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1 Introduction

CRs for CPC were approved by RAN1 at RAN1#47. In the agreed CR for 25.214 [1], the following is specified with regard to the interaction between compressed mode and the discontinuous uplink DPCCH transmission operation and discontinuous downlink reception:

“Compressed mode will be applied as described in subclauses 6A.3 and 6B.4. The discontinuous uplink DPCCH transmission operation described in 6C.2 shall be autonomously disabled in the radio frames containing compressed mode gap (i.e. at least 8 slots shall be transmitted in each compressed frame). In all other radio frames during the compressed mode operation the discontinuous uplink DPCCH transmission operation shall be applied as indicated in 6C.2.”

The effect of this is that compressed mode operates exactly as in Rel-6 in the compressed frames. However, it also means that if a compressed mode gap occurs within a CPC transmission gap, then an unnecessary transmission will take place in the slots of the compressed frame that are not in the compressed mode transmission gap, even if the UE has no data to transmit. This clearly interrupts the “off” periods of the discontinuous transmission/reception operation, and adversely impacts the battery-saving gains for the UE and the interference rise for the network. 

It is therefore desirable to investigate whether an improved coexistence between CPC and compressed mode can be achieved. 

2 Constraints

The signalling of compressed mode transmission gap pattern sequences was designed to be very flexible. The primary reason for this is that the length and frequency of occurrence of the gaps is not a function of the UTRA system, or even solely of the UTRA terminal implementations, but is dictated by the design of other systems on which the WCDMA terminals may have to make measurements. For example, the transmission gap patterns that are suitable for handing over to a GSM system are governed by factors such as the availability of certain information on the broadcast channels of the GSM cells. Moreover, it may be necessary in the future to perform measurements on systems which are as yet undefined, and it would not be desirable to have to make radical changes to the way in which measurement gaps may be configured and signalled for every new system. 

Consequently, in discussing the way forward for CPC in Rel-7, it is important to keep the design and configuration of the measurement gaps completely independent from the discussion of the L1 methods that are used for generating the gaps by ensuring that transmission / reception does not take place when a measurement gap is required. 

As a matter of principle, it should therefore be possible with CPC to ensure that transmission / reception can be avoided during the measurement periods which may be defined by the existing transmission gap pattern sequence signalling, regardless of whether or not L1 “compressed mode” features (such as SF/2 and certain L1 parameter details) are used.
 

3 Discussion

With regard to the uplink, it is defined that the discontinuous transmission/reception operation of “CPC mode” cannot take place when any dedicated channels are configured. Many of the traditional “compressed mode” features, such as SF/2 and special power control operation were designed with circuit-switched services in mind, where the aim was that a given quality target for a fixed data rate should (as far as possible) be met continually. These features therefore remain appropriate to the operation of dedicated channels. 

However, with the transition to a packet-switched model using E-DCH and HSDPA, the methods used to generate the necessary measurement gaps can be rather different. This is already reflected in the operation of the 2ms TTI E-DCH in conjunction with measurement gaps, when the UE simply avoids transmitting E‑DCH during any TTI which fully or partly overlaps a measurement gap. This may result in transmission gaps which are longer than are strictly required for the relevant measurements, but as the 2ms TTI is relatively short, the impact is not serious. 

3.1 2ms TTI

For 2ms TTI, it is straightforward and obvious to combine this Rel-6 E-DCH behaviour with “CPC mode”, such that the E-DPCCH and E-DPDCH would not be transmitted in any TTI which partly or fully overlapped with a measurement gap defined by the existing “compressed mode” signalling. 

For the DPCCH, it is logical to transmit any slot that is indicated for transmission by the “Uplink DPCCH Transmission Pattern” of “CPC mode” provided that the slot does not fall into a measurement gap defined by the existing “compressed mode” signalling. The DPCCH would not be transmitted in any slot which did fall into a measurement gap defined by the existing “compressed mode” measurement gap signalling.

3.2 10ms TTI

For 10ms TTI, it was considered in Rel-6 that forbidding the transmission of E-DCH in any TTI which partly overlapped a measurement gap would create an unacceptable reduction in throughput: for example, if a 10ms TTI overlapped a measurement gap by just one slot, the measurement gap would effectively be increased by 14 slots as far as the data is concerned. As most of the measurement gaps in practice are less than 7 slots, such a large impact on the data transmission seems unreasonable, and this would also be true with “CPC mode”. 

The Rel-6 behaviour with 10ms TTI therefore involves reducing the selected E-TFC in a TTI that overlaps a measurement gap, so that a smaller amount of data can be transmitted using the slots that do not overlap the gap. 

