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Introduction
The objective of this email discussion is to collect the viewsof companies on enabling CSI reporting for sTTI operation.

Questions 

Question 1:In your view, is there any benefit in supporting fast CSI reporting for sTTI operation? Please explain the reasons for your response. 
· Note that the remaining questions will cover some design details in case fast CSI reporting is supported. 
	Company
	Views

	Huawei, HiSilicon
	Yes. 
Firstly, according to our simulation in R1-162618, fast CSI with short measurement interval and reporting periodicity could provide considerable gain. 
Secondly, according to the agreements on handling of collision between 1ms TTI and sTTI, it seems less chance for 1ms CSI to be transmitted once collision with sTTI. If sTTI relies on 1ms CSI, it can be expected that accurate CSI is usually not available and thus has impact on system information. In addition, even CSI is available sometimes, it may not be suitable for sTTI since the 1ms CSI feedback is too slow.

	Ericsson
	There can be some benefit to fastly adapt to interference that can vary on sTTI level with sTTI scheduling. The expected benefit can be captured by aperiodic CSI reporting. 

	Nokia, NSB
	We do not see a great need for sTTI-specific CSI reporting. For 1-ms case CSI reports with n+3 timeline are supported anyway, which already reduces the associated  latency significantly. Moreover, channel variations are not expected to be very fast, while interference may fluctuate significantly from one sTTI to another, making the usefulness of sTTI-specific reports questionable. 
Reporting a TTI-specific Aperiodic CSI over sPUSCH may be useful in some cases, to e.g. avoid collisions between PUSCH and sPUSCH. 

	Samsung
	Even though there is a benefit from using fast CSI reporting, it seems better not to have the functionality in Rel-15 due to the time limit. 

	ZTE, Sanechips
	Yes. The timely CSI helps the link adaption in some extent. But, according to simulation in R1-162398, we found the gain introduced by fast CSI based on sTTI is not much.  So, we think supporting only aperiodic CSI is sufficient. 

	LGE
	Yes. With sTTI operation, interference toward sTTI UE would fluctuate considerably per sTTI level since sTTI scheduling for other sTTI UEs will happen randomly. According to current specification, CSI measurement will be conducted per subframe basis. This will induce inaccurate CSI prediction and thus scheduler may overestimate or underestimate the interference level than actual one, which will cause too high or low MCS and inappropriate beam usage. Hence, sTTI-based CSI measurement and reporting should be supported. 

	Qualcomm
	Yes, 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, we believe an extensive legacy LTE-like reporting is not needed since it imposes processing complexities at the UE. Hence, introducing some relaxations is essential. 

	Motorola Mobility, Lenovo
	Faster CSI reporting can provide a more accurate CSI (e.g., in terms of interference measurement).



Summary of the views on Question 1:
8 companies responsded to this question:
· 4 companies (Huawei/HiSilicon, LGE, Qualcomm and Motorola/Lenovo) support the introduction of fast CSI reporting for sTTI operation
· 1 company (Samsung) proposes not to support fast sTTI CSI reporting in Rel-15.
· 3 companies (Ericsson, Nokia/NSB and ZTE/Snapechips) state that supporting only aperiodic CSI reporting is sufficient.
Based on the majority of the views, we have the following proposal:
Proposal 1: CSI reporting for the sTTI operation is supported in Rel-15 WI.

Question 2:Which of the following CSI reporting modes is supported for the sTTI operation?
· Option 1: Only periodic CSI reporting
· Option 2: Only aperiodic CSI reporting
· Option 3: Both
	Company
	Views

	Huawei, HiSilicon
	We prefer option 3.
Firstly, at least aperiodic CSI reporting should be supported for sTTI, which can provide faster CSI feedback. 
In addition, periodic CSI needs to be considered also. For small packet case, the typical model is burst traffic, in this case periodic CSI could provide the chance for eNB to choose an appropriate CSI faster with no addition delay on the transmission of data. 

	Ericsson
	Option 2. We do not see any motivation to support periodic CSI on sTTI due to sPUCCH performance limitation (especially at large payload) and limited added value of periodic CSI over aperiodic CSI. If CSI on sTTI is supported, RAN1 should spend the limited remaining time on defining a proper aperiodic CSI reporting framework.


	Nokia, NSB
	At least periodic CSI reporting is unnecessary, since the periodicity of the reporting will directly impact latency and very short periodicities are not practical.

	Samsung
	None of them are supported in Rel-15. 

