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Introduction
In this document, we discuss the remaining details of various PUSCH procedures for eLAA. We address the following issues.
1. Reference subframes for CSI measurement

2. Handling collision of periodic CSI on the licensed carrier and aperiodic CSI on the unlicensed carrier

3. UE power allocation/scaling behaviour especially in power limited scenarios

4. UE power allocation and interaction with LBT
2
Reference subframes for CSI measurement
2.1
Periodic CSI measurement and reporting in Rel-13 LAA

For channel estimation based on CRS/CSI-RS for periodic CSI reporting, the latest valid reference subframe is used as a reference subframe. To detect a valid reference subframe, the UE should detect CRS transmission in symbol 0 of a given subframe and determine that the subframe is a full subframe. For CRS based channel estimation, the subframe must be a non-MBSFN subframe and for CSI-RS based channel estimation, the reference subframe must have valid CSI-RS transmissions. Finally, the UE may not perform averaging of channel estimates across different transmission bursts due to the unknown power variation on the CRS/CSI-RS transmissions. For interference estimation, the UE is not expected to estimate interference in subframes in which the eNB does not transmit. 
2.2 
Aperiodic CSI measurement and reporting in Rel-13 LAA

For aperiodic CSI measurement, the reference subframe is subframe “n-4” assuming that CSI is transmitted in subframe n for FS1 based transmission. In other words, the subframe in which the UL grant is received is the valid reference subframe for CSI measurement. 
Similarly for TDD systems based on FS2, the reference subframe is a fixed subframe (determined based on the FS2 configuration) given the subframe in which CSI is to be transmitted. 
2.3
Reference subframes in eLAA for aperiodic CSI
For eLAA in Rel-14, the following need to be considered for determining the reference subframe for aperiodic CSI
1. The timing delay between the UL grant and UL transmission is configurable from 0 to 15 subframes
2. Multi-TTI grants are supported wherein the subframe in which CSI is transmitted is a function of the number of scheduled subframes in the grant. 

For eLAA, it may be possible to receive an updated reference subframe from an eNB due to the long delay between the triggering of CSI in the UL grant and the transmission of CSI. Note that the updated reference subframe may be different for channel and interference estimation. In some scenarios, due to specific channel and interference conditions, the eNB may want an aperiodic CSI report based on the triggering subframe. In other scenarios, the eNB may prefer an aperiodic CSI report based on the latest reference subframe transmitted after the triggering subframe. In addition, given the dynamic DL-UL configurations for FS3, the eNB may need to trigger aperiodic CSI in a subframe 
Allowing the eNB flexibility to choose between the reference resources in the triggering subframe, or in the latest reference resources is a good design choice.
Proposal:

1. eNB configures either via semi-static RRC signalling or dynamic indication in the DCI the type of reference subframes used for aperiodic CSI reporting. 

2. In one configuration, the UE uses the reference resources in the triggering subframe and in the other configuration, the UE determines the reference subframes based on the subframe on which CSI is transmitted. 
3. For multi-TTI grants triggering aperiodic CSI based on the subframe in which CSI is transmitted, the actual subframe used for CSI transmission is used to determine the valid reference resource.
3
Periodic and aperiodic CSI collision
Due to the constraints of not transmitting HARQ-ACK of the licensed carriers on the unlicensed carrier, eLAA supports the configuration of simultaneous PUCCH in the licensed carrier and PUSCH in the unlicensed carrier. In this scenario, it is possible that UE may need to transmit periodic CSI in the licensed carrier and aperiodic CSI on the unlicensed carrier. Based on the Rel-12/13 LTE CA spec, assuming both carriers are licensed carriers, the payload to be carried on the periodic CSI can be transmitted on the PUSCH on the other carrier using UCI piggybacking and the periodic CSI can be dropped. 
However, when aperiodic CSI is to be transmitted on PUSCH in the unlicensed carrier, the HARQ-ACK on the licensed carrier is of high priority and cannot be transmitted on the unlicensed carrier based on the current agreements. To address this situation, we may consider several solutions. 
In this contribution, we propose an approach which is scalable to a large number of carriers and forward compatible to dual connectivity based unlicensed carriers. 
For HARQ-ACK reporting in eLAA, we consider the CA reporting framework. A HARQ-ACK reporting group is defined with at least one licensed carrier configured with PUCCH and one or more unlicensed carriers. The HARQ-ACK of all the serving cells in this HARQ-ACK cell group is reported on the licensed carrier either on the PUCCH or on the PUSCH. This proposal is compatible with the eLAA agreement that the HARQ-ACK of the licensed carriers cannot be transmitted on the unlicensed carrier. If a PUSCH is scheduled on the unlicensed carrier, the PUCCH/PUSCH on the licensed carrier and PUSCH on the unlicensed carrier are transmitted simultaneously.
For periodic CSI reporting in eLAA, we consider the same proposal as the HARQ-ACK reporting discussed previously. The periodic CSI report for the group of serving cells in the HARQ-ACK reporting group is always carried on the licensed carrier. This is also compatible with the eLAA agreements made due to the absence of PUCCH on the unlicensed carrier as part of the current work item.
For aperiodic CSI reporting in eLAA, we propose that the dual connectivity framework be adopted, i.e., the aperiodic CSI reporting on the unlicensed carriers is self-contained and is independent of periodic and aperiodic CSI reporting on the licensed carrier. This implies that the aperiodic CSI for the licensed carrier cannot be triggered from the unlicensed carrier and vice versa. This also implies that in some scenarios, periodic CSI on the licensed carrier and aperiodic CSI on the unlicensed carrier would be simultaneously transmitted This would also apply to the scenario when periodic CSI and aperiodic CSI for the same unlicensed carrier are to be transmitted at the same time.
Proposal

