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1	Introduction
This paper is a revised version of R1-1712785.
In legacy LTE, two types of CSI reporting are adopted: (1) aperiodic CSI reporting, and (2) periodic CSI reporting, where the former scheme provides support for sub-band reporting (both UE-selected and configured by a higher layer signaling) as well as wideband reporting, while the latter scheme provides support for wide-band reporting as well as UE-selected sub-band reporting. The aperiodic CSI reporting is triggered via a CSI request field within the DCI formats 0 and 4, where the interpretation of the bits is indicated via a higher-layer signaling. Under the periodic CSI reporting, the type of reporting as well as the transmission modes are signaled to the UE; based on this information, a UE can deduce the reporting mode. 
For sTTI capable user, besides the need for 1ms TTI reporting, a separate CSI reporting for the low latency operation may need to be supported. This is because, since these operations have different requirements and provide different performances, in general, it is reasonable to assume that their TMs can be configured separately. 
Proposal 1: The TMs of the 1ms LTE and sTTI operation should be configured independently.
In this paper, we discuss the issues related to CSI reporting configuration/triggering under the sTTI operation. 
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2.1    Reference Resource, Reporting Timeline and Reporting TTI
The gains of enabling the fast CSI (shorter measurement time and reporting time) were shown extensively during the SI. By supporting this feature, significantly better link adaptation and interference estimation can be achieved. However, an extensive legacy LTE-like reporting is not needed since it imposes processing complexities at the UE. Hence, introducing some relaxations is essential. To realize these gains, at least the aperiodic CSI reporting should be supported.
Proposal 2: CSI reporting for the sTTI operation is supported in Rel-15 WI. 
Proposal 3: At least the aperiodic CSI reporting for sTTI should be supported.
To fully gain from the fast CSI reporting, it is essential to define the reference resources and the reporting granularity based on the sTTI lengths. 
Proposal 4: For enabling CSI reporting in sTTI operation, the CSI reference resource is defined based on the sTTI length. 
Under the aperiodic CSI reporting mode, the reference resource is, in general, the sTTI wherein the reporting is triggered. Hence, in a 2-symbol sTTI operation, the reference resource could be either a 2-symbol or a 3-symbol sTTI. According to TS 36.213, A UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 which satisfies the following condition:
· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1.
Hence, the TBS should be deliverable over the reference resource. Likewise, under the 2-symbol sTTI operation, it is important to guarantee that the CQI index is derived regardless of whether the reference resource is a 2-symbol or a 3-symbol sTTI. This can be done by down-scaling the TBS over the 3-symbol sTTI. In other words, for the purpose of CQI 

computation, it can be assumed that the last symbol of a 2-symbol sTTI cannot be used for data transmission. This is a valid assumption especially if RAN1 defines the same TBS scaling factor for both 2-symbol and 3-symbol sTTIs.
Proposal 5: For the 2/3-symbol sTTI operation, the sTTI reference resource is defined based on the CSI reporting timing, and can be a 2-symbol or a 3-symbol sTTI. If based on the timing, a 3-symbol sTTI is a reference resource, for CSI computation, the UE shall assume that only 2 data symbols are available.
Another aspect to consider for CSI computation is as follows: in legacy LTE, in order to derive the CQI index, PMI and RI, a UE shall assume a certain level of overhead over the CSI reference resource as defined in TS 36.213. In general, the legacy LTE assumptions can be borrowed for the sTTI operation as well. One main difference, however, is the control overhead that the UE should assume when computing the CSI. In particular, unlike the legacy LTE, assuming a wideband control (like PDDCH) is not efficient since it leads to a significant gap between the reported CQI index and the actual CQI that the channel can support. 
Note that the RB sets are configured via RRC signaling (vary at slow rate), but CSI for sTTI is reported at a faster rate. Hence, if the reference resource is a 2-symbol sTTI, a 3-symbol sTTI or slot1 of a subframe, the UE should consider the RB sets configured for it as the control overhead for the purpose of CSI computation. This approach is suitable for both wideband as well as the sub-band based reporting. For the sub-band based reporting, in order to compute the CSI for each sub-band, some resources should be removed from the CSI computation procedure in case they are overlapping with one of the RB sets. Equivallently, other flavors of this approach can also be considered. As an example, a UE may only consider the resources used for its own grant as control overhead, i.e., it rate-matches around its own sPDCCH, and assumes that the remaining RB set resources are available for data transmission; hence, they can be taken into account in performing the CSI computation.
Proposal 6: In the reference resource, the UE shall derive the control overhead based on the configured RB sets.    
In legacy LTE, the MBSFN subframes are not considered as valid downlink subfrmaes for TM 1-8. Hence, an MBSFN subframe cannot be defined as a CSI reference resource. However, since up to 3 consecutive subframes can be configured as MBSFN subframes, if CSI reporting is not allowed in these subframes, the sTTI performance may degrade. Hence, for CRS-based CSI reporting, the sTTIs in MBSFN subframes can be considered as valid reference resources. For channel estimation, the CRS symbol within the PDCCH can be used (or combined with some of the past CRSs.) For the interference computation, the CRS in control region should not be taken into account since the control and data regions experience different interference profiles. In such a case, only the past CRSs within the non-MBSFN subframes should be used.
Proposal 7: For TM1-9, the sTTIs in the MBSFN subframes should be considered as valid DL sTTIs, and be used as reference resources.
In terms of CSI reporting, there are two aspects two consider: (1) CSI reporting granularity, and (2) the reporting channel.
Based on the same reason that the reference resources should be defined in an sTTI unit, in order to estimate the channel and interference quickly and accurately, the reporting timeline should also be defined at the sTTI level. 
Proposal 8: The reporting timeline for sTTI aperiodic CSI reporting is defined based on the sTTI length.
To do this, there are two ways: (1) the CSI reporting timeline follows the same UL scheduling timeline configured for a UE. As an example, under the 2-symbol sTTI, if a user is configured with the processing timing of , the aperiodic CSI reporting follows the same timeline. Alternatively, the reporting timeline could be dependent on the CSI reporting mode. In particular, for the reporting modes involving more complex computations, a more relaxed reporting timeline can be configured.
Proposal 9: The reporting timeline of the aperiodic CSI reporting for sTTI can be configured based on the reporting mode.
Similarly, the aperiodic CSI reporting should be reported back over the sTTI channel.
Proposal 10: The aperiodic CSI for the sTTI operation is reported via sPUSCH. 



