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1 Introduction
At RAN4 #43 a proposal was made in [1] to reduce the UE intra-frequency measurements requirements when CPC downlink DRX is enabled. The principle suggested was that the intra-frequency measurement requirements should not create an implicit requirement for a UE to keep its receiver active more than would be expected from the CPC DRX rules that RAN1 has defined, as this would limit the power saving opportunities, and reduce the value of the CPC DRX feature.

Note that simply adding more parallel resources to perform measurements faster will not alleviate the problem of identifying new cells fast enough, as this requires operation on the synchronization channel (SCH) which only appears at a slow and fixed rate.

The proposal made was that CPC DRX should be handled in a very similar way to transmission gap patterns in compressed mode (CM).

In this document, we suggest an alternate proposal where CPC DRX intra-frequency measurements are handled more similarly to the approach taken during Idle DRX. This approach is suggested because of concerns regarding the impact on mobility/handoff robustness that arise from the proposal in [1], which are described below.
2 Handling CPC DRX Similar to CM
In [1] and [2] it is proposed to handle intra-frequency measurements during CPC downlink DRX in a similar manner to CM, where the CM out of gap time will be replaced by the CPC DRX ON time, and the CM cycle will be replaced by the CPC DRX cycle.
This approach would allow the UE to perform the intra-frequency measurements up to 20 times slower then in normal (non DRX) mode, and can allow the UE to completely shut off all non-required circuitry to minimize its power consumption during DRX.
In terms of minimizing the power consumption this approach is ideal, since it allows the UE to turn on the reception circuitry only during the time it is required to actually receive data.
This approach, however, presents a problem for the mobility of the UE. Since the measurements and identification of new cells will be done slower (up to 20 times slower, or 7.5 times slower if the "basic" identification time is reduced from 800ms to 300ms), the UE might not be able to identify new cells and changes in reception levels of identified cells fast enough, and as a result it might lose the connection with the network. This is less of a problem for CM since in CM the slowdown will be less then 2 fold. As a result, for example, the mobility/handoff capabilities of a UE in an HSPA CPC voice call might be significantly inferior to those of a circuit-switched voice call.
Another possible problem concerns the stage 2 portion of the cell identification process: 

The UE_DRX_cycle defined in 25.331 can obtain the values of 4,5,8,10,16, 20 TTIs. The value of 5 for example, means the UE will receive 3 slots every 15 slots. Thus, for this case, in stage 2 of the cell identification process, (which is based on secondary SCH), the UE will always receive the same 3 SCH symbols out of a sequence of 15. With the full 15 slots cycle, the minimum distance between 2 sequences is 13 out of 15, but if the codeword length reduces to only 3, the minimum distance will be 1.
This problem exists in case UE_DRX_cycle is either 5,10 or 20 TTIs.
This will significantly impact stage 2 performance, and we believe the requirements need to take this into account; thus the identification of a new cell may need to be increased by much more then the activity factor if searching is only done when the UE is receiving data.
It should also be noted that identifying cells fast enough is particularly important for the HSPA CPC connection, since it does not enjoy the full macro-cell diversity that is attained by soft handover in a DCH connection.
3 Handling CPC DRX Similar to Idle DRX
An alternative solution can be to use a mechanism similar to that used in Idle state during DRX, where intra-frequency measurement requirements are dependent on reception conditions. In this case the NW may provide the UE with a Sintra parameter in terms of Ec/Io or RSCP threshold. As long as the cell selected by the UE is received with an Ec/Io level above Sintra, the UE is not required to measure other intra-frequency cells. When this condition is no longer met, the UE will start measuring other cells.

One difference between Idle and CPC is that in Idle there is only one cell used by the UE for decoding, whereas in CPC the FDPCH, HICH and RGCH may be received from multiple cells. Thus it may not be enough for the UE to receive a single cell when in CPC mode.
To overcome this problem, we propose signaling a CPC-Sintra threshold and a CpcMeasurementActivity factor from the network to the UE. 
When the Ec/Io reception level of the strongest monitored cell in the active set is above CPC-Sintra threshold, the UE identification time requirement would be the “basic identification time” (e.g., 300 ms) divided by CpcMeasurementActivity; if the reception level is below the CPC-Sintra threshold, the UE identification time requirement would be equal to the standard “basic identification time”. 
Similarly, when the Ec/Io reception level of the strongest monitored cell in the active set is above CPC-Sintra threshold, the UE shall be capable of performing CPICH measurements for at least Ymeasurement intra cells during 200 ms; if the reception level is below the CPC-Sintra threshold, the UE shall be capable of performing CPICH measurements for at least Xbasic measurement FDD cells during 200 ms. 
Where

Xbasic measurement FDD = 8 (cells)
Ymeasurement_intra= Floor(Xbasic measurement FDD * CpcMeasurementActivity)
This approach provides good flexibility and control to the network operator to enable the appropriate level of UE power savings that can be safely achieved without impacting UE mobility performance. This approach can also easily implement what is suggested in [1] when reception conditions are good – that is, the CpcMeasurementActivity can simply be set to the CpcActivityFactor. 
A possible extension of this proposal can be to use 2 (or more) thresholds for the CPC-Sintra and assign 2 CpcMeasurementActivity values with them. This can allow a more graceful degradation in the power consumption with the degradation in channel conditions. For example, it may allow the UE to perform measurements at a very slow speed when reception conditions are extremely favorable.
The exact values of CPC-Sintra threshold and a CpcMeasurementActivity factor that will be used during the performance tests should be agreed upon by RAN 4.
It is important to note that the problem of stage 2 for UE_DRX_cycle of 5,10 or 20 TTIs should still be handled by the UE vendor in order to receive enough data to meet the required measurement activity.
4 Conclusions
We have described some concerns with basing the UE measurement requirements in CPC downlink DRX mode on the approach used for Compressed Mode. We have further proposed a method to enable the network to control the CPC DRX UE measurement requirements, which would be a function of reception conditions. This approach would require some minor additional higher layer signalling to the UE. 
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