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1 Introduction
The following candidate options were identified in the LAA study item for power sharing between LAA carriers [1]:

· Fixed and equal maximum power allocation per carrier

· Fixed and unequal maximum power allocation per carrier

· Dynamic maximum power allocation between carriers at least based on the number of carriers being transmitted in each DL transmission burst

· Other options are not precluded 
This contribution presents views on the above options for power sharing and general DL power control, particularly in the context of improved support for CRS-based transmission modes in LAA.
2 Discussion
Before discussing the applicable options to handle DL power control, we first briefly describe DL power control handling in the current LTE specifications.  Downlink power control varies a bit between CRS based TMs and TM9/10. Therefore, we describe each of them separately here.
The CRS transmission power at the eNB is communicated to the UE through RRC signalling from the eNB. Furthermore, the power allocated to PDSCH for TM3 and TM4 is set relative to the CRS transmission power. The relative power difference is further also configured by RRC signalling. If an eNB operates multiple carriers, the eNB needs to adapt its output power over all carriers so that it does not exceed the maximum allowed transmission power. This would need to reflect what transmission power is allocated to CRS. On a short time scale it may not be beneficial for the eNB to adapt this power based on which carriers successfully complete the LBT process or which modulation order is scheduled. 

The allocated power for DMRS can be freely selected based on the current DL power control for DMRS (assuming TM9/10). The power allocated for the PDSCH/EPDCCH and for the associated DMRS should be the same. 

2.1 Power allocation in non-DRS occasions
In this, we describe the specific behaviour related to RRM measurements within the subframes containing DRS.

Given the above discussion about the current DL power control functionality in LTE, we focus here on the challenges this brings to LAA in particular. For LAA there are mainly two reasons why the DL power from the eNB needs to be varied between different subframes. They are

· Higher order modulation (i.e. 64QAM and 256QAM)

· Multiple carrier operation

A very important functionality that should be supported well is 64QAM and 256QAM in DL for PDSCH transmission. In order to allow for a cost-efficent implementation of the PA, it is important to allow power back-off values from the maximum allowed transmission power when the eNB schedules with these higher modulation orders. One should note that this applies to the whole OFDM symbol, as it is the total output power that should be backed off rather than the power to specific REs.

The second aspect is that in a multi-carrier scenario it can be benefical to vary the output power depending on the number of carriers that succeded in gaining access to the channel via LBT or the number of carriers that are operated at a given time. This is necessary in order to allow an effective LAA implementation that can utilize the channel in the most effective and efficient manner.
Some specific considerations need to be addressed for the DRS which are further described in the next section. Based on the discussion in this section, we propose the following:

Proposal

· The eNB can vary the DL power for subframes that are not part of a DRS occasion. 
The above is a general principle that, in practice, means that the CRS and CSI-RS power can vary between subframes assuming that these subframes are not part of a DRS occasion. For PDSCH associated with the CRS the DL power control rules can be retained, i.e. the PDSCH power is signalled relative to the CRS. However, the CRS transmission power needs to be allowed to vary freely per subframe. 

Proposal

· For all subframes that are not part of a DRS occasion, the CRS transmission power can be set by the eNB to be different in different subframes. 

Achieving reliable CSI reporting would be difficult if the UE is allowed to autonomously average measurements on CSI-RS or CRS between different subframes. In such a scenario the UE can not measure CSI feedback based on multiple CRS or CSI-RS occasions as the eNB will not know how the CSI report is computed. This is more related to testing the applicable UE behaviour rather than the RAN1 specification and therefore also relates to the RAN4 work. We also describe this further in [2].
Proposal

· Send an LS to RAN4 indicating that:
· CSI measurement are only performed on a single CSI reference signal resource and cannot be averaged across different CSI reference signal resources, unless explicitly indicated by the eNB.
2.2 Power allocation in DRS occasions
A major use of the LAA DRS is for obtaining RSRP and RSRQ measurements. In the event that dynamic power allocation between carriers is used, the DRS transmit power may vary noticeably across different DRS occasions. This can result in misleading RSRP/RSRQ measurements that unnecessarily trigger measurement events. To avoid this, it is preferable that a fixed and equal maximum power allocation be used at least for DRS subframes. This may however present problems when PDSCH is present in the DRS subframe and power backoff needs to be used to support higher-order modulation. This can be solved by eNB implementation to ensure that the power is not varying between different DRS occasions, while complying with the design assumptions for DL power control. This will also serve to extend the DL design to support UL together with UL power control based on pathloss estimation in Rel-14. For Rel-13, this assumption mainly relates to RAN4 when defining test cases for RRM measurements for LAA.
Proposal: 
· Send an LS to RAN4 indicating that:

· RAN1 assumes that the eNB will not vary the power allocated to CRS, PSS/SSS and CSI-RS associated with the DRS between different DRS occasions
3 Conclusion

This contribution discussed DL power control and sharing for LAA. The following proposals were made.
· The eNB can vary the DL power for subframes that are not part of a DRS occasion
· For all subframes that are not part of a DRS occasion, the CRS transmission power can be set by the eNB to be different in different subframes.
· Send an LS to RAN4 indicating that:

·  CSI measurement are only performed on a single CSI reference signal resource and cannot be averaged across different CSI reference signal resources unless explicitly indicated by the eNB
· RAN1 assumes that the eNB will not vary the power allocated to CRS, PSS/SSS and CSI-RS associated with the DRS between different DRS occasions
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