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Introduction
In RAN#72 the new WI on short TTI and reduced processing [1] was agreed. During the WI, the topic of CSI has been discussed in terms of processing time, reporting delay and UCI design for sPUCCH [2-10].  Since RAN1#90bis, the following agreements were made related to CSI reporting for sTTI.
	Agreements:
For A-CSI triggered by sDCI, the reporting timeline is the same as the sPUSCH scheduling timeline
Agreements:
A zero power/non-zero power CSI-RS configuration with an increased periodicity as compared to the legacy LTE is not supported/introduced
Agreements:
For the sTTI based aperiodic CSI reporting, the subband sizes are increased at least for 2/3os sTTI as compared to those of the legacy LTE.
- The subband size is FFS
Agreements:
· Only aperiodic CSI reporting is intended to be supported for the sTTI operation in Rel-15 WI with up to 3-bit trigger. 
· FFS: Restrictions


Additionally, the following items were marked for further studies in RAN1#90b. 
Proposed offline consensus: 
Under the 2-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, TBS scaling shall be performed.
· - FFS on the details of the TBS scaling.
Proposals:
Proposal 8: The UE shall assume the CRS overhead over the reference resource in one of the following ways:
- The CRS overhead is dependent on the presence of the CRS in the reference resource.
- A fixed CRS overhead shall be assumed over all reference resources.
   - FFS on how to define a fixed CRS overhead. 
Proposal 21: If a UE is configured with TM10 and multiple CSI processes for a serving cell,  the definition of the sTTI reference resource is FFS.
Proposal 22: Select between two alternatives at RAN1#90bis                          
  - Alternative 1: For the sTTI operation, all the aperiodic legacy CSI reporting modes are supported. 
  - FFS on reporting restrictions.
  - Alternative 2: For the sTTI operation, the aperiodic CSI reporting modes 1-2, 2-2 and 3-2 are not supported. 
  - FFS on further reduction of the aperiodic CSI reporting modes.
 In this paper, we provide a discussion on the CSI reporting for sTTI. This is a revision of R1-1712901.
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Legacy CSI Mechanisms
CSI reporting for 1ms TTI
CSI reporting consists of a different types of information subject to the downlink transmission mode. In the simplest downlink configuration (modes 1,2,3,7), there is no need of spatial information feedback and thus, only CQI is transmitted. For MIMO transmissions (mode 4,5,8,9,10), CQI is complemented with PMI, RI and/or CRI depending of the MIMO configuration. The length of the report can be from 1 subframe PUCCH/PUSCH transmission to several subframes for larger reports (e.g. TM10 reports for class B CSI takes 3 subframes). 
CSI can be reported periodically or in response to aperiodic triggers. Its periodicity is typically larger than a subframe (1ms), e.g. a typical value for the CSI periodicity in FD-MIMO is 5ms. Even larger periodicities are seen when the UE is not having any traffic but its CSI is monitored. 
Aperiodic triggered transmission can be configured in between periodic transmissions. Hence, the flexibility offered by the legacy CSI framework makes it suitable for sTTI user. It remains to be investigated to what extent the framework can be used beneficially (i.e. some settings may not be suitable for a sTTI user), however this is an implementation issue that does not have a standard impact. 
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Challenges when applying Legacy CSI on sTTI scale
Given that sTTI aims at shortening the LTE latency, one could intuitively think that adapting the CSI reporting procedure to the new sTTI duration would be beneficial. However, the specificities of sTTI should be considered. 
Firstly, sTTI has a rather larger control and reference signal overhead. With as much as half of the UL sTTI occupied by reference signaling already, increasing the overhead to accommodate more frequent CSI measurements and reporting would be costly. Secondly, if CSI reporting is to be done in the sTTI time scale, shorter CSI reporting delay will put an increased burden on the UE capability. Today an aperiodic CSI feedback requested in TTI n is reported in TTI n+4. So, UEs must perform channel measurement and compute the CSI report in less than 3ms. When applying CSI reporting on sTTI scale, the intention is to reduce the CSI feedback delay and thus the CSI processing delay. If this is linearly downscaled with TTI length, around 0.5ms will be available for CSI processing with a 2os sTTI. This is a quite substantial CSI processing time reduction. In particular, it should be noted that after reception of TTI n, the processing for performing CSI measurements (channel quality measurement, precoder selection) as such do not depend on the TTI length. Thus, it is questionable whether the existing CSI reports can be computed in such a reduced time.
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CSI reporting modes for sTTI transmission rate 
In RAN1#90bis it was agreed to not support periodic CSI reporting for sTTI. 
When it comes to aperiodic CSI reporting, within the legacy framework of CSI reporting, a sTTI user may benefit from faster feedback of some of the CSI report types. Depending of the UE capability in terms of processing time, and which part of CSI is benefiting from a more frequent report, more frequent sPUSCH (i.e. aperiodic) CSI reports could be considered. But as mentioned earlier, the reference signal overhead being quite substantial on sPUSCH, applying all existing aperiodic CSI reporting modes on sPUSCH should be avoided.  
Aperiodic reports mode can contain either wideband (mode 1-x) or frequency selective (mode 2-x and 3-x) CQI reports.  Mode 2-x has the UE controlling which band gets reported while mode 3-x is networked controlled.  Furthermore, PMI can also be narrowband (mode 1-1, 3-1) or frequency selective (mode 1-2,2-2, 3-2). 
 In principle, the CSI measurements performed on a TTI are valid and relevant for sTTI scheduling to a very large extent. CSI reporting based on 1ms TTI is able to capture sufficiently accurately the variation of the spatial properties of the channel. No additional gain is expected if PMI is reported more frequently than what is possible today on 1ms TTI. So, the eNB can base its scheduling decisions for sTTI on 1ms TTI CSI measurement and reporting. 
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As a consequence of Observation 3, the complicated and payload heavy aperiodic CSI reporting modes based on multiple PMI, i.e. Modes 1-2, 2-2, 3-2, do not need to be supported at sTTI transmission rate.
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CQI, however, reports the available MCS at a given time. This can change rather fast, based on interference condition, and having the CQI rate following the sTTI transmission rate could be beneficial, especially if the interference consists of other sTTI users. It is thus proposed to investigate CQI feedback for sTTI using sPUSCH. Aperiodic subband CQI reporting has the advantage to enable frequency selective scheduling. However, to simplify CSI reporting on sTTI, the UE selected subband CQI modes, i.e. modes 2-0 and 2-2, do not need to be supported. These reports provide a fragmented view of the CQI experienced by the UE over the system bandwidth and do not help the scheduler in case the UE selected subband cannot be scheduled to the UE due to other system level constraints. 
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CQI feedback needs between 4 to 8 bits depending on the number of transmitted codeword. On top of that, subband differential CQI requires two bits per subband. Given the lower payload in sPUSCH, to reduce the CQI reporting size differential CQI also for wideband CQI could be used, anchoring the measurement to e.g. a full (non- differential) measurement every x ms. 
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	Agreement:
The sRBG size for resource allocation type 0 is defined as per below table for both 2/3os and 7os sTTI using an sPRG size of 2:
Table 1
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	6
	6
	12
	12





