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1 Introduction

In this contribution we discuss the linking of uplink and downlink component carriers applied for pathloss estimates. While it would be straight-forward to obtain pathloss estimates from the SIB2 linked downlink cell (used e.g. for CIF-less scheduling) this approach is not suitable for typical HetNet scenarios. 
We discuss furthermore, if the UE should perform any autonomous actions upon loosing connectivity (sync) with the downlink cell configured as pathloss reference and come to the conclusion that no such mechanisms are needed.
2 Discussion

2.1 Which downlink cell to use as pathloss reference

RAN2 agreed that the SIB2 linked DL SCell must be configured in order to use the associated UL resources. Furthermore, RAN4 indicates in [1] that a configured but deactivated DL SCell could be used as pathloss reference (even though it may be less accurate). Taking this into account we think that the UE will typically use the linked DL SCell as pathloss reference.
However, in certain HetNet scenarios the cell specific reference signals need to be transmitted with reduced or even zero power to avoid excessive interference between macro and pico cells
. This is required to ensure …

a) that UEs close to but not member of a CSG pico cell can read the synchronization and reference signals of a macro cell. In this case the pico cell must transmit its synchronization and reference signals on some carriers at zero power. 

b) that UEs connected to a low power pico cell can read the pico cell’s synchronization and reference symbols. In this case the macro cell must send its synchronization and reference signals with reduced or zero power. 

When the reference signals are transmitted with lower power, pathloss estimate cannot be reliably derived from that cell and thus the UL transmissions on the SIB2 linked CC would be impossible. 
Since such scenarios use typically intra-band CA, the pathloss may be derived from another CC as indicated by RAN4 in [1]. In order to support the above-mentioned HetNet scenarios we propose that the network explicitly configures the DL (Secondary) Serving Cell to be used as pathloss reference. 
Proposal 1 For each UL Secondary Serving Cell the network chooses the downlink (Secondary) Serving Cell to be used as pathloss reference. Both must belong to the same band. The DL (Secondary) Serving Cell used as pathloss reference may differ from the linked DL Secondary Serving Cell used e.g. for CIF-less scheduling. 
2.2 Actions upon losing the pathloss reference

It has been discussed in RAN2 whether or not the UE has to perform any autonomous actions when losing the downlink pathloss reference for a configured UL. 

For the Serving Cell (PCell), the Rel-8 principles apply, i.e., the UE triggers a RLF failure when it fails to read the downlink reference and synchronization symbols. As long as it can read them, it is also able to determine a pathloss estimate. In other words, the RLF detection on the PCell ensures that the UE has a valid pathloss reference. 

RAN2 agreed that RLF monitoring on SCells is not needed as the eNB is in full control of the UE as long as there is no RLF on the PCell (UL and DL). Based on RRM or CQI measurements the eNB is made aware of the channel conditions and it may decide to de-activate or remove an SCell based on this information. Given that Random Access on UL SCells is not supported in Rel-10, the pathloss reference is only needed as input for the PUSCH and SRS power control. 
When approaching the downlink cell edge the downlink pathloss increases and the UE increases its uplink transmit power accordingly. Typically the UE reaches its maximum UL TX power long before being unable to read DL reference symbols and to determine a pathloss estimate. Consequently, the ultimate loss of the downlink pathloss reference has no immediate effect on the UL transmit power used on an SCell’s PUSCH - it cannot exceed the configured PCMAX,C. One should keep in mind that at such high downlink pathloss the uplink is typically already out-of-coverage due to the lower UL TX power. And for sure, the eNB will not use multiple carriers in such scenarios. The eNB will not provide uplink grants and it will disable Sounding Reference Symbols in that situation. The latter can be achieved by removing the UL SCell or by de-configuring SRS explicitly. Based on this analysis we propose the following.
Proposal 2 The UE performs no autonomous actions when losing a DL (Secondary) Serving Cell configured as pathloss reference for an UL Secondary Serving Cell. 
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
For each UL Secondary Serving Cell the network chooses the downlink (Secondary) Serving Cell to be used as pathloss reference. Both must belong to the same band. The DL (Secondary) Serving Cell used as pathloss reference may differ from the linked DL Secondary Serving Cell used e.g. for CIF-less scheduling.
Proposal 2
The UE performs no autonomous actions when losing a DL (Secondary) Serving Cell configured as pathloss reference for an UL Secondary Serving Cell.
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5 Annex A – HetNet Deployments

Operating different layers (pico and macro) on different non-overlapping carrier frequencies may lead to resource-utilization inefficiency. With the HetNet illustration depicted in Figure 1, this would imply that the overall available spectrum consists of two carriers f1 and f2, with f1 and f2 being exclusively used in the macro and pico layer, respectively. 
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Figure 1: Frequency separation between the different layers.

