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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. One of the objectives is to study any impact on CSI feedback and processing time for 1ms TTI.
This contribution discusses the CSI feedback design for 1ms TTI, mainly focuses on aspects for CSI reference resource and CSI reporting.
2 Discussion
In the RAN1#86 meeting, it was agreed that the minimum timing n+3 is supported for UL grant to UL data for UEs capable of operating with reduced processing time, which is shorter than the minimum timing n+4 in legacy LTE system. Shorter delay would be also beneficial for CSI feedback, which may involve the delay between CSI reference resource and CSI reporting, and the delay between CSI triggering and CSI reporting for aperiodic CSI. 
CSI reporting 

For aperiodic CSI reporting for UEs capable of operating with reduced processing time, it is beneficial to support the minimum timing n+3 for aperiodic CSI trigger to aperiodic CSI reporting. It was already agreed that the minimum timing n+3 is supported for UL grant to UL data. On the one hand, if the minimum timing for aperiodic CSI trigger to aperiodic CSI reporting is still n+4 as in legacy LTE system, one UL grant with aperiodic CSI request received in subframe n will trigger one PUSCH transmission in subframe n+3 and one aperiodic CSI transmission in subframe n+4. It may result in low resource utilization efficiency since same resource allocation but aperiodic CSI and data may require different resource. Alternatively, two separate UL grants can be used for scheduling PUSCH and triggering aperiodic CSI, which may increase control overhead.  
Proposal 1: A minimum timing n+3 for UL grant with CSI request to PUSCH with the corresponding aperiodic CSI is supported for UEs capable of operating the minimum timing n+3 for UL grant to UL data for 1ms TTI.
CSI reference resource 
As defined in section 7.2.3 in 36.213 [2], for legacy LTE system, the CSI reference resource for a serving cell in the time domain is defined by a single downlink or special subframe n-nCQI_ref. For a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the minimum value of nCQI_ref is 4. For a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell and the serving cell is an FDD serving cell, the minimum value of nCQI_ref is 5. For a UE configured in transmission mode 10 with 2 or 3 configured CSI processes for the serving cell and the serving cell is a TDD serving cell, the minimum value of nCQI_ref is 4. For a UE configured in transmission mode 10 with 4 configured CSI processes for the serving cell and the serving cell is a TDD serving cell, the minimum value of nCQI_ref is 5. For a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell and the serving cell is a LAA serving cell, the minimum value of nCQI_ref is 5.
Correspondingly, for UEs capable of operating with reduced processing time n+3, the CSI reference resource for a serving cell in time domain is also defined by a single downlink or special subframe n-nCQI_ref. For a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the minimum value of nCQI_ref is 3. For a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell and the serving cell is an FDD serving cell, the minimum value of nCQI_ref is 4. For a UE configured in transmission mode 10 with 2 or 3 configured CSI processes for the serving cell and the serving cell is a TDD serving cell, the minimum value of nCQI_ref is 3. For a UE configured in transmission mode 10 with 4 configured CSI processes for the serving cell and the serving cell is a TDD serving cell, the minimum value of nCQI_ref is 4. For a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell and the serving cell is a LAA serving cell, the minimum value of nCQI_ref is 4. However, it may require higher processing capability for UEs since less time for UE to prepare the CSI before reporting depend on UE implementation.   
Proposal 2: The CSI reference resource for a serving cell in the time domain is defined by a single downlink or special subframe n-nCQI_ref for UEs capable of operating the minimum timing n+3 for UL grant to UL data for 1ms TTI, where
· For a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 3.
· For a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell and the serving cell is an FDD serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 4.
· For a UE configured in transmission mode 10 with 2 or 3 configured CSI processes for the serving cell and the serving cell is a TDD serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 3.
· For a UE configured in transmission mode 10 with 4 configured CSI processes for the serving cell and the serving cell is a TDD serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 4.
· For a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell and the serving cell is a LAA serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 4.
3 Conclusion
This contribution discusses the CSI feedback design for 1ms TTI, mainly focuses on aspects for CSI reference resource and CSI reporting. Based on the discussion, we have the following proposals:

Proposal 1: A minimum timing n+3 for UL grant with CSI request to PUSCH with the corresponding aperiodic CSI is supported for UEs capable of operating the minimum timing n+3 for UL grant to UL data for 1ms TTI.
Proposal 2: The CSI reference resource for a serving cell in the time domain is defined by a single downlink or special subframe n-nCQI_ref for UEs capable of operating the minimum timing n+3 for UL grant to UL data for 1ms TTI, where
· For a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 3.
· For a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell and the serving cell is an FDD serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 4.
· For a UE configured in transmission mode 10 with 2 or 3 configured CSI processes for the serving cell and the serving cell is a TDD serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 3.
· For a UE configured in transmission mode 10 with 4 configured CSI processes for the serving cell and the serving cell is a TDD serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 4.
· For a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell and the serving cell is a LAA serving cell, for both periodic CSI reporting and aperiodic CSI reporting, the minimum value of nCQI_ref is 4.
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Annex
If a UE is configured with n+3 timing for UL grant to UL data for 1ms TTI, “3” is used to replace the “4” of nCQI_ref value and “4” is used to replace the “5” of nCQI_ref value in section 7.2.3 in 36.213 [2]. The replacements are for periodic CSI reporting and aperiodic CSI reporting at least when the corresponding CSI request is transmitted in USS, details can be shown as below:

7.2.3
Channel Quality Indicator (CQI) definition
………

The CSI reference resource for a serving cell is defined as follows:
-
….
-
In the time domain and for a non-BL/CE UE configured with n+3 timing for UL grant to UL data for 1ms TTI, 

-
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 3, 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, and 

-
if aperiodic CSI reporting is triggered by DCI format 0A/0B/4A/4B with ‘PUSCH trigger A’ set to 1,
-
nCQI_ref  is the smallest value greater than or equal to 3, such that subframe n-nCQI_ref corresponds to a valid downlink subframe no later than the subframe in which DCI format 0A/0B/4A/4B with ‘PUSCH trigger A’ set to 1 is received. 

-
if aperiodic CSI reporting is triggered by DCI format 0A/0B/4A/4B with ‘PUSCH trigger A’ set to 0,
-
nCQI_ref  is the smallest value greater than or equal to 3, such that subframe n-nCQI_ref corresponds to a valid downlink subframe.

-
otherwise

-
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.

-
where for aperiodic CSI reporting, and the UE configured with the higher layer parameter csi-SubframePatternConfig-r12,
-
for the UE configured in transmission mode 1-9,
-
nCQI_ref  is the smallest value greater than or equal to 3 and subframe n-nCQI_ref  corresponds to a valid downlink or valid special subframe, where subframe n-nCQI_ref  is received on or after the subframe with the corresponding CSI request in an uplink DCI format;

-
if there is no valid value for nCQI_ref  based on the above conditions, then nCQI_ref  is the smallest value such that the reference resource is in a valid downlink or valid special subframe n-nCQI_ref  prior to the subframe with the corresponding CSI request, where subframe n-nCQI_ref  is the lowest indexed valid downlink or valid special subframe within a radio frame;

-
for the UE configured in transmission mode 10,
-
nCQI_ref  is the smallest value greater than or equal to 3, such that it corresponds to a valid downlink or valid special subframe, and the corresponding CSI request is in an uplink DCI format;

-
for a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the CSI reference resource for a given CSI process is defined by a single downlink or special subframe n-nCQI_ref,
-
where for FDD serving cell and periodic or aperiodic 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, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;
-
where for TDD serving cell, and 2 or 3 configured CSI processes, and periodic or aperiodic CSI reporting, nCQI_ref  is the smallest value greater than or equal to 3, such that it corresponds to a valid downlink or valid special subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;
-
where for TDD serving cell, and 4 configured CSI processes, and periodic or aperiodic 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, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;
-
where for LAA serving cell and periodic CSI reporting, nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe.

-
where for LAA serving cell and aperiodic CSI reporting, and  
-
if aperiodic CSI reporting is triggered by DCI format 0A/0B/4A/4B with ‘PUSCH trigger A’ set to 1,
-
nCQI_ref  is the smallest value greater than or equal to 4, such that subframe n-nCQI_ref  corresponds to a valid downlink subframe no later than the subframe in which DCI format 0A/0B/4A/4B with ‘PUSCH trigger A’ set to 1 is received.

-
if aperiodic CSI reporting is triggered by DCI format 0A/0B/4A/4B with ‘PUSCH trigger A’ set to 0,
-
nCQI_ref  is the smallest value greater than or equal to 4, such that subframe n-nCQI_ref corresponds to a valid downlink subframe.
