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1. Introduction

In the last RAN WG1 meeting one contribution [1] highlighted the interdependencies of compressed mode and HSDPA. While the details of this contributions were left for further study, in particular the question whether the formulation might be too restrictive and the exact wording to be used in the specification, the conclusion from [1] was generally agreed (see [2]): During compressed frames (or gaps) on the DCH there is no HS-DSCH activity for the UE (including signalling in DL/UL), exact details to be defined later. (Note: Compressed mode is applied on DCH only). There is an other contribution [3] which is in contradiction to this agreement by suggesting compressed mode operation for the QI. As we don’t see a clear incentive for compressing the QI we propose to avoid the extra complexity of such an implementation.

This contribution proposes how to restrict the scheduling of HSDPA transmissions in order not to compromise compressed mode operation and still sacrifice as little HSDPA throughput as possible. At the same time a compact formulation to be used in the Technical Report [4] and the working CR for the specification 25.212 [5] is proposed, including a text proposal.

2. Restrictions on HSDPA transmission due to downlink compressed mode

The restrictions which have to be accepted for (downlink) HSDPA transmission are actually quite simple to describe: During the gaps provided by compressed mode, the UE is free to tune to other frequencies and therefore cannot (and consequently also needs not) receive any signals on its currently assigned frequency. We therefore propose to specify exactly this simple fact. 

Admittedly the arithmetic in the most general case, which TTIs would be allowed or disallowed will be somewhat more  involved. In the contribution [1] a proposal has been made, but as neither the offset of the DPCH against the HS-DSCH and HS-SCCH nor the specific details of the compressed mode patterns or the different frame structure types have been taken into account, it is unclear whether this approach is generally applicable. Anyhow we don’t have to strive for such a general formula if we can also state the above mentioned simple fact. 

For any given offset and for given parameters of the compressed mode, it will be quite easy to calculate whether HS-SCCH or HS-DSCH overlap with the gap. Note that an overlap is already given if any single chip of the HSDPA transmission would overlap with a any single chip of the gap. Further more, because the HI transmission always fully overlaps the corresponding HS-SCCH transmission, it is sufficient to consider only the latter.

3. Restrictions on HSDPA transmission due to uplink compressed mode

The restrictions due to uplink compressed mode are somewhat different, because it is not the downlink HSDPA transmission that is causing the trouble but the uplink ACK/NACK transmission. Of course, during the gaps for uplink compressed mode, the UE is not able (and therefore not requested) to transmit anything, in particular not the ACK/NACK signal. However, this does not strictly speaking rule out the possibility for the Node B to transmit an associated downlink HSDPA transmission before of the gap. 

The only restriction a Node B has to take into account is the fact, that it cannot expect the UE to transmit either ACK or NACK in response to this HSDPA transmission. As a consequence, the Node B will not get an information about whether the UE has correctly received the packet an will therefore have to retransmit the packet in any case. At first sight this may look like a waste of resources, but actually the throughput can be increased: The Node B will not use a MCS (Modulation and Coding Scheme) for which there is a fair chance that the UE will decode the initial transmission, but it will use a MCS where the second transmission has such a fair chance. Then of course the initial transmission will have a rather low success probability, which means the ACK/NACK signal that is lost (more precisely that is not sent) due to the uplink compressed mode gap is most likely a NACK signal, so the information would anyhow be redundant. Note that the scheduler is anyhow free to always use such an operating point, which also has the advantage of increased time diversity due to combination of two transmissions at different times. The throughput of a higher MCS with retransmission is anyhow very similar to the throughput of a MCS carrying half as much payload for an initial transmission. If this scheme is employed, uplink compressed mode does not degrade the throughput of an HSDPA session. 

From a specification point of view it is again easy to specify such a behaviour: The detailed operation of the scheduler in the Node B is of course out of the scope of the specification but will be vendor specific. All that needs to be specified, is the fact that the UE is not requested to transmit an ACK/NACK signal that overlaps an uplink compressed mode gap. Note that again not even a single chip of overlap is allowed. As a consequence, it will be invisible from the outside, whether the UE could correctly decode the HSDPA transmission and therefore the UE does not even have to attempt to decode this packet, all it has to do is store the soft decision values in the virtual UE buffer where they will be combined with the next transmission which will then be processed as usual.

4. Restrictions on QI transmission due to uplink compressed mode

Similar restrictions due to uplink compressed mode as for the ACK/NACK signal of course also affect other uplink HSDPA transmission, i.e. the Quality Indicator (QI) transmission. Again, during the gaps for uplink compressed mode, the UE is not able (and therefore not requested) to transmit anything, in particular also not the QI transmission. 

The QI transmission is intermittent anyhow due to the measurement feedback cycle (even if it is possible to request the UE to transmit a QI in every TTI as a special case). Further more the Node B anyhow has to cope with corrupted or undecodable QI transmissions, so no special actions or provisions are expected to be necessary for the QI transmission. Further more, if a QI was transmitted in some kind of compressed mode as suggested in [3] it would naturally require a power boost just like ordinary compressed mode. This power boost would coincide with the power boost which is already necessary for the ordinary uplink DPCH, making matters even worse. We therefore propose to postpone the QI transmission to the next feedback cycle rather than trying to squeeze it in disregarding all disadvantages. If only a subset of the QI information is transmitted that may reduce the required power boost but at the same time compromise the incremental gain such an incomplete information may give. 

As a consequence, the QI transmission, can simply be omitted if there is a collision with an uplink compressed mode gap. Note again that even a single chip of overlap is not allowed.

5. Restrictions due to simultaneous uplink and downlink compressed mode

If both uplink and downlink compressed mode are activated at the same time, or if multiple compressed mode patterns are activated, then the restrictions due to the individual gaps exist in parallel. This means a downlink or uplink transmission is only feasible, if it is compatible with all the gaps.

From a specification point of view this doesn’t need to be highlighted explicitly because it is generally the case that an implementation has to adhere to all sections of the specifications and not only to a subset that may be more pleasant to adhere to. 

6. Conclusion 

While the specification of the interaction of compressed mode with HSDPA operation looks quite complicated at first sight, the necessary rules can actually be incorporated quite simply into the specifications. A corresponding text proposal for the TR and the working CRs for the actual specification is provided in chapter 8.
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8. Text proposal for TR 25.858 and the working CR for 25.212

It is proposed to specify the behaviour of  the UE in a new section of 25.858 and the specification 25.212. The decision which chapter number to use is left to the editors to get a coherent appearance.

X. 
Operation of HSDPA during compressed mode

The Node B shall not schedule a HSDPA transmission for a UE which is using compressed mode, if part of the HS-SCCH information or the corresponding HS-DSCH TTI overlaps with a gap of downlink compressed mode.

If a part of an ACK/NACK signal overlaps with a gap of uplink compressed mode, the UE is not requested to transmit it. Instead, the UE may DTX the affected timeslot on the uplink HS-DPCCH. Further more the UE does not need to attempt to decode the transmitted packet, but is only requested to store the data of the corresponding HS-DSCH TTI in the virtual UE buffer to be able to combine them with data sent in subsequent TTIs. 

The UE is not requested to transmit a Quality Indicator signalling, if a part of it overlaps with a gap of uplink compressed mode. Instead the UE may DTX the affected timeslots on the uplink HS-DPCCH.

Apart from those rules, no modification or compression is applied for the transmission of any of the HSDPA channels (neither common nor dedicated) in the vicinity of a compressed mode gap.
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