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1. Introduction
The requirements for 4 and 5 DL CA are under discussion in Rel. 13. The RF specifications for some 4DL CA work items are set to be finalized in RAN4#75. In RAN#69 some 5DL CA work items were also approved. 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 discuss the intra-frequency measurement requirements.
2. Discussion

In RAN4#74 Bis a WF regarding the 4DL CA RRM requirements was agreed in [1]. In RAN#69 some 5DL CA work items were also agreed. Considering that the Rel.13 CA requirements are not finalized, RRM requirements for 4DL CA and 5 DL CA can be considered together. The intra-frequency measurement requirements for SCells were discussed in previous meetings, however, agreements could not be reached. In this paper we present some further analysis from a power consumption and hardware complexity point of view. 
2.1. Measurement requirements

Since the introduction of CA in Rel.10 the measurement requirements for active SCells were defined to be the same with those for PCell that were defined from Rel.8. To determine the requirements for deactivated SCells, a simulation campaign was conducted in Rel.10 and since no major impact with different measurement cycles was found, it was agreed that it would be best if it were left up to the network to configure the measurement period depending on the deployment scenario. 

In previous meetings it was proposed to relax the intra-frequency measurement requirements applicable to SCC for CA combinations with 4 carriers or more [2], [3]. The impact from a system point of view was briefly discussed and performance impact due to this relaxation is likely to be very small, if any. Some questions were raised on the actual power savings that can be achieved by this relaxations. We present below a brief analysis.

We assume that the power consumption for measurements on a carrier in connected mode with 200ms measurement period is X and that power consumption scales linearly with the measurement period and number of CCs. As such, the power consumption for 5DL CA without any measurement relaxations is 5X. If a measurement cycle of 160ms is used in 2 CCs(3rd and 4th CCs) then the overall power consumption would be 3.5X(3X from PCC+CC1+CC2 + 2x200ms/800ms from CC3 and CC4). The power consumption scaling and relative gains for different measurement cycles are shown in Table 1. As can be seen the power consumption savings are between 30%-40% from the overall power spent on performing measurements by the UE. Furthermore, depending on the UE design, the proposed relaxation could reduce the hardware complexity. For example, CC3 and CC4 could share some searcher hardware resources because the measurement periodicity is reduced.
	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

It should be noted that the searcher power consumption is a significant part of the overall UE power consumption because the UE has to constantly perform correlation for the synchronization signals (PSS/SSS) to find suitable cells. 
During RAN4#76 it was proposed to reduce the number of cells to be measured on CC3 and CC4 to 4 from 8 as a compromise. We would like to point out that this kind of relaxation is expected to bring very limited gains. The main complexity driver of the measurement operation is the correlation of the synchronization signals (UE has to perform correlation for at least 5ms to detect PSS) and not the RSRP measurement that involves some FFT operation/cell. Even if the number of cells is reduced, the UE still has to continuously keep searching for stronger cells and update the list of measured cells.
Considering the significant power consumption gains shown above and the limited system impact shown in [2], [3], we reiterate the proposal from previous meetings.
Proposal 1: Apply the deactivated SCell measurements to the active 3rd SCell or higher order CA(e.g. 4th SCell or beyond).

In [2] is was pointed out that this proposal may have some signaling impact that should be studied. We believe that the Scell Index as defined in 36.331 (included in the Annex) can be used to differentiate the SCells and the requirements that apply to each SCell. For example, if SCell Index>=3 then the same requirements as for a deactivated SCell apply to an active cell also.

3. Conclusion
 In this paper we analyzed the requirements for 4DL CA and made the following proposals:
Proposal 1: 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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