	ZTE, Sanechips
	Option 2 is sufficient. The aperiodic CSI reporting can be used in some cases, e.g., when there is no appropriate CSI based on 1ms TTI available (This could be caused by dropping of CSI in case of collision of 1ms TTI and sTTI).  

	LGE
	Option 2. It seems unclear how beneficial periodic CSI reporting will provide. In our understanding, aperiodic CSI reporting seems enough for sTTI operation. 

	Qualcomm
	Option 3. In our opinion, for the reasons mentioned in our response to Question 1, at least the aperiodic CSI reporting should be supported. A periodic reporting can also be considered, while trying to reduce the overhead of the sPUCCH transmission (Please refer to our response to Question 10 regarding a flexible approach for codebook subsampling.)

	Motorola Mobility, Lenovo
	Option 2. We see benefits at least in supporting the aperiodic CSI for sTTI operation. 



Summary of the views on Question 2:
8 companies responsded to this question:
· 5 companies (Ericsson, Nokia/NSB, ZTE/Sanechips, LGE and Motorola/Lenovo) proposed to only support the aperiodic CSI reporting for the sTTI operation (Option 2.)
· 2 companies (Huawei/HiSilicon and Qualcomm) proposed to support both periodic and aperiodic CSI reporting for the sTTI operation (Option 3.)
· 1 company (Samsung) proposed not to support the fast CSI reporting mechanism in Rel-15 WI.
Based on the majority of the views, we have the following proposal:
Proposal 2: Only aperiodic CSI reporting is supported for the sTTI operation in Rel-15 WI.

Question 3: Is the CSI reference resource defined based on the sTTI or 1ms subframe?
	Company
	Views

	Huawei, HiSilicon
	We slightly prefer the CSI reference is defined based on sTTI.
Based on our simulation results shown inR1-162618,the performance gain of only reducing reporting interval is smaller than reducing both processing time and reporting interval, since the CSI corresponding to real channel can change quickly when the CSI reference resource is too far away from the reporting time. Therefore, it can be considered to further study reducing both the processing time between CSI reference resource and CSI reporting, and the reporting interval, e.g. reducing with the granularity of sTTI length instead of subframe length.

	Ericsson
	sTTI

	Nokia, NSB
	1-ms: In our view it would be sufficient to allow for reporting of A-CSI according 1-ms definition over sPUSCH

	Samsung
	If fast CSI reporting is supported, it should be based on sTTI and also we need to study the processing time for fast CSI reporting. 

	ZTE, Sanechips
	sTTI. Since we prefer aperiodic CSI reporting based on sTTI, it seems simpler to define CSI reference resource with the same length of sTTI.

	LGE
	For CSI reporting via sTTI, the CSI reference resource should be defined on sTTI basis in time domain. 

	Qualcomm
	As the processing timeline decreases, it is reasonable to define the CSI reference resource in the sTTI unit.

	Motorola Mobility, Lenovo
	Based on sTTI. Allowing the UE to assume different types of CSI resources for 1ms and sTTI based operation improves the accuracy of CSI information transmitted by the UE.






Summary of the views on Question 3:
8 companies responsded to this question:
· 7 companies (Huawei/HiSilicon, Ericsson, Samsung, ZTE/Sanechips, LGE, Qualcomm and Motorola/Lenovo) propose to define the reference resource based on the sTTI.
· 1 company (Nokia/NSB) proposes to define the reference resource based on the 1ms subframe.
Based on the majority of the views, we have the following proposal:
Proposal 3: For enabling CSI reporting for the sTTI operation, the CSI reference resource is defined based on the sTTI length.
 
Note: In the legacy LTE, in order to derive the CQI index , a UE assumes a single PDSCH TB with a combination of modulation scheme and TBS corresponding to the CQI index could be received with a transport block error probability not exceeding 0.1. The combination of transport block size and modulation scheme when applied to the reference resource results in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index.
Question 4: For the 2-symbol sTTI operation, if the CSI reference resource is defined based on sTTI, the reference CSI resource should be:
· Option 1: Only a 2-symbol sTTI
· Option 2: Only a 3-symbol sTTI
· Option 3: Could be either a 2-symbol or a 3-symbol sTTI with TBS scaling
· Option 4: None of the above (Please explain your preferred design choice.)
	Company
	Views

	Huawei, HiSilicon
	We slightly prefer option 3. Depend on the timing of  CSI reporting and CSI measurement, the CSI reference could be either 2-symbol sTTI or 3-symbol sTTI.