[bookmark: _Toc497214012][bookmark: _Toc497214107][bookmark: _Toc497214181][bookmark: _Toc497292497][bookmark: _Toc497809993]Subband allocation is dependent of the reporting mode. Type 0 resource allocation subband size is given in Table 2, along with the proposed sTTI subband sizes for 2/3os. 
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	[bookmark: _Hlk497225913]System Bandwidth
	Concerned STTI bandwidth 
	RBG size
Type 0
	sRBG size
	Subband Size
Mode 3-x

	Subband Size
Mode 2-x
	STTI Subband Size
Mode 3-x
	STTI Subband Size
Mode 2-x

	

	
	
	
	(k)
	(k)
	(k)
	(k)

	6 – 7
	1.3MHz
	1
	1
	NA
	NA
	NA
	NA

	8 – 10
	
	1
	1
	4(4xRBG size)
	2(2xRBG size)
	4(4x sRBG size)
	4(2x sRBG size)

	11 – 26 3 5MHz
	3MHz 5MHz
	2
	6
	4(2xRBG size)
	2(1xRBG size)
	12(2x sRBG size)
	6(1x sRBG size)

	27 – 63  10 MHz
	10MHz
	3
	12
	6(2xRBG size)
	3(1xRBG size)
	24(2x sRBG size)
	12(1x sRBG size)

	64 – 110 15 20MHz
	15MHz 20MHz
	4
	12
	8 (2xRBG size)
	4(1xRBG size)
	24(2x sRBG size)
	12(1x sRBG size)
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The subband sizes are then given in Table 3 for bandwidth 5 to 20MHz.
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	Type
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	sRBG
	6
	6
	12
	12

