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1. Introduction
The requirements for 4 and 5 DL CA are under discussion in Rel. 13. In order to enable such deployments the RRM core specifications must also be finalized. Some requirements were already agreed in past meetings, in this paper we further discuss the proposal to relax the intra-frequency measurement requirements for some activated SCells.
2. Discussion

The proposal to relax the intra-frequency measurement requirements for the 3rd and 4th SCell in connected active mode was discussed in [2],[3], [4], [5]. In this paper we further elaborate on this issue. We try to analyze both the power consumption/complexity impact on the UE and some system aspect.

2.1. UE power consumption and complexity aspects
In [4] a brief analysis of the power consumption impact. It was shown that comparing with the case of extending the measurement requirements based on the current rules savings up to 40% in the overall power spent on measurements can be achieved. The relative power consumption of the measurements performed by the UE is shown below.

	Measurement cycle (ms)
	160
	320
	640
	1280

	Power Consumption (X)
	3.5
	3.25
	3.125
	3.0625

	Power consumption savings compared to no relaxation (%)
	30
	35
	37.5
	38.75


Table 1. Power consumption gains with relaxed measurements

In Rel. 8 the basic assumption for measurement was that PSS/SSS duty cycle is 40ms and in order to measure 8 cells, 2 cells can be measured in each of the 4 subframes that are guaranteed not to be MBSFN. Overall, one PSS/SSS search and one RSRP measurement sample for one frequency can be processed in 1 frame. Based on this assumption, the same searcher hardware can be shared among 4 CCs but not among 5. In order to accommodate a 5th CC, more hardware would have to be added. If the proposal to relax the measurement requirements for 4th and 5th CC is adopted, there is no need for additional hardware. It should be noted that besides the additional operators (e.g. multipliers), memory also has to be added. Any increase in memory leads to dye size increase and power consumption increase since memory cannot be powered down.
A very good overview of searcher complexity is given in [9]. This is roughly the same as the equalization process The LTE searcher complexity can be computed by changing the sampling frequency to 1.92 MHz (for 6RBs) and PSS periodicity to 5ms. The UE has to process a total of about 9600 samples which would mean about 10 FFT blocks of 1024 if the correlation is performed based on the algorithm described in [9]. For the correlation, 2 FFT operations (FFT and IFFT) and a vector multiplication is needed. This operation is similar to the equalization in the receiver where the received samples are multiplied with the equalization weights in the frequency domain with one additional FFT. 
Processing of 10 FFT blocks of size 1024 is equivalent to processing the input data for a 10MHz LTE system for the duration of an entire radio frame. The power consumption for PSS correlation will be smaller than the actual power consumption for decoding a PDSCH allocation of 50RBs because IFFT is performed instead of the turbo decoding, however, the overall power consumption is not negligible.
Furthermore it should be noted that the search power consumption does not scale with the total CA aggregated bandwidth. With 4 or 5 CCs, the total aggregated bandwidth could be even less than 40MHz. In this case, the power relative power consumption that is saved will be significantly higher than the case of 100MHz.
2.2. System performance aspects

In [5] it was argued that due to the proposed relaxation the system performance will be impacted, however, no concrete details on deployment scenarios or level of impact were given.
In Rel.10 a large simulation campaign to decide the measurement requirements for deactivated cells was performed. Results in [6], [7], [8], [9] show almost no degradation with longer measurement cycles. Even if some of the analysis is made for deactivated cells, it is obvious that the SCell management is good enough to offer optimal system performance.  
In [8] the system performance with different measurement cycles for SCells is analyzed. The results show no degradation with measurement periods up to 1600ms for low mobility and only a very slight degradation for measurement periods of 1600ms or longer in the case of UE traveling at 50km/h. 
Based on the results presented in the references, it can be seen that the measurement relaxation would have minimal impact if any on the system performance. 

It should be noted that with the current proposal the UE is still performing measurements on 3 CCs based on the current requirements. 

3. Conclusion
 In this paper we further analyzed the measurement requirements for CA with 4 and 5CCs. From a complexity and power consumption point of view it was shown that the savings can be significant by eliminating the need for additional searcher hardware or by running the computationally intensive PSS correlation with a lower duty cycle. 
Based on previous system level studies it is seen that the system level impact will be insignificant. 

Considering all these observations we reiterate our proposal:

Proposal: Apply the deactivated SCell measurements to the active 3rd SCell or higher order CA(e.g. 4th SCell or beyond).
Also, to differentiate between the SCells with different measurement requirements we propose to use the SCell Index that is already included in signaling.
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Annex

–                      SCellIndex
The IE SCellIndex concerns a short identity, used to identify an SCell.
SCellIndex information element

-- ASN1START

SCellIndex-r10 ::=                   INTEGER (1..7)

-- ASN1STOP
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