	Ericsson
	Option 1 for simplicity

	Samsung
	Option 1 for simplicity. 

	ZTE, Sanechips
	Option3. The reference CSI resource should be based on the reference sTTI which could be either a 2-symbol or a 3-symbol. 

	LGE
	Option 3. 

	Qualcomm
	Option 3. Under the aperiodic CSI reporting mode, the reference resource is the sTTI wherein the reporting is triggered. Under the periodic reporting mode, the reference resource will potentially be defined by a parameter  in an sTTI unit. 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. Similalry, 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.

	Motorola Mobility, Lenovo
	The reference resource is based on the sTTI in which the sCSI trigger occurs in case of aperiodic sCSI, if the sTTI is a valid DL sTTI. FFS on validity conditions.



Summary of the views on Question 4:
7 companies responsded to this question:
· 2 companies (Ericsson and Samsung) chose Option 1, i.e., only a 2-symbol sTTI can be defined as a reference resource for CSI reporting.
· 4 companies (Huawei/HiSilicon, ZTE/Sanechips, LGE and Qualcomm) chose Option 3, i.e., depending on the timing, either a 2-symbol or a 3-symbol sTTI with TBS scaling could be a reference resource.
· 1 company (Motorola/Lenovo) proposed that the sCSI reference resource is the same as the sCSI triggering sTTI.
Based on the majority of the views, we have the following proposal:
Proposal 4: 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.

Question 5: In the 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. If the CSI reference resource can be defined based on sTTI, what overhead assumptions should be considered over (a) a 2-symbol sTTI, (b) a 3-symbol sTTI, (c) slot0 of a subframe and (d) slot1 of a subframe?
	Company
	Views

	Huawei, HiSilicon
	In our understanding, the overhead assumptions could be based on the reference sTTI. However, for simplicity only based on a 2-symbol sTTI could be ok also.

	Ericsson
	For 2/3ossTTI, the CSI reference resource is a 2os sTTI and the assumptions regarding overhead should consider CRS and DMRS overhead. Note: DMRS only if the UE is configured with a DMRS based TM. No CSI-RS REs should be included in the overhead. Since the number of CRS REs per sTTI varies from sTTI to sTTI, one way could be to assume the average CRS overhead per sTTI.
For slot sTTI, the control overhead needs to be considered in addition to DMRS and CRS. For instance, 1 or 2os control overhead could be assumed.

	Samsung
	For 2/3OS sTTI, we can consider only RS overhead not control overhead.

	ZTE, Sanechips
	The overhead assumptions should be based on the reference sTTI which could be either 2/3-symbol sTTI or slot0/slot1 sTTI. It depends on the configuration of eNB.

	LGE
	Basically, the overhead assumptions should be based on the configured DL sTTI length. More specifically, in case the sTTI length combination {7,7} is configured for a serving cell, the UE shall consider 7-OS sTTI to derive overhead assumption. On the other hand, if {2,2} or {2,7} is configured for a serving cell, then the UE shall consider 2/3-OS sTTI to derive overhead assumption. 
Moreover, considering the overhead assumption for 1ms TTI on control part (i.e., The first 3 OFDM symbols are occupied by control signaling), the similar assumption can be taken into account for sTTI (e.g., REs for the configured sPDCCH RB set(s) can be assumed to be occupied by control signaling). 

	Qualcomm
	In general, the legacy LTE assumptions can be borrowed for the sTTI operation as well. One 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 congigured via RRC signaling (vary at slow rate), but CSI for sTTI is reported at a faster rate. Hence, in case (a), (b) and (d), 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. 

	Motorola Mobility, Lenovo
	In our view, for each DL sTTI length (2/3 OS or 7 OS) overhead assumptions pertaining to CSI computation can be defined. 
· For slot sTTI (both slot 0, and slot 1): considering PDCCH can take 3 symbols in slot0, DMRS-based sPDCCH takes two symbols in time, and CRS-based sPDCCH can take 1 or 2 symbols in time, we suggest assuming 2 OFDM symbols for control overhead for slot TTI. 
· For 2/3 OS sTTI: one way is to assume no control overhead, another way is to assume a scaled version of e.g., 3 OFDM symbol control overhead used in legacy. For example, we can assume ~3 OFDM symbols/6 sTTIs (~0.5 system BW in one symbol overhead). 