In many cases it can be assumed that the pico layer is deployed to carry the main part of the traffic, and especially, provide the highest data rates, while the macro layer provides full-area coverage i.e. to fill any coverage holes within the pico layer. In such a case it is desirable that the full bandwidth, corresponding to carrier f1 and f2, is available for data transmission within the pico layer. One can also envision cases when it is desirable, that the full bandwidth (f1 and f2) is available for data transmission also within the macro layer, although the importance of this is less compared to full-bandwidth availability in the pico layer.

As already mentioned, sharing of the resources (operation on the same set of carrier) between the cell layers for data transmission can be accomplished by means of inter-cell interference coordination (ICIC) methods that can be more or less dynamic depending on the coordination capabilities between the cell layers. Rather, the key issue is the transmission of signals/channels that cannot rely on traditional ICIC methods but need to be transmitted on specific, well-defined, resources, including

· The synchronization signals (PSS/SSS)

· The Physical Broadcast channel (PBCH)

· Cell-specific reference signals (CRS)

· L1/L2 control channels (PDCCH, PCFICH and PHICH)

Obviously, all these signals must be transmitted on at least one downlink carrier within each cell layer. Let us assume that this “main carrier” corresponds to carrier f1 in the macro layer and carrier f2 in the pico layer. 

For the downlink we shall consider the three cases shown in Figure 2, where Case 1 differs from Case 2 with respect to Open Subscriber Group (OSG). In Case 3, both carriers, f1 and f2, are available also at the macro layer. 
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Figure 2: Three cases discussed below.

Case 1: Carrier f1 (the macro “main” carrier) should be available for PDSCH transmission also within the pico layer. It is assumed that a UE only accesses the macro layer when the path loss to the macro layer is of the same order or smaller, compared to the path loss to the pico layer.

In this case, the basic downlink control signals/channels listed above can be transmitted on f1 also in the pico layer with no severe interference to UEs accessing the macro layer. Thus both f1 and f2 can be deployed as “normal” (release 8 compatible) carriers in the pico layer. However, a legacy UE would only be able to access f1 close to the pico cell site where the path loss to the pico cell is much smaller than the path-loss to the macro cell, in order to avoid strong control-channel interference from the macro cell. Closer to the cell border of the pico cell, release 10 UEs would need to access on f2, to avoid strong interference to PSS/SSS and PBCH from the macro cell, but could be scheduled for PDSCH transmission on f1, using cross-carrier scheduling with PDCCH on f2. Note that, to avoid interference from macro CRS, pico-cell PDSCH transmission on f1 must rely on UE-specific RS for channel estimation, at least when the UE is close to the pico-cell border. One might consider using frequency shifts of CRS across layers but macro CRS would then cause interference towards the data resource elements of the pico. 

Case 2: Similar to case 1, carrier f1 should be available for PDSCH transmission also within the pico layer. However, a UE should be able to access the macro cell even when close to the pico cell. 

This scenario may occur when the pico layer consists of HeNBs belonging to Closed Subscriber Groups (CSGs) and where a UE not belonging to the CSG approaches HeNB. In this case, the pico layer must not transmit the channels listed above (PSS/SSS, PBCH, CRS, PDCCH, etc.) on f1 in order to avoid interference to the UEs that are accessing the macro layer in the vicinity of a pico site. Rather, the corresponding resource elements should be empty. Thus, legacy UEs can only access the pico layer on f2 while release 10 UEs can be scheduled on both f1 and f2 in the same way as for case 1. Note that, f1 in the pico cell should be seen as a “normal” carrier with zero power of the PSS/SSS, PBCH, etc.
Case 3: In addition to carrier f1 being available for PDSCH transmission within the pico layer, carrier f2 should be available for PDSCH transmission within the macro layer.

In this case, the macro layer must not transmit the basic downlink signals/channels listed above (PSS/SSS, PBCH, CRS, PDCCH, etc.) on f2 in order to avoid interference to UEs that are accessing the pico layer and that may be in a location where signals from the macro layer are received with much higher power, even though the path loss to the pico layer is substantially smaller. Rather, similar to case 2, the corresponding resource elements should be empty. Thus, legacy UEs can only access the macro layer on f1 while release 10 UEs can be scheduled in the macro layer on both f1 and f2. It should be noted that a UE can only be scheduled on the macro layer on f2 in such a way that it does not cause any severe interference to the pico cell, either because there is no UE being scheduled on the corresponding resource in any pico cell under the coverage area of the macro cell or by using low power for the macro-cell transmission. 

More details can be found in [2].



























� Note that interference on symbols used for data transmission can be controlled with ICIC schemes so that both pico and macro cells can use all frequencies for data transmission. More details on these HetNet scenarios can be found in section � REF _Ref264623017 \n \h ��5�. 
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