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1. Introduction

In RAN4#42, Nokia presented a CR on RRM requirements for 25.133 regarding intrafrequency measurements when CPC DRX is possible. This CR was not accepted, and the purpose of this discussion paper is to present further analysis and present a different proposal for how to define the intrafrequency measurement requirements.

2. Overview of CPC DRX feature

The DRX feature of CPC is intended to allow the possibility for UEs to switch off their receiver during periods of inactivity to make power savings possible. We believe that it is important that the intrafrequency measurement performance requirements do 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 feature.

In this section, we present some analysis of the kind of DRX ratios which are at least theoretically possible with the DRX feature of CPC and conclude that it would be possible for quite low activity to be configured in the UE, depending on the signalled parameters and configuration.

The  UE needs to enable reception to receive any of the following channels

· HS-SCCH : At least one subframe needs to be received from the HS-SCCH every UE CPC DRX cycle. From 25.331, the longest possible DRX cycle is 20 subframes meaning that from this aspect, an inactivity ratio of 5% is possible
· HS-PDSCH : The UE needs to receive the HS-DSCH as indicated by the HS-SCCH. In the case of no downlink HSDPA activity there may be no subframe to receive from the HS-DSCH when the HS-SCCH is decoded, and the inactivity ratio could remain at 5% due to this aspect.
· E-AGCH : In the extreme case, and depending on the setting of UE_DRX_Grant_Monitoring, it may not be necessary to monitor  the E-AGCH during periods of E-DCH inactivity and when the UE has no scheduled data in any MAC-d flow buffer for transmission 
· E-RGCH : In the extreme case, and depending on the setting of UE_DRX_Grant_Monitoring, it may not be necessary to monitor  the E-RGCH during periods of E-DCH inactivity and when the UE has no scheduled data in any MAC-d flow buffer for transmission
· E-HICH : This shall not need to be received when the UE has not made any E-DCH transmissions, and does not need to receive the corresponding ACK/NACK indications

· F-DPCH : This is required to be received in downlink slots corresponding to slots when the UE is transmitting DPCCH on the uplink. Therefore it can be seen that the UE receiver must necessarily be active whenever the transmitter is active. Therefore, it is also necessary to analyse how inactive the transmitter could possibly be in the extreme case also.
The minimum corresponding transmission activity can occur under the following conditions:

· DTX_Cycle_1 or DTX_Cycle_2 is active with the a cycle length which is equal to, or a multiple of the DRX_Cycle (20 subframes)

· UE_DPCCH_Burst_1 or UE_DPCCH_Burst_2 is set to 1 subframe

· CQI reporting is completely disabled (CQI Feedback cycle, k=0)
· No data is available in the UE to be transmitted on EDCH, and EDCH scheduling info is set to “no report”
Based on this, we believe that it is possible that the overall UE DRX may be as low as approximately reception of 1 subframe  every 20 subframes. (2ms on followed by 38ms of inactivity) or 5%. It should be emphasised that an extreme set of signalled parameters and E-DCH/HSDPA inactivity is required to generate this level of DRX, and for most normal scenarios, or with less extreme parameter settings, the UE receiver could be expected to be much more active. If CQI reporting is not totally disabled (CQI Feedback cycle, k≠0) then the 3 slot reference period for the CQI estimation would further reduce the possibility to perform DRX.
Nevertheless it seems entirely possible that the UE receiver could be active for 50% of the time, or possibly even less, even with VOIP service activity.
3. Implications to intrafrequency measurements

As we have shown, it is at least theoretically possible for the UE receiver to be rather inactive in certain CPC configurations and scenarios. Since the DRX aspect was introduced to the CPC work item to reduce UE power consumption, we believe that it is important not to compromise the power saving opportunities by specifying RRM requirements in such a way that the UE needs to keep its receiver active just to make intrafrequency measurements.

Considering the impact to UE CPICH measurement capability, the current requirements for this are reproduced from 25.133 (not considering the CPC DRX case) :

8.1.2.2.2
UE CPICH measurement capability 

In the CELL_DCH state the measurement period for intra frequency measurements is 200 ms. When no transmission gap pattern sequence is activated, the UE shall be capable of performing CPICH measurements for 8 identified-intra-frequency cells of the monitored set and/or the active set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms. When one or more transmission gap pattern sequences are activated, the UE shall be capable of performing CPICH measurements for at least Ymeasurement intra cells , where Ymeasurement intra is defined in the following equation. The measurement accuracy for all measured cells shall be as specified in the sub-clause 9.1.1 and 9.1.2. If the UE has identified more than Ymeasurement intra cells, the UE shall perform measurements of all identified cells but the reporting rate of CPICH measurements of cells from UE physical layer to higher layers may be decreased.
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Xbasic measurement FDD = 8 (cells)


TMeasurement_Period Intra = 200 ms. The measurement period for Intra frequency CPICH measurements.