1. For eLAA HARQ-ACK and periodic CSI reporting, define up to two HARQ-ACK cell groups in which the HARQ-ACK and periodic CSI are always reported only on the licensed carriers.
2. For aperiodic CSI reporting, define independent cell groups for the licensed and unlicensed carriers. Aperiodic CSI cannot be triggered across cell groups. 
3. Periodic CSI on the licensed carrier and aperiodic CSI on the unlicensed  carrier can be simultaneously reported
Alternatively, a conservative approach to this problem is to consider disallow the triggering of aperiodic CSI from the unlicensed carriers under the CA framework. However, we note that this is may not be a very scalable solution even though it may make the CSI reporting procedures simpler. 
In the scenario that the number of CSI computations exceeding the limit imposed by UE capability for simultaneously computing several CSI processes, we propose that aperiodic CSI be dropped on the unlicensed carrier. 

4
UE power scaling behaviour for transmitting PUSCH
In LTE, the following rules for a power limited scenario. If the UE is not configured with an SCG and the total transmit power exceeds the limit at the UE side, the UE prioritizes PUCCH or PUSCH carrying UCI in allocating the transmit power. Next, the UE may choose to transmit PUSCH on a subset of carriers and the UE equally distributes power between the subset of carriers (see Section 5.1.1.1 in TS 36.213). 
In general, this decision on the UE power to use is made on a subframe by subframe basis. However, in the unlicensed carrier, there are other considerations such as channel access that the UE must consider before deciding on the right choice. Consider the following scenario where the licensed carrier is scheduled in subframe 2 and the unlicensed carrier is scheduled in subframe 1, 2 and 3. 
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If the licensed carrier does not contain a PUCCH transmission or UCI piggybacking, then based on the current rules it is possible for the UE to drop the PUSCH on the licensed carrier so that it does not have to re-do the LBT on the unlicensed carrier. However, if the licensed carrier contains PUCCH transmission or UCI piggybacking, then the UE prioritizes the PUCCH transmission. However, this may not necessarily be the best choice for system operation as the UE may lose the unlicensed channel and may impact the UL throughput. 
There are a few options available at the UE to address this situation.
Option 1: If the UE has UCI piggybacking, then the UE may drop the PUSCH on the licensed carrier and transmit UCI on the PUCCH. In this way, the UE can have more power available for the unlicensed PUSCH in subframe 2. This can be considered as an obvious extension to the current rules for UE power prioritization. 
Option 2: If the UE has UCI piggybacking or PUCCH transmission on the licensed carrier, the power is shared between the PUCCH on the licensed carrier and PUSCH on the unlicensed carrier. This is different from the current rules in that the licensed carrier carrying UCI does not get its required power first but the total power is shared more uniformly between the carriers. 
Option 3: There is a minimum guaranteed power allocated to each unlicensed carrier. However, this in general reduces the flexibility available to the UE and may not be a very suitable option. 
4.1
Periodic and aperiodic CSI simultaneous transmission

We noted previously in Section 3 that periodic and aperiodic CSI reporting procedure may be different if eLAA SCells are included. This is because of the special scenario in which simultaneous PUCCH in licensed carriers and PUSCH transmission on unlicensed carriers is required at the UE to meet the constraints of not transmitting HARQ-ACK of licensed carriers on the unlicensed spectrum. 
Proposal