We see no reason why the Rel-6 behaviour with 10ms TTI should not be applied also when discontinuous uplink DPCCH transmission operation is active. This would imply that for any E-DCH TTI indicated for transmission by the “Uplink DPCCH Transmission Pattern” of “CPC mode” which overlapped a measurement gap, only the slots which did not overlap the measurement gap would be transmitted.  

3.3 Summary for 2ms and 10ms TTI

If the behaviour described above is adopted, we would see no need for any additional uplink transmissions to take place beyond what is indicated by the discontinuous DPCCH uplink transmission operation pattern. In other words, the configuration of a measurement gap pattern during “CPC mode” would either not affect the transmission pattern or reduce the amount of transmission, but never increase it.  

3.4 Other aspects

3.4.1 Layer 1 parameters

Certain L1 parameters seem unnecessary for the case when the UE is in “CPC mode” (an informal term, by which we mean the higher-layer status variable “DTX_DRX_mode” = TRUE). These are:

· UL compressed mode method: The methods for generating the uplink compressed mode gap are spreading factor division by two or higher layer scheduling and are described in TS25.212;

· DL compressed mode method: The methods for generating the downlink compressed mode gap are spreading factor division by two or higher layer scheduling and are described in TS25.212;

· downlink frame type: This parameter defines if frame structure type 'A' or 'B' shall be used in downlink compressed mode. The frame structures are defined in TS25.212;

· scrambling code change: This parameter indicates whether the alternative scrambling code is used for compressed mode method 'SF/2'. Alternative scrambling codes are described in TS25.213;

· RPP: Recovery Period Power control mode specifies the uplink power control algorithm applied during recovery period after each transmission gap in compressed mode. RPP can take 2 values (0 or 1). The different power control modes are described in TS25.214;

· ITP: Initial Transmit Power mode selects the uplink power control method to calculate the initial transmit power after the gap. ITP can take two values (0 or 1) and is described in TS25.214;

While these parameters may be unnecessary when DTX_DRX_mode=TRUE, it must be remembered that it would be possible to configure a compressed mode pattern when a DCH is configured, then deconfigure the DCH and set DTX_DRX_mode=TRUE (at which point the above parameters become unnecessary but the measurement gap pattern remains valid), and later reconfigure a DCH, at which point DTX_DRX_mode is set to FALSE and the above parameters become valid again. 

Therefore there would seem to be no benefit in modifying the RRC signalling so that the above parameters cannot be signalled when in CPC mode, because they could be needed immediately on termination of CPC mode. 

Therefore we propose that the following is noted in the specifications:

While DTX_DRX_mode=TRUE:

· “UL compressed mode method”, “DL compressed mode method” and “scrambling code change” have no effect;

· The UE shall behave as if “downlink frame type” is ‘A’, RPP=0 and ITP=0.

3.4.2 Signalling

One possible question is whether it is necessary to signal measurement gap patterns at all in CPC mode, or whether by careful selection of the CPC mode parameters it would be possible to create transmission gaps which are sufficient for the desired purposes. 

Although it may be possible to create transmission gaps which are suitable for the required measurements in some situations, such an approach would require re-analysis of all the compressed mode patterns that have for a long time been agreed, and this is not practicable in the Rel-7 timeframe. Furthermore, the scenario indicated above, where a UE may be switched in and out of “CPC mode” while a measurement gap pattern remains configured and valid, means that such an approach would not be workable. 

Conclusions

In this document we have discussed the interactions between “CPC mode” and “compressed mode”.

We propose:

· The Rel-6 E-DCH behaviour for compressed mode is also applied for CPC, for both 2ms and 10ms TTI. This means that no additional uplink transmissions would take place beyond what is indicated by the discontinuous DPCCH uplink transmission operation pattern. In other words, the configuration of a measurement gap pattern during “CPC mode” would either not affect the transmission pattern or reduce the amount of transmission, but never increase it.

· For 2ms TTI, the E-DPCCH and E-DPDCH would not be transmitted in any TTI which partly or fully overlapped with a measurement gap defined by the existing “compressed mode” signalling. 

· For 10ms TTI the selected E-TFC is reduced in a TTI that overlaps a measurement gap, so that a smaller amount of data can be transmitted using the slots that do not overlap the gap. 

· The following should be noted in the specifications:

While DTX_DRX_mode=TRUE:

· “UL compressed mode method”, “DL compressed mode method” and “scrambling code change” have no effect;

· The UE shall behave as if “downlink frame type” is ‘A’, RPP=0 and ITP=0.
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� Note also that within the large set of available measurement gap patterns, certain “reference patterns” have been identified in RAN4 as being particularly useful for the measurement purposes that are known to be important today. If the principle identified above is adhered to in designing the interaction between CPC and the measurement gaps, then it follows that the “reference patterns” identified by RAN4 will not be impacted by CPC mode. 





