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1. Introduction
At the RAN1 #86 meeting, some agreements were achieved regarding to reduced processing time for 1ms TTI, such as the support of minimum timing for UL grant to UL data and for DL data to DL HARQ, the support of UL PHICH-less asynchronous HARQ operation [1]. According to the schedule and objective of the work item on shortened TTI and processing time for LTE [2], impact on CSI feedback and processing time for 1ms TTI should be studied from RAN1#86bis. In this contribution, we present our views on CSI feedback for 1ms TTI with reduced processing time. The discussion on CSI feedback for shortened TTI with shortened processing time can be found in our companion contribution [3].
2. Reference resource for CSI measurement 
In this WI, the shortened processing time is assumed to support a reduced minimum timing between DL data and HARQ-ACK and between UL grant and UL data for 1ms TTI. Therefore, the CSI feedback delay and processing time can also be shortened compared to legacy operation. To enable this, some modifications may be needed. In the following, we will firstly discuss the CSI reference resource for a UE configured with 1ms TTI and processing time reduction. 
In current LTE, the CSI reference resource for a serving cell is defined as follows [4]:
	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.
 […]



For the sake of simplicity, only a part of specification description for the CSI reference resource is extracted and copied as above. RAN1 should consider the potential impact of the introduced shortened processing time for 1ms TTI on the above timings of reference resources for CSI measurement, and the relationship between the reference resource and the corresponding CSI request in an uplink DCI format. 
Proposal 1:
· Consider the specification impacts of the introduced shortened processing time for 1ms TTI on the following aspects:
· Reference resource definition for CSI measurement for periodic CSI and aperiodic CSI reportings.
· Relationship between reference resource for CSI measurement and its timing relationship with aperiodic CSI request in an uplink DCI format.

In our view, following two alternatives can be considered to define the CSI reference resource for both periodic CSI (P-CSI) reporting and aperiodic CSI (A-CSI) reporting.

Alt. 1: Apply existing definition of CSI reference resource for 1ms TTI with shortened processing time.
The main benefit of Alt. 1 is no specification change for 1ms TTI with shortened processing time. For P-CSI reporting, both the measurement time and the reporting interval are maintained as in legacy LTE. Fast CSI feedback cannot be realized for P-CSI reporting. For A-CSI reporting, current definition keeps the same timing between the UL grant and CSI reference resource so that the time difference between UL grant with triggered CSI request and its scheduled UL data transmission with A-CSI reports could be shorter than 4 subframe. Both the measurement time and the reporting interval are reduced and therefore, fast adaptation for A-CSI reporting can be achieved. However, keeping UL grant and CSI reference resource in the same subframe not only strains the available processing time for A-CSI reports, but also put restrictions on CSI-RS transmission.

Alt. 2: Change existing definition of CSI reference resource for 1ms TTI with shortened processing time.
For P-CSI reporting, nCQI_ref can be defined as the smallest value greater than or equal to X, such that it corresponds to a valid downlink or valid special subframe. The value of X can be smaller than 4 and configured by higher layers. For example, the X value can be UE specific which is related to the UE capability or UE common which is tied with the supported minimum processing time, e.g., n+3 or n+2. As shown in Fig. 1, with Alt. 2, P-CSI reporting can benefit from the reduced processing time reduction for 1ms TTI.
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Fig. 1 Example of CSI reference resource for P-CSI reporting 
For A-CSI reporting triggered by a UL grant, nCQI_ref can be defined as equal to X and subframe n-nCQI_ref corresponds to a valid downlink or valid special subframe, where subframe n-nCQI_ref can be a different subframe from the corresponding CSI request in the UL grant. For example, as shown in Fig. 2, the CSI reference resource can be in the subframe that is after or before the subframe where corresponding CSI request in the UL grant is received. Depending on the network configuration, either relaxed processing time reduction or fast adaptation for A-CSI reporting can be realized. 
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Fig. 2 Example of CSI reference resource for A-CSI reporting 
In summary, Alt. 1 has no specification impact while only A-CSI can realize fast adaptation; Alt. 2 has some flexibility for the network to select fast adaptation and/or relaxed processing time reduction for both P-CSI and A-CSI reporting. However, some specification efforts are needed.

Proposal 2:
· CSI reference resource for 1ms TTI with reduced processing time should be defined.
· Following two alternatives can be considered. 
· Alt. 1: Apply existing definition of CSI reference resource.
· Alt. 2: Change existing definition of CSI reference resource.

3. [bookmark: OLE_LINK12]UE behavior on aperiodic CSI feedback 
For A-CSI reporting, current specification specifies that a UE is not expected to receive more than one aperiodic CSI report request for a given subframe since there was no need to require UE to handle more than one A-CSI reporting in the same subframe. However, for the UE configured with 1ms TTI with shortened processing time, further investigation is needed on whether above specification can still hold if the UE supports dynamic processing time change on one carrier or if the UE is configured with UL-CA and different processing times are applied to different component carriers. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Alt.1 is to keep the legacy UE behavior that a UE is not expected to receive more than one aperiodic CSI report request for a given subframe. 
Alt. 1 imposes scheduling restrictions at the eNB side. Once the A-CSI report on a subframe is already scheduled by a UL grant, the eNB cannot send the UL grant with triggered A-CSI report request for a subframe overlapping with the subframe in which A-CSI report is already requested. For example, as shown in Fig. 3, if a UL grant for CC1 with legacy processing time is transmitted on subframe n-x which requests A-CSI report on PUSCH at subframe n+k, UL grant for CC2 with shortened processing time which schedules PUSCH within subframe n+k cannot request A-CSI report.  
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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Fig. 3 A UE is not expected to receive more than one A-CSI report request for a given subframe 
[bookmark: _GoBack]
Alt. 2 is to change current UE behavior that a UE is expected to receive more than one A-CSI report request for a given subframe.
Alt. 2 does not impose any scheduling restriction at eNB side, depending on UE capability, high performance UE can transmit multiple A-CSI reports based on more than one A-CSI report requests for a given subframe, while low performance UE needs to select one A-CSI request to transmit one A-CSI report based on the latest or oldest A-CSI report request. Fig. 4 gives an example.
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Fig. 4 UE behavior when more than one A-CSI report requests for a given subframe are received 

Proposal 3:
· Further study is needed on whether more than one aperiodic CSI report request for a given subframe can be received for a UE configured with shortened processing time

4. Conclusion
In this contribution, we presented our views on CSI feedback for 1ms TTI with reduced processing time including the definition of CSI reference resource and UE behavior on A-CSI feedback. Following proposals were made:
Proposal 1:
· Consider the specification impacts of the introduced shortened processing time for 1ms TTI on the following aspects:
· Reference resource definition for CSI measurement for periodic CSI and aperiodic CSI reportings.
· Relationship between reference resource for CSI measurement and its timing relationship with aperiodic CSI request in an uplink DCI format.
Proposal 2:
· CSI reference resource for 1ms TTI with reduced processing time should be defined.
· Following two alternatives can be considered. 
· Alt. 1: Apply existing definition of CSI reference resource.
· Alt. 2: Change existing definition of CSI reference resource.

Proposal 3:
· Further study is needed on whether more than one aperiodic CSI report request for a given subframe can be received for a UE configured with shortened processing time
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