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Discussion and decision
1 Introduction
In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1] and updated in RAN#73 [2]. The objectives for processing time reduction with 1ms TTI are as below.

	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]


This contribution considers the aspect of CSI reporting for processing time reduction with 1ms TTI.
2 Discussions 
According to current specification, 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. Since the minimum timing from UL grant to UL data is reduced from n+4 to n+3 for a UE capable of operating with reduced processing time, it is beneficial for the UE to support the n+3 for the CSI reference resource. Otherwise, it may result in low resource utilization efficiency to allocate two control and/or data channel for aperiodic CSI reporting and UL data transmission. Therefore, 
in the last meeting, the following were agreed about CSI reporting for 1ms TTI with shortened processing time.
	· A UE configured with shortened processing time for 1ms TTI, the timing of reference resource for periodic CSI is revised such that nCQI_ref  is the smallest value greater than or equal to 3

· For serving cells configured with shortened processing time for 1ms TTI, aperiodic CSI reporting triggered by UL grant on USS follows the same timing as UL-SCH (i.e., n+3)

· FFS: The minimum value of nCQI_ref  for a UE configured with TM 10 with multiple CSI processes


Similar to the above agreement, for a UE configured in transmission mode 10 with multiple CSI processes, the smaller value of CSI reference resource than the legacy one can be considered. In current specification, for a non-BL/CE UE configured in transmission mode 10 with multiple CSI processes, the CSI reference resource (nCQI_ref) for a serving cell in time domain is defined in TS36.213 as follows:

- 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 5, 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 FDD serving cell and aperiodic CSI reporting nCQI_ref  is equal to 5 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.

-
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 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 aperiodic CSI reporting, 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;

-
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 5, 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 aperiodic CSI reporting, nCQI_ref  is equal to 5 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.

-
where for LAA serving cell and periodic CSI reporting, nCQI_ref  is the smallest value greater than or equal to 5, 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 5, 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 5, such that subframe n-nCQI_ref corresponds to a valid downlink subframe.

In other words, for a UE configured in transmission mode 10 with multiple CSI processes the CSI reference resource for a given CSI process is defined according to the number of configured CSI processes and frame structure type of the serving cell. Therefore, it is preferable to apply the same principle so that the minimum value of nCQI_ref can be reduced by 1 for each case
Proposal: The minimum value of nCQI_ref for a UE configured with TM 10 with multiple CSI processes can be reduced by 1 from the legacy nCQI_ref value for each case.

3 Conclusions
In this contribution, the aspect of CSI reporting for processing time reduction with 1ms TTI is provided and the following is proposed.
Proposal: The minimum value of nCQI_ref for a UE configured with TM 10 with multiple CSI processes can be reduced by 1 from the legacy nCQI_ref value for each case.
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