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1  Introduction

Based on the discussion in the last RAN4 meeting, the response LS to RAN1 on the uplink power control issues was approved via RAN4 reflector [1]. RAN4 has yet to provide more detail answers related to the questions raised by RAN1 in their original LS to RAN4. 
The aim of this paper is to address the downlink path measurement required for performing uplink power control on component carriers in different carrier aggregation scenarios. The paper also addresses some of the issues raised by RAN2 in their LS to RAN4 [2].
2 Carrier Aggregation Scenarios
In TSG-RAN#47, three generic carrier aggregation scenarios were agreed in order to allow RAN4 to complete the specification in timely manner [3]. 
· FDD Intra-band aggregation scenarios:

· At least two contiguous component carriers; BW is being decided by RAN4.
· TDD Intra-band aggregation scenarios:

· At least two contiguous component carriers; BW is being decided by RAN4.

· Inter-band  non-contiguous carrier aggregation scenarios:

· Band 1 and band 5. The two component carriers belonging to the two bands have very different coverage i.e. F3 on band 1 (2100 MHz); F4 on band 5 (850 MHz). 
· Furthermore in release 10, inter-band non-contiguous carrier aggregation applies to only downlink. 
Figure 1 illustrates different typical uplink and downlink component carriers’ configurations in contiguous carrier aggregation scenarios. We assume two contiguous component carriers (F1 and F2). 
Figure 2 illustrates different typical uplink and downlink component carriers’ configurations in inter-band non-contiguous carrier aggregation scenario. We also assume two inter-band non-contiguous component carriers (F3 @ 2100 MHz and F4 @ 850 MHz). 
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Figure 1: Possible configuration of intra-band contiguous carrier aggregation: (a) both uplink CCs are configured (b) only UL CC (F1) is configured (c) only UL CC (F2) configured.  
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Figure 2: Possible configuration of inter-band non-contiguous carrier aggregation: (a) UL CC only (F3) is configured (c) only UL CC (F4) configured.  
3 Agreements on Mobility Measurements in RAN4

The path loss measurement is derived from RSRP therefore we recapitulate the recent RAN4 agreements on the mobility measurements for the carrier aggregation. According to the agreed RAN4 LS to RAN2 [4], the UE is able to perform measurements without gaps on component carriers, which are configured and are active (i.e. not de-activated by the lower layers). As downlink path loss is derived from the RSRP, hence UE shall also be able to carry out the downlink path loss measurements on the configured and active component carriers without gaps. RAN4 is also currently discussing the feasibility of the UE ability to perform mobility measurements over the CCs, which are configured but deactivated, without gaps. 
4 Path Loss for Uplink Power Control
The uplink power control operates independently on each uplink component carriers according to the agreements in RAN1. 
Consider the scenario in Figure 1 (a), where uplink power control is in operation on both uplink CCs, which are configured. This implies that the corresponding downlink component carriers (F1_DL and F2_DL) are also active (i.e. not deactivated by the lower layers). Hence as per RAN4 agreement in [4], the UE can measure the downlink path loss for each uplink CC separately without the need of measurement gaps. In case of deactivation of one of the DL CC (e.g. F2_DL) the DL path loss measured on the activated DL CC (e.g. F1_DL) for the UL CC F2_UL will be very similar to that measured on the deactivated DL CC since the two DL CCs are adjacent. 
Assume that in Figure 2, the downlink CC (F3_DL) is the downlink anchor carrier. As noted earlier that the large differences in the frequencies F3 and F4 would lead to substantial difference in downlink path loss. In Figure 2(a), the uplink power control operated over uplink CC (F3_UL). This means in case of Figure 2(a), the UE can easily measure downlink path loss over F3_DL without gaps. However in Figure 2(b), the uplink power control operates over uplink CC (F4_UL). Hence it is more appropriate to measure the downlink path loss over the corresponding downlink CC (i.e. F4_DL). This CC (F4_DL) is also active i.e. configured and not deactivated by the lower layers. In accordance with the agreements in RAN4, the UE should also be able to measure the downlink path loss on F4_DL in figure 2(b) as this CC is active (i.e. not deactivated by the lower layers. 
4.1 Additional Inter-band configuration scenarios 