2.2    UE Capability, CSI Triggering and Supported Modes
If aperiodic CSI reporting for the sTTI operation is adopted, then one question that arises is that how should it be triggered. In this regard, both DCI and sDCI can be used to trigger the sTTI reporting, while the 1ms TTI based reporting is only triggered via DCI. Triggering the sTTI CSI reporting via the legacy DCI is useful for the cases, where the user is not scheduled for some time; this approach can be used as a keepalive mechanism. 
Proposal 11: A DCI triggers a CSI reporting for 1ms TTI and sTTI and a sDCI/sPDCCH triggers a CSI reporting for sTTI.
When the sTTI based CSI reporting is supported, it is important to enable a UE to declare separate capabilities in terms of the maximum number of CSI processes that it supports under the sTTI and 1ms TTI operations. These capabilities are captured in the following proposals:
Proposal 12: For a bandwidth class with a single CC, the max. number of CSI processes supported on a CC within a band with PDSCH TM10 is reported separately for the 1ms TTI and sTTI operations.
Proposal 13: For a bandwidth class with multiple CCs, the max. number of CSI processes supported on a single CC within a band with PDSCH TM10 is reported separately for the 1ms TTI and sTTI operations.
Proposal 14: For a bandwidth class with multiple CCs, the max. number of CSI processes supported on all CCs within a band with PDSCH TM10 is reported separately for the 1ms TTI and sTTI operations.
Proposal 15: For the sTTI operation, the UE capability which indicates the maximum number of CSI processes to be updated per UE across CCs is reported separately from that of the 1ms TTI operation. 
· Maximum number of CSI processes to be updated indicated in the UE capability signaling should not be less than X. FFS X.

Note that Proposal 15, similar to eCA in Rel-13, imposes some restrictions on the maximum number of CSI processes that can be updated in the frequency dimension. Similar restrictions on the number of CSI processes that can be updated over a single cell (in the time-domain) are also introduced in the LTE specification for a UE which is configured with more than one CSI process for a serving cell. Given a tight processing timeline of sTTI, regardless of the TM, similar restrictions should be defined in order to limit the number of back-to-back triggers on a given cell. 

Proposal 16: For sTTI CSI reporting and all TMs, the number of back-to-back CSI requests over a given cell should be limited.   

