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1
Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI has been approved in [3]. The main objectives of the WI in [3] are given by: 
The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.

The detailed objectives are:

For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]
In RAN1#86 there was further progress related to reduced processing times for FS2:
Agreement:

· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 

· For FS2, new DL HARQ and UL scheduling timing relations will be defined

· Details FFS

· FFS:

· Possible minimum timing of n+2 TTI

· FFS max TA in this case

· FFS what other restrictions (if any) on when reduced processing times of n+2 could be applied

· Possibility of scheduling by EPDCCH.

Finally, RAN1#86bis concluded that operation with shortened processing times is limited to n+3 timing. 
In this contribution, we present our considerations related to implications that reduced processing times can have on CSI reporting and sounding reference signal transmissions, taking into account especially the points above.

2
Discussion
When reducing the UL scheduling delay from n+4 to n+3, it is natural to assume that also Aperiodic CSI reports triggered in subframe n are transmitted in subframe n+3. Otherwise a single UL grant might trigger transmission in two consecutive subframes, in n+3 for UL-SCH data and in n+4 for A-CSI, which hardly makes sense. 
Proposal 1: Transmission timing for an A-CSI report triggered through an UL grant follows the timing of the scheduled UL-SCH data.
Similarly, with Aperiodic SRS reporting there needs to be a clear definition for when the UE is expected to transmit the SRS at earliest. Following the same logic as with A-CSI, we think the UE should transmit A-SRS at the earliest available subframe (according to the SRS subframe configuration) three subframes after the reception of the UL grant carrying the A-SRS trigger.

Proposal 2: Aperiodic sounding reference signal triggered by an UL grant in subframe n is transmitted in the first available subframe n+3 or later, subject to the given UL subframe being configured for SRS transmission.
The remaining question relates to the definition of CSI reference resource. In LTE, the aperiodic CSI measurements and reporting typically follow the same timeline as UL scheduling: an A-CSI trigger received in subframe n implies measurements are done in that same subframe and the corresponding CSI reports are provided in subframe n+4. This is essentially the minimum delay between CSI measurements and related reports. There are a few exception to this rule, usually because of valid reference signals not being available in subframe n. This can be the case e.g. with TM9/10, when CSI-RS are utilized. The key part of the definition from TS 36.213 is copied below:

The CSI reference resource for a serving cell is defined as follows:

-
For a non-BL/CE UE, in the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates. For a BL/CE UE, in the frequency domain, the CSI reference resource includes all downlink physical resource blocks for any of the narrowband to which the derived CQI value relates.
-
In the time domain and for a non-BL/CE UE, 

-
for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the CSI reference resource is defined by a single downlink or special subframe n-nCQI_ref,
-
where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink or valid special subframe,

-
where for aperiodic CSI reporting, if the UE is not configured with the higher layer parameter csi-SubframePatternConfig-r12,. 

-
nCQI_ref  is such that the reference resource is in the same valid downlink or valid special subframe as the corresponding CSI request in an uplink DCI format.
-
 nCQI_ref  is equal to 4 and subframe n-nCQI_ref corresponds to a valid downlink or valid special subframe, where subframe n-nCQI_ref is received after the subframe with the corresponding CSI request in a Random Access Response Grant. 

When considering aperiodic CSI operation with reduced processing times, two basic options can be envisioned:

· The CSI reference resource is the subframe in which the A-CSI trigger is received, i.e. according to the current formulation nCQI_ref becomes equal to 3. This implies that the UE has 1 ms less for performing the CSI measurement.
· The CSI reference resource is defined to be four subframes prior to the reporting subframe. This implies that the UE will need to perform A-CSI measurement in every DL subframe just in case the eNB triggers an A-CSI report in the next one. Also the definition of the A-CSI reference resource would need to be modified 
We are of the opinion that also nCQI_ref should be defined taking into account reduced processing time capability that the UE has.  
Proposal 3: The definition of CSI reference resource for Aperiodic CSI reporting is applicable also with n+3 processing times, i.e. the reference resource is in the same valid downlink or valid special subframe as the corresponding CSI request in an uplink DCI format.
Correspondingly, we see that revising the definition of reference resource for periodic CSI reporting such that nCQI_ref is equal to 3 is well motivated, given that computational complexity associated with P-CSI reports is relatively modest.

Proposal 4: The definition of CSI reference resource for periodic CSI reporting is revised such that nCQI_ref is the smallest value greater than or equal to 3. 
3
Conclusions
In this contribution we have presented our views on latency reduction with 1-ms TTI, focusing on the timeline for CSI reporting and SRS transmission. Based on the discussion we make following proposals:
Proposal 1: Transmission timing for an A-CSI report triggered through an UL grant follows the timing of the scheduled UL-SCH data.
Proposal 2: Aperiodic sounding reference signal triggered by an UL grant in subframe n is transmitted in the first available subframe n+3 or later, subject to the given UL subframe being configured for SRS transmission.
Proposal 3: The definition of CSI reference resource for Aperiodic CSI reporting is applicable also with n+3 processing times, i.e. the reference resource is in the same valid downlink or valid special subframe as the corresponding CSI request in an uplink DCI format.
Proposal 4: The definition of CSI reference resource for periodic CSI reporting is revised such that nCQI_ref is the smallest value greater than or equal to 3. 
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