1. UE gives higher priority to UCI on the licensed carrier especially if it contains HARQ-ACK
a. Available power can be shared with an unlicensed carrier when the unlicensed transmission would likely be lost otherwise.
b. If UCI piggybacking is expected on the licensed carrier, the UE may choose to drop the PUSCH on the licensed carrier and transmit UCI on the PUCCH and allocate the rest of the power to the unlicensed carrier if the UE believes that it may lose the channel on the unlicensed carrier.
2. If there is additional power at the UE, the PUSCH carrying aperiodic CSI on the unlicensed serving cell is prioritized over the rest of the serving cells.
3. The rest of the power is shared between a subset of carriers including the licensed and unlicensed carriers equally if a carrier is allocated non-zero power. 
5
LBT location and UE power allocation

In eLAA, the UE can perform LBT just before the start of the subframe boundary, or during symbol 0 and the outcome of LBT is uncertain. This can have a significant impact on how the UE performs power allocation to multiple UL serving cells. 
Consider the following scenario in which LBT is performed just before the start of the UL subframe. 
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In this scenario, the result of the LBT is known just before the subframe boundary. The UE should be able to use the result of the LBT to determine very quickly what is the power allocation strategy for the different carriers and if the UE needs to change or drop some physical channels (only if required).  
Consider the second scenario in which LBT is performed after the start of the UL subframe. 
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In this scenario, the result of the LBT is known after the subframe boundary at which point the transmission on the licensed carrier has already started. The power allocation strategy at the UE should take this into account. To address these scenarios, we propose the following
Proposal

1. UE capability determines whether it can react instantaneously to LBT outcomes. 
2. For a UE capable of reacting to LBT outcomes quickly, then it is up to UE implementation how the outcome of LBT is handled w.r.t to power allocation. The minimum configured power for the unlicensed serving cell on the UL is zero. It is up to the UE to ensure transmission power is consistent across the subframe. 
3. For a UE not capable of reacting to LBT outcomes quickly, eNB configures a minimum power for the unlicensed serving cell. If the LBT does not clear, then the UE does not use the transmit power.
6


Conclusions

In this document, we discussed various aspects of PUSCH procedures in eLAA SCells. We propose the following.
1. eNB configures either via semi-static RRC signalling or dynamic indication in the DCI the type of reference subframes used for aperiodic CSI reporting. 

a. In one configuration, the UE uses the reference resources in the triggering subframe and in the other configuration, the UE determines the reference subframes based on the subframe on which CSI is transmitted. 
b. For multi-TTI grants triggering aperiodic CSI based on the subframe in which CSI is transmitted, the actual subframe used for CSI transmission is used to determine the valid reference resource.
2. For eLAA HARQ-ACK and periodic CSI reporting, define a HARQ-ACK cell group in which the HARQ-ACK and periodic CSI are always reported only on the licensed carriers.

3. For aperiodic CSI reporting, define independent cell groups for the licensed and unlicensed carriers. Aperiodic CSI cannot be triggered across cell groups. 

a. Only one aperiodic CSI reporting group consisting of unlicensed carries can be defined under the CA framework.
4. Periodic CSI on the licensed carrier and aperiodic CSI on the unlicensed  carrier can be simultaneously reported
5. UE gives higher priority to UCI on the licensed carrier especially if it contains HARQ-ACK

a. Available power can be shared with an unlicensed carrier when the unlicensed transmission would likely be lost otherwise.

b. If UCI piggybacking is expected on the licensed carrier, the UE may choose to drop the PUSCH on the licensed carrier and transmit UCI on the PUCCH and allocate the rest of the power to the unlicensed carrier if the UE believes that it may lose the channel on the unlicensed carrier.
6. If there is additional power at the UE, the PUSCH carrying aperiodic CSI on the unlicensed serving cell is prioritized over the rest of the serving cells.
7. The rest of the power is shared between a subset of carriers including the licensed and unlicensed carriers equally if a carrier is allocated non-zero power. 
8. UE capability determines whether it can react instantaneously to LBT outcomes. 

a. For a UE capable of reacting to LBT outcomes quickly, then it is up to UE implementation how the outcome of LBT is handled w.r.t to power allocation. The minimum configured power for the unlicensed serving cell on the UL is zero. It is up to the UE to ensure transmission power is consistent across the subframe. 

b. For a UE not capable of reacting to LBT outcomes quickly, eNB configures a minimum power for the unlicensed serving cell. If the LBT does not clear, then the UE does not use the transmit power.
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