Also, for TM9 and 10 in legacy LTE, the configuration of each CSI processes includes the indication of the ratio between PDSCH and CSI-RS EPRE. When a CSI process is configured for sTTI operation, this ratio should be set independent of that of the legacy LTE. 
Proposal 17: When a CSI process is configured for sTTI operation, the ratio between sPDSCH EPRE and CSI-RS EPRE should be set independent of that of the legacy LTE.
In terms of the supported modes, it would be beneficial to support all the legacy reporting modes, while reducing their computation complexities. This task can be accomplished in the following ways:
· Consider defining larger sub-bands (equivalently, a smaller number of sub-bands) for sub-band based CSI reporting.
· For PMI reporting, the codebook sizes should be restricted. In legacy LTE, codebook size restriction via RRC signaling is supported. However, in sTTI, since the interference is bursty, the interference spatial characteristics can change quickly, which impacts the PMI selection at the UE. Hence, a mechanism should be defined to allow a UE to monitor only a subset of the PMIs, but also enables a fast switching across different subsets. To do this, the eNB can partition all the possible PMIs associated with the configured TM into multiple sub-codebooks. Then, the UE will be indicated which sub-codebook to use for CSI computation either explicitly, i.e., via sDCI, or implicitly, e.g., based on the index of the sTTI triggering the report. This approach is especially useful for supporting the x-2 CSI reporting modes.
Proposal 18: For the sTTI operation, all the aperiodic legacy CSI reporting modes are supported. 


Proposal 19: The PMI codebook restriction should be implemented by defining a set of sub-codebooks, where a user is indicated which one to use based on the combination of the indices of the sTTI triggering the report and the subframe where the triggering sTTI is located.  
Finally, For TM9 and 10, since the channel measurement relies on the presence of the CSI-RS, more updated channel estimates can be acquired if the periodicity of CSI-RS is increased. However, one might argue that the channel variations are not different under the sTTI and TTI operations. Although this might be true, with the addition of sTTI operation in the network, interference is bursty, thereby varies at faster rate. To capture the interference conditions accurately, it is therefore important to increase the periodicity of IMR for sTTI based CSI reporting.
Proposal 20: An IMR configuration with an increased periodicity as compared to the legacy LTE should be supported.
3	Conclusions 
Proposal 1: The TMs of the 1ms LTE and sTTI operation should be configured independently.
Proposal 2: CSI reporting for the sTTI operation is supported in Rel-15 WI. 
Proposal 3: At least the aperiodic CSI reporting for sTTI should be supported.
Proposal 4: For enabling CSI reporting in sTTI operation, the CSI reference resource is defined based on the sTTI length. 
Proposal 5: For the 2/3-symbol sTTI operation, the sTTI reference resource is defined based on the CSI reporting timing, and can be a 2-symbol or a 3-symbol sTTI. If based on the timing, a 3-symbol sTTI is a reference resource, for CSI computation, the UE shall assume that only 2 data symbols are available.
Proposal 6: In the reference resource, the UE shall derive the control overhead based on the configured RB sets.    
Proposal 7: For TM1-9, the sTTIs in the MBSFN subframes should be considered as valid DL sTTIs, and be used as reference resources.
Proposal 8: The reporting timeline for sTTI aperiodic CSI reporting is defined based on the sTTI length.
Proposal 9: The reporting timeline of the aperiodic CSI reporting for sTTI can be configured based on the reporting mode.
Proposal 10: The aperiodic CSI for the sTTI operation is reported via sPUSCH. 
Proposal 11: A DCI triggers a CSI reporting for 1ms TTI and sTTI and a sDCI/sPDCCH triggers a CSI reporting for sTTI.
Proposal 12: For a bandwidth class with a single CC, the max. number of CSI processes supported on a CC within a band with PDSCH TM10 is reported separately for the 1ms TTI and sTTI operations.
Proposal 13: For a bandwidth class with multiple CCs, the max. number of CSI processes supported on a single CC within a band with PDSCH TM10 is reported separately for the 1ms TTI and sTTI operations.
Proposal 14: For a bandwidth class with multiple CCs, the max. number of CSI processes supported on all CCs within a band with PDSCH TM10 is reported separately for the 1ms TTI and sTTI operations.
Proposal 15: For the sTTI operation, the UE capability which indicates the maximum number of CSI processes to be updated per UE across CCs is reported separately from that of the 1ms TTI operation. 
· Maximum number of CSI processes to be updated indicated in the UE capability signaling should not be less than X. FFS X.

Proposal 16: For sTTI CSI reporting and all TMs, the number of back-to-back CSI requests over a given cell should be limited.   
Proposal 17: When a CSI process is configured for sTTI operation, the ratio between sPDSCH EPRE and CSI-RS EPRE should be set independent of that of the legacy LTE.
Proposal 18: For the sTTI operation, all the aperiodic legacy CSI reporting modes are supported. 
Proposal 19: The PMI codebook restriction should be implemented by defining a set of sub-codebooks, where a user is indicated which one to use based on the combination of the indices of the sTTI triggering the report and the subframe where the triggering sTTI is located.  
Proposal 20: An IMR configuration with an increased periodicity as compared to the legacy LTE should be supported.
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