Summary of the views on Question 5:
7 companies responsded to this question:
· 4 companies (Huawei/HiSilicon, ZTE/Sanechips, LGE and Qualcomm) propose that the overhead assumptions should be based on the sTTI reference resource, e.g., the control overhead could be based on the configured RB sets.
· 1 company (Ericsson) propose to consider CRS (average overhead across sTTIs) and DMRS (if a UE is configured with a DMRS TM) overhead. No CSI-RS overhead is needed to be accounted. For 2/3-symbol sTTI, control overhead assumption is needed. For 1-slot sTTI, control overhead, e.g., 1 or 2 symbols of control, should be considered.
· 1 company (Samsung) propose to only consider RS overhead; no control overhead assumption is needed.
· 1 company (Motorola/Lenovo) proposed to consider a 2-symbol control assumption for a 1-slot sTTI operation. For the 2/3-symbol sTTI operation, either no control overhead assumption is needed or it can be considered that ½ of the bandwidth over a single symbol is assigned to control singnaling.
Based on the companies’s views, the following proposals, which may need more discussions, can be made:
Proposal 5: Over the reference resource, the UE shall derive the control overhead based on the configured RB sets.    
Proposal 6: The UE shall assume no CSI-RS overhead over the reference resource.
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.

Question 6: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. Should the MBSFN subframes/sTTIs in MBSFN subframes be considered as valid downlink subframes/sTTIs? Please explain the reasons. 
	Company
	Views

	Huawei, HiSilicon
	We slightly prefer to use the similar way as in LTE. That is, sTTIs in MBSFN subframe cannot be defined as a CSI reference resource.

	Ericsson
	Legacy behavior. sTTI in MBSFN subframe  cannot be used as CSI reference resource.

	Nokia, NSB
	Legacy behaviour is sufficient

	Samsung
	Same view with Huawei and Ericsson.

	ZTE, Sanechips
	sTTI in MBSFN subframe is not valid for CSI reference resource. 

	LGE
	Since a UE cannot derive channel measurement based on CRS in MBSFN subframes, the sTTIs in MBSFN subframes cannot be considered as a CSI reference resource as legacy in case a UE is configured with TM 1, 2, 3, 4, 6, or 8 for sTTI. 

	Qualcomm
	Yes. Currently, 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.

	Motorola Mobility, Lenovo
	Legacy behavior is preffered



Summary of the views on Question 6:
8 companies responsded to this question:
· 7 companies (Huawei/HiSilicon, Ericsson, Nokia/NSB, Samsung, ZTE/Sanechips, LGE and Motorola/Lenovo) propose to follow the legacy LTE behavior, i.e., MBSFN subframes/sTTIs in MBSFN subframe cannot be considered as reference resource for TM1-8.
· 1 company (Qualcomm) propose that by using the past CRSs, MBSFN subframes/sTTIs in MBSFN subframes can be considered as reference resource for TM1-8.
Based on the majority of the views, we have the following proposal:
Proposal 9: The sTTIs in MBSFN subframes are not considered as valid downlink sTTIs for TM1-8. 

Question 7: Is the CSI reporting granularity defined based on the sTTI or 1ms subframe?
	Company
	Views

	Huawei, HiSilicon
	The CSI reporting granularity should be defined based on the sTTI. Based on our s imulation results inR1-1712071, time granularity of CSI should be sTTI instead of subframe as described in our reply to Q1.

	Ericsson
	Preferably sTTI to achieve some latency benefit.

	Nokia, NSB
	The CSI measurement as such can be the same as in legacy case. The reporting delay can be 2 or 3 subframes (note that n+3 is already agreed for 1-ms TTI)

	Samsung
	If fast CSI reporting is supported, it shoud be lower than 1ms.

	ZTE, Sanechips
	The CSI reporting granularity should be defined based on the sTTI. 

	LGE
	Based on our contribution [R1-162503], reducing CQI report delay and CQI report period will offer higher UPT gain. In this sense, the CSI reporting granularity should be based on sTTI.

	Qualcomm
	It is defined based on the sTTI. To enable fast processing, it is required to have a faster reporting timeline.

	Motorola Mobility, Lenovo
	Based on sTTI



Summary of the views on Question 7:
8 companies responsded to this question:
· 7 companies (Huawei/HiSilicon, Ericsson, Samsung, ZTE/Sanechips, LGE, Qualcomm and Motorola/Lenovo) agree that the CSI reporting granularity should be defined based on the sTTI.
· 1 company (Nokia/NSB) proposes that the CSI reporting granularity should be defined based on the 1ms subframe.
Based on the majority of the views, we have that:
Proposal 10: The CSI reporting granularity for the sTTI operation is defined in the units of sTTI length.  