TIntra : This is the minimum time that is available for intra frequency measurements, during the measurement period with an arbitrarily chosen timing.


Tbasic_identify_FDD, intra = 800 ms. This is the time period used in the intra frequency equation where the maximum allowed time for the UE to identify a new FDD cell is defined.

The UE shall furthermore be capable of performing CPICH measurements for at least 1 detected intra-frequency cell, in the detected set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 10 s. The measurement accuracy for all measured cells shall be as specified in the sub-clause 9.1.1 and 9.1.2.

Our proposal is that CPC DRX is handled in a very similar way to transmission gap patterns due to compressed mode. In the compressed mode case, the number of detected cells which the UE is capable of measuring is reduced from 8 to Ymeasurement_intra as given by the equation.
For 5% receiver activity ratio, the ratio Tinta/Tmeasurement_intra will also be around 5% and it is possible that Ymeasurement_intra= Floor (0.05*8) = 0. However, in this case the current requirement still states  that “If the UE has identified more than Ymeasurement intra cells, the UE shall perform measurements of all identified cells but the reporting rate of CPICH measurements of cells from UE physical layer to higher layers may be decreased.”
This hopefully presents some insight into why Nokia proposed in [1] simply to increase the measurement period. However, on further consideration, we believe that such low UE receiver activity will not be a normal scenario in CPC, and it might be better to handle the gaps in intrafrequency reception due to CPC in exactly the same way as the gaps in reception due to compressed mode. 

Clearly, in the worst case this might result in a rather slow reporting rate to the higher layers (for example 200ms reception time with 5% activity factor corresponds to 4 seconds of real-time, so if 8 cells are detected, then the worst case reporting rate to the higher layers might be of that order. However, it is important to remember that this is for an extreme CPC configuration, and only during periods of total HSDPA and EDCH inactivity.  This mode of operation could be thought of as a kind of semi-idle state  and the measurement reporting rate to the higher layers is not dissimilar to the Tevaluate times that apply to idle mode reselections  (although there is also some 5% uplink activity due to DPCCH transmission so this state is not completely akin to idle mode).
Should this proposal not be acceptable to RAN4, then it seems probable that the UE will need to keep the receiver more active than the CPC parameters alone would suggest, and at least some of the reception time may be spent making intrafrequency measurements with no other call for the receiver to be active. It would seem unfortunate if the UE were not able to make full use of the long DRX cycles completely for the power saving purposes that they were intended for.
There is an additional requirement that  “The UE shall furthermore be capable of performing CPICH measurements for at least 1 detected intra-frequency cell, in the detected set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 10 s.” Our view of this requirement is that due to the relatively long 10s measurement period, it may still be possible to meet this detected set requirement with 5% receiver  activity, whilst not unduly increasing UE power consumption.
4. Implications to intrafrequency cell detection

Similarly, compressed mode gaps are accounted for in cell detection with the same factor Tinta/Tmeasurement_intra as the following requirement from 25.133 indicates:
The UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within 
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In this extreme case, this corresponds to a Tindetify_intra of 16 seconds. Again, we consider that this may still be acceptable, given that this high RX inactivity state is in some ways analogous to an idle state, and if either uplink or downlink became significantly active then newly detectable cells would be identified shortly after the HSDPA or EDCH activity started up again (for example 800ms later, depending on how much activity there is, and what the inactivity thresholds are set to).
5. Proposal and Conclusions
We believe that CPC DRX may be accounted for in CPICH measurement requirements by careful definition of the Tintra term in section 8.1.2.2.2 of 25.133. Provided that it is clarified that Tintra accounts for lost reception time due to CPC DRX as well as compressed mode gaps, the basic methodology can be similar to the handling of compressed mode.
We have noted that in the most extreme scenarios, this may lead to quite long cell identification times and CPICH L1 measurement periods. However, we have also noted that these scenarios are more akin to idle operation (although there is also a small amount of uplink DPCCH transmission) and it does not necessarily seem appropriate to compromise the potential power savings of CPC DRX to provide very rapid cell identification, and to be able to measure the CPICH of cells in a short measurement period for this case.

However, we would welcome feedback on this issue, because it corresponds to a tradeoff between intra frequency mobility performance and power consumption.
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