	Subband size (reporting modes 3-x)
	12
	12
	24
	24

	Subband size (reporting mode 2-x)
	12
	12
	12
	12



In case of 1.4 MHz or 3 MHz system bandwidth, the RBG size is re-used from legacy and the PRG size is 2 for sTTI operation. Therefore, the subband size is as follow
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	Type
	1.4 MHz
	3 MHz

	sRBG
	6
	6

	Subband size (reporting modes 3-x)
	NA
	12

	Subband size (reporting mode 2x-)
	NA
	6
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CSI computation and reference subframe considerations
the UE sends a CQI that reports a TBS and Modulation combination that will produce a transport block error probability of no more than 10 percent. However, the current CQI mapping table assume a subframe based PDSCH for the TBS. Under the 2-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, TBS scaling shall be performed to account for the payload difference.  
Excluding reference REs and sPDCCH REs, the difference between a 2os and 3os is 30%, that is to say, the TBS reported for a 3os should be multiplied by a factor of X = 2/3.
However, another alternative to scaling is to exclude the 3os sTTI from the valid sTTIs for CSI feedback calculation. There is only 1 or 2 sTTIs for each subframe with 3 symbols and one could exclude them from the group of valid CSI references. 
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CRS overhead varies from sTTI to sTTI in a subframe. However, the payload penalty for CRS for the whole subframe is given by the average CRS overhead per sTTI.  This is a more meaningful measure for the CQI calculation as the UE does not know what sTTI in the subframe will be used for the downlink scheduling of PDSCH. It is therefore proposed to use a fixed average CRS overhead. With an average overhead, the CRS impact on the scheduled DL transmission is that every sTTI gets the same amount of puncturing due to the CRS overhead. Using the worst case, sTTI with no CRS would be excessively punctured and thus under-utilized.  
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Number of CSI processes
TM9-10 considerations
The current sets of proposals for TM9-10 set the reference resource for CSI computation as the sTTI triggering the CSI report when a single CSI process is configured. Moreover, it is preferable to have CSI processes confined to one sTTI, both for latency reason and to enable CoMP to work efficiently. If the TM10 (CoMP) user is reporting multiple CSI process, it is intuitive to have the same TTI of resource sets for different hypotheses regarding the cooperative TX points.  Hence, the reports would be more “timely-local” and feasible for faster point selection and comparison at eNB and easier cooperation by different points.
This means that the triggering sTTI must also contain CSI-RS. According to legacy positions of CSI-RS, CSI RS can be transmitted during sTTI number 2,4 and 5. STTI number 2 can handle 8 CSI-RS ports, STTI 4 can handle 24 ports and STTI 5, 8 ports. Therefore, the maximum number of ports for a given valid CSI-RS reference sTTI would be 8 ports. Depending of the configuration, this can translate to a maximum of 8 CSI process. However, the CSI would be based on a single RE and would not be very reliable, it is therefore proposed to use two CSI-RS ports per process. No specification impact is foreseen to configure the CSI processes as the definition of 2ports CSI-RS can be re-used. Each CSI process uses then one CSI-RS in each valid CSI reference sTTI OFDM symbol.
[bookmark: _Toc497214184][bookmark: _Toc497292500][bookmark: _Toc497809996][bookmark: _Toc497810106][bookmark: _Toc497826633][bookmark: _Toc497985259][bookmark: _Toc498680860][bookmark: _Toc498681733][bookmark: _Toc497214022]At least 8 CSI RS are present in any sTTI containing CSI-RS.
[bookmark: _Toc497214117][bookmark: _Toc497214192][bookmark: _Toc497292508][bookmark: _Toc497810003][bookmark: _Toc497810107][bookmark: _Toc497826634][bookmark: _Toc497985260][bookmark: _Toc498680861][bookmark: _Toc498681734]A maximum of 8 ports of CSI-RS can be supported for a valid sTTI reference resource. 
[bookmark: _Toc497214023][bookmark: _Toc497214118][bookmark: _Toc497214193][bookmark: _Toc497292509][bookmark: _Toc497810004][bookmark: _Toc497810114][bookmark: _Toc497826641][bookmark: _Toc497985268][bookmark: _Toc498680868][bookmark: _Toc498681741]Proposal 7 A maximum of 4 CSI processes using two CSI-RS ports can be supported for a valid sTTI reference resource. 
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However, if the same TM is configured for both 1ms TTI and sTTI, the sTTI user can use the full 1ms TTI to configure CSI reporting. In this case, legacy restriction on CSI reference apply. 
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Conclusion
In section 2 we made the following observations:
Observation 1	The legacy CSI framework is suitable for sTTI users
Observation 2	Support of full extent of today’s CSI reporting on sTTI scale is challenging
Observation 3	Spatial information such as PMI/RI measurement and reporting based on 1ms TTI are suitable for sTTI scheduling
Observation 4	Aperiodic CQI feedback on sPUSCH could be beneficial
Observation 5	Differential CQI feedback on sPUSCH could be beneficial from the payload point of view
Observation 6	The current definition of subbands needs to be extended to account for the scaled granularity.
Observation 7	There are enough 2os sTTI to be reference for CSI feedback
Observation 8	At least 8 CSI RS are present in any sTTI containing CSI-RS.
Observation 9	A maximum of 8 ports of CSI-RS can be supported for a valid sTTI reference resource.

