented as if the retransmission occurred.

· Relative grants

· In case a received relative grant is relative to a TTI affected by compressed mode, no special handling is required, i.e., the relative grant should be considered to be relative to the actual transmission in that TTI.

