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1
Introduction
In this document, we discuss some open aspects related to aperiodic CSI triggering for triggered UL grants in LAA. 
2
A-CSI triggering in two stage grants


Triggered UL grants in LAA are characterized by the following
1. PUSCH trigger A which allows the UE to build the MAC packet using the MCS, RV, NDI, HARQ ID etc. 

2. PUSCH trigger B and the information in the CPDCCH which determines when the UE should transmit the data packet constructed in the previous step. 

The minimum time delay between PUSCH trigger B and the transmission of the two stage grant is a UE capability (1, 2 or 3 subframe delay). In RAN1#86, it was agreed that 

Agreements: (RAN1#86)
· When CSI report is triggered using DCI 0A/4A/0B/4B, the reference subframe is the last valid subframe with reference to the subframe in which the CSI report is transmitted

· Note: This may not need any specification change
While the data packet may be constructed upon receipt of PUSCH trigger A, the reference subframe of A-CSI is in general expected to be latest valid reference subframe before the subframe in which UE performs its actual transmission.

In general, there may not be enough time between PUSCH trigger B and UL transmission subframe for the UE to compute A-CSI. Thus, the UE has to continuously compute the A-CSI report (and not just channel and interference estimates) for every new valid reference subframe once it has received PUSCH trigger A. This procedure would have a significant impact on the amount of computation needed at the UE and would unnecessarily reduce the number of parallel CSI processes which the UE can report A-CSI for.
To avoid this unnecessary computation at the UE and also to avoid potentially reporting stale A-CSI on other processes because the UE reached its computational limit we identify several possible options. We note that while a subset of options have been discussed in RAN1#86bis, there has been no resolution to the issue. 

2.1
Potential solutions

One simple solution which completely avoids the problem is to not trigger A-CSI using two stage grants. A-CSI can still be triggered by the eNB using fixed timeline grants (for which PUSCH trigger A is set to zero). 
Alternative 1: A-CSI cannot be triggered using two-stage grants.
However, we recognize that not being able to trigger A-CSI from two-stage grants could constrain the eNB scheduling behaviour. To enable A-CSI reporting in two-stage grants and to also not impose a large computational burden at the UE, we propose the following
Alternative 2: The reference subframe for trigger based UL grants is the earliest valid subframe from the subframe in which UE received PUSCH trigger A.
This alternative allows the UE to determine a fixed valid reference subframe based on the subframe in which PUSCH trigger A has been received. While the UE may report slightly older CSI due to the choice of the reference subframe, this is definitely more beneficial to the eNB than not being able to trigger A-CSI at all. For LAA small cells, where the mobility is not expected to be large in general, this can be an acceptable solution in general. 
A more complex alternative is to dynamically determine the reference subframe depending on the delay between the PUSCH trigger B and the subframe in which A-CSI is transmitted. 

Alternative 3: The reference subframe for A-CSI is a function of the delay between PUSCH trigger B and A-CSI reporting subframe.

1. If the delay is smaller than 4ms, then the reference subframe is the latest valid subframe before the subframe containing PUSCH trigger A

2. If the delay is greater than or equal to 4ms, then the reference subframe is the latest valid subframe before the A-CSI reporting subframe. 

While this alternative provides the eNB with the latest A-CSI in more scenarios, it requires the UE to compute the A-CSI twice in the scenario when the delay between PUSCH trigger B and A-CSI reporting subframe is more than 4ms. This is because the delay is only known when the PUSCH trigger B is received and the UE needs to be prepared for the scenario in which the delay is smaller than 4ms. 
Taking all these factors into consideration, we propose Alternative 2 to be option for further consideration.

Proposal: 
1.  The reference subframe for trigger based UL grants is the earliest valid subframe from the subframe in which UE received PUSCH trigger A.

A companion CR for this proposal is in [1].
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Conclusions
In this document, we discussed various options to enable A-CSI reporting for triggered grants in LAA SCells. We propose a solution which allows the eNB to obtain good CSI in most scenarios while strictly restricting the computational burden at the UE.
Proposal: 
1.  The reference subframe for trigger based UL grants is the earliest valid subframe from the subframe in which UE received PUSCH trigger A.
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