Based on the discussion in section 2 we propose the following: 
Proposal 1	Aperiodic sPUSCH CSI feedback modes 1-2, 2-2 and 3-2 are not supported for sTTI
Proposal 2	Aperiodic CSI feedback modes 2-0 and 2-2 are not supported for sTTI
Proposal 3	Subband granularity is increased to account for the sRBG size as shown in Table 3 and Table 4.
Proposal 4 Only 2os sTTI are valid CSI reference sTTIs for 2/3os.
Proposal 5 If a 3os sTTI is a valid CSI reference sTTI, when computing CQI based on a 3os reference sTTI the UE shall scale the TBS by a factor X=2/3.
Proposal 6 The UE shall assume a fixed CRS overhead over the reference resource, defined as the average overhead over the DL subframe.
Proposal 7 A maximum of 4 CSI processes using two CSI-RS ports can be supported for a valid sTTI reference resource.
Proposal 8  Reuse the legacy definition and configurations of two ports CSI-RS.
Proposal 9 For a sTTI user configured with the same TM as 1ms TTI, the 1ms TTI can be use for CSI feedback. Legacy CSI-RS restrictions on CSI reference and processes can be supported.
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Appendix Email Discussion status
Offline consensus: 
· Only aperiodic CSI reporting is intended to be supported for the sTTI operation in Rel-15 WI with up to 3-bit trigger.
· - FFS: Restrictions
· The A-CSI triggered by sDCI is reported via sPUSCH. 
· For A-CSI triggered by sDCI, the reporting timeline is the same as the sPUSCH scheduling timeline.
· A zero power/non-zero power CSI-RS configuration with an increased periodicity as compared to the legacy LTE is not supported/introduced.
· For the sTTI based aperiodic CSI reporting, the subband sizes are increased at least for 2/3os sTTI as compared to those of the legacy LTE.
· - The subband size is FFS.
· 
Proposed offline consensus: 
· For enabling fast CSI reporting (if supported), the CSI reference resource is defined based on the sTTI length.
· Under the 2-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, TBS scaling shall be performed.
· - FFS on the details of the TBS scaling.
· If A-CSI is triggered from sDCI, the sTTIs in MBSFN subframes are not considered as valid downlink sTTIs for TM1-8. 
· A DCI only triggers a CSI reporting on PUSCH and sDCI only triggers a CSI reporting on sPUSCH.
proposals
Proposal 6: The UE shall assume no CSI-RS overhead over the reference resource.
Proposal 5: Over the reference resource, the UE shall derive the control overhead based on the configured RB sets.    
Proposal 7: The UE shall assume no DMRS overhead over the reference resource if it is not configured with one of the DMRS-based TMs.
Proposal 8: The UE shall assume the CRS overhead over the reference resource in one of the following ways:
- The CRS overhead is dependent on the presence of the CRS in the reference resource.
- A fixed CRS overhead shall be assumed over all reference resources.
   - FFS on how to define a fixed CRS overhead.
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 signalling should not be less than X. FFS X.
Proposal 18: Under the 2-symbol sTTI operation, if CFI = 2 or 3, sTTI#0 is not a valid DL sTTI.
Proposal 19: If a UE is configured with TM1-9 or TM10 with a single CSI process for a serving cell, then the triggering sTTI, if it is a valid DL sTTI, is the reference resource.
Proposal 20: If a UE is configured with TM1-9 or TM10 with a single CSI process for a serving cell, if the triggering sTTI is a not valid DL sTTI, the former sTTI is considered as a reference resource.
Proposal 21: If a UE is configured with TM10 and multiple CSI processes for a serving cell, the definition of the sTTI reference resource is FFS.
Proposal 27: Whether some restrictions on the number of back-to-back CSI reporting triggers should be introduced or not is FFS.

Proposal 22: Select between two alternatives at RAN1#90bis                          
- Alternative 1: For the sTTI operation, all the aperiodic legacy CSI reporting modes are supported. 
   - FFS on reporting restrictions.
- Alternative 2: For the sTTI operation, the aperiodic CSI reporting modes 1-2, 2-2 and 3-2 are not supported. 
   - FFS on further reduction of the aperiodic CSI reporting modes.
Proposal 25: The ratio of the PDSCH EPRE to CSI-RS EPRE for 1ms TTI and sTTI are:
- Option 1: Identical.
- Option 2: Set separately.
Proposal 27: Whether some restrictions on the number of back-to-back CSI reporting triggers should be introduced or not is FFS.
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