Question 8: Should the CSI for the sTTI operation be reported via the 1ms UL channels or the sTTI UL channels? Please provide the reasons.
	Company
	Views

	Huawei, HiSilicon
	The CSI for sTTI should be reported via sTTI UL channel in order to provide fast feedback.

	Ericsson
	sTTI CSI on sPUSCH only

	Samsung
	If fast CSI reporting is supported, it shoud be on the sTTI UL channels.

	ZTE, Sanechips
	Based on sPUSCH only. 

	LGE
	As per the reponse to Q7, it would be beneficial to report CSI via sTTI UL channel.

	Qualcomm
	The CSI should be sent via the sTTI UL channels in order to reduce the latency.

	Motorola Mobility, Lenovo
	On sPUSCH only



Summary of the views on Question 8:
7 companies responsded to this question:
· All companies agree that the CSI for the sTTI operation should be reported via an sTTI UL channel.
Considering Proposal 2, we have the following:
Proposal 11: The CSI for the sTTI operation is reported via sPUSCH. 

Question 9: If the sTTI based CSI reporting is supported, is the sTTI and 1ms TTI CSI process capabilities defined separately or jointly? Please explain.
	Company
	Views

	Huawei, HiSilicon
	Separate definition is better. Firstly, the timing for 1ms TTI and sTTI is different, it may have impact on the CSI process capabilities. Secondly, separate definition could provide more flexibility. 

	Ericsson
	Assuming the reporting delay for sTTI is shorter than for 1ms TTI, we are fine with separate CSI process capabilities for 1ms TTI and sTTI allowing for early implementation that is less capable on sTTI.

	Samsung
	Separate capabilities can be used.

	ZTE, Sanechips
	[bookmark: OLE_LINK2]Separately defined, but once a UE has a capability of supporting sTTI operation it should have a capability of sTTI CSI processing.

	LGE
	Considering different timing from CSI measurement and the corresponding CSI reporting between 1ms TTI and sTTI, separate capabilities on CSI processes between 1ms TTI and sTTI is preferred.

	Qualcomm
	Defining separate processing capabilities is preferred since the two CSI reporting operations follow different timelines.



Summary of the views on Question 9:
6 companies responsded to this question:
· All companies agree that the CSI process capabilities should be separately defined for the sTTI and 1ms TTI operations.
Hence, we have:
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.

Periodic CSI Reporting:
If your reposnse to Question 2 is either Option 1 or 3, please respond to Questions 10-14.

Based on Proposal 2, the periodic CSI reporting is not supported in Rel-15 WI.

Question 10: Whichperiodic reportingmodes are supported?
	Company
	Views

	Huawei, HiSilicon
	Periodic reporting Mode 1-0,Mode 1-1, Mode 2-0 and Mode 2-1 should be supported. Besides, as the legacy, actual periodic reporting modes of UE could depend on the transmission mode.

	Qualcomm
	All the supported legacy modes for each TM can be supported (i.e., 1-0, 1-1, 2-0 and 2-1.)  However, the UE’s computational complexities should be reduced. 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.
· In case PMI should be reported, 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. 
· For TM 9 and 10, the codebook subsampling is supported in legacy LTE in order to reduce the payload size over the PUCCH resource. A more flexible version of the legacy approach can be introduced in order to not only reduce the payload size over the sPUCCH, but also to reduce the UE’s computational complexity. This can be done by following the same solution as discussed above for enabling a flexible codebook restriction.

	
	



Question 11: Please provide a list of reporting periodicities that should be supported?
	Company
	Views

	Huawei, HiSilicon
	Some periodicities in the granuarlity of sTTI length should be introduced, e.g. 1sTTI, 2sTTI, 3sTTI.

	Qualcomm
	The periodicities should be defined in terms of the sTTI length.

	
	




Question 12: What is the value of  parameter for determining the CSI reference resource? 
	Company
	Views

	Huawei, HiSilicon
	The value of  depend on the timing for sTTI. For example, for n+4 timing, could be the smallest value greater than or equal to 4.

	Qualcomm
	The value for this parameter can be defined based on the processing timing configured for a UE.

	
	

	
	



Question 13: Which subband and bandwidth part sizes should be supported?
· Option 1: The same sizes as those of the legacy LTE
· Option 2: The sizes should be scaled up by a factor of X.
· If your choice is Option 2, please provide the value of X.
	Company
	Views

	Huawei, HiSilicon
	Option 2. The subbandsize could be aligned with scheduling granularity of sTTI, for example, RBG or PRG. Hence, the value of X could be defined acoording to the new RBG or PRG size per system bandwidth.

	Qualcomm
	Since the sPDSCH allocation granularity will be increased as compared to that of the legacy LTE, it makes sense to increase the subband sizes as well. One possibility is to increase the subband sizes by the same factor used to increase the sPDSCH allocation granularity.

	
	



Question 14: In case the periodic CSI for the 1ms TTI and sTTI operations collide in a given subframe, how should the collision be handled?
	Company
	Views

	Huawei, HiSilicon
	 CSI for sTTIshould have higher priority, since thesTTI operations may be used for more critical traffic. Considering the capacity of sPUCCH, 1ms CSI would be dropped at least when 1ms CSI is carried on PUCCH.

	Qualcomm
	In such a scenario, the CSI for a low priority traffic, i.e., the 1ms TTI, should be dropped.

	
	




Aperiodic CSI Reporting:
If your reposnse to Question 3 is either Option 2 or 3, please respond to Questions 15-19.

Question 15: How should the aperiodic CSI reporting be triggered?
· Option 1: A DCI triggers a CSI reporting for 1ms TTI and a sDCI/sPDCCH triggers a CSI reporting for sTTI
· Option 2: A DCI triggers a CSI reporting for 1ms TTI andsTTI and a sDCI/sPDCCH triggers a CSI reporting for sTTI
· Option3: None of the above (Please explain your preferred design choice.)
	Company
	Views

	Huawei, HiSilicon
	Option 1. It is the straightforward way to trigger A-CSI and has no additional specification impactonsDCI or DCI.

	Ericsson
	Option 1

	Nokia, NSB
	Option 3: both DCI and sDCI trigger CSI reporting for 1-ms TTI

	ZTE, Sanechips
	Option 1.

	LGE
	Option 1. 

	Qualcomm
	Option 2. 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. The 1ms TTI CSI reporting should only be triggered via the legacy DCI.

	Motorola Mobility, Lenovo
	Option 2: Similar to the existing functionality for triggering CSI reports for different csi-processes, serving cells, etc, it can be beneficial to enable PDCCH to trigger reports for both sTTI and 1ms-TTI simultaneously. The sCSI report can be sent in an sTTI in UL, while the CSI report can be sent later in a 1-ms subframe in UL .



Summary of the views on Question 15:
7 companies responsded to this question:
· 4 companies (Huawei/HiSilicon, Ericsson, ZTE/Sanechips and LGE) chose Option 1.
· 1 company (Nokia/NSB) chose Option 3.
· 2 companies (Qualcomm and Motorola/Lenovo) chose Option 2.
Based on the majority of the views, we have the following proposal:
Proposal 16: A DCI only triggers a CSI reporting for the 1ms TTI operation and sDCI/sPDCCH only triggers a CSI reporting for the sTTI operation.



Question 16: If aperiodic CSI reporting can be triggered by sDCI/sPDCCH, the reporting timeline is:
· Option 1: The same as the UL scheduling timeline.
· Option 2: Different from the UL scheduling timeline.
· If your choice is Option 2, please provide more details.
	Company
	Views

	Huawei, HiSilicon
	Option 1. As the legacy and n+3 1ms TTI operation, the A-CSI trigger timeline is the same as the UL scheduling timelie. It can avoid the different timeline collision issue.

	Ericsson
	Option 1

	Nokia, NSB
	Option 1 is preferred, although this may not always be feasible. 

	ZTE, Sanechips
	Option 1. The same as the UL scheduling timeline for sTTI. 

	LGE
	Option 1.

	Qualcomm
	Either Option 1 or 2 can be selected based on the reporting mode. In particular, a more relaxed timeline can be selected for more extensive CSI reporting modes.

	Motorola Mobility, Lenovo
	Option 1



Summary of the views on Question 16:
7 companies responsded to this question:
· 6 companies (Huawei/HiSilicon, Ericsson, Nokia/NSB, ZTE/Sanechips, LGE and Motorola/Lenovo) propose that the sTTI CSI reporting timeline should be the same as the UL scheduling timeline.
· 1 company (Qualcomm