In the scenarios analyzed in the preceding sections the downlink path loss can be determined for each uplink CC from the corresponding DL CC. However there are additional inter-band carrier aggregation scenarios whereby either the DL CC link to the uplink CC is deactivated or the DC CC and UL CC are configured in different bands. These are described below:

Scenario with Deactivation of F4_DL:

Let us consider the configuration in figure 3 (a) in which the F4_DL is deactivated by the lower layer signalling. In such scenario there are two options in terms of determining the DL path loss for the UL PC: 

1. UE is required to measure the path loss also on the deactivated but configured DL CC without any measurement gaps; as proposed in [5] that RSRP should be allowed on deactivated but configured DL CC, or
2. UE measures path loss on the activated DL CC (i.e. F3_DL in figure 3(a)) and translates the correct path loss for the UL CC, which is power controlled. 
Note that in inter-band scenario agreed in RAN4 there can be large difference in the propagation conditions between the two DL CCs. Hence if option 2) is adopted then there is a need for a path loss offset or compensation to translate the measured path loss to that of the DL CC, which is in the same band as that of the UL CC, which is power controlled. Among the two options, we strongly prefer option 1) i.e. UE measures DL path loss on the DL carrier, which is in the same band as that of the UL CC.  
Scenario with Crossed Band Configured DL and UL CC:

In figure 3(b) the DL and UL CC are configured in different bands i.e. one DL and one UL CC are configured. Strictly speaking this (in figure 3(b)) is not a carrier aggregation but a consequence of carrier aggregation. However note that such configuration is possible provided the UE is carrier aggregation capable. For example in order to perform load balancing the network may link DL and UL CC belonging to different frequency bands. 
It is also important to note that even if F4_DL is transmitted by the eNode B, the UE is not aware of the presence of F4_DL because the UE does not receive the relevant configuration. In this scenario the only option is that UE measures DL path loss on configured DL CC and use the path loss offset to translate the DL path corresponding to the frequency band of the UL CC. Hence if such a scenario is supported then there is a need for a path loss offset or the so-called compensation factor. 
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Figure 3: Only UL CC (F4) is configured (a) Downlink carrier (F3_DL) is linked (i.e. anchor) to the UL CC; F4_DL is deactivated by lower layers (b) DL CC and UL CC are configured in different band
5 Conclusion
In this paper we have analyzed the remaining issues related to the downlink path loss measurements for uplink power control in carrier aggregation scenarios. Firstly due to the differences in propagation conditions between component carriers especially in case of inter-band carrier aggregation, it is preferred that UE measures the downlink path loss corresponding to each uplink CC for which uplink power control is in operation. 

For the scenarios agreed in RAN4 and the fact that UE can measure DL path loss on activated carriers without gaps, we conclude that it is possible for the UE to measure DL path loss for each UL CC independently. Furthermore it is also shown that in some inter-band carrier aggregation scenarios where the DL CC and UL CC are in the same band and the DL CC is allowed to be deactivated either DL path loss compensation factor is signalled to the UE or UE is required to measure on the deactivated DL CC without gaps for obtaining the correct DL path loss for the UL PC. In case DL CC and UL CC are allowed to be configured in different bands then the path loss offset is needed.   

It is suggested that RAN4 reach on an agreement on these issues and provide this information to RAN1 and RAN2. The summary of the three proposals is given below:
Proposal # 1: In general the UE measures DL path loss for each UL CC for the UL PC without any measurement gaps. 

Proposal # 2: In inter-band CA case if the configured DL CC and UL CC are in the same frequency band and the corresponding DL CC is deactivated, then the UE also measures DL path loss from the deactivated DL CC without any measurement gaps. 

Proposal # 3: In inter-band case if the DL CC and the UL CC are configured in different bands and if this scenario is considered to be valid, then the UE derives DL path loss for the UL PC based on DL path loss measurement from the configured DL CC and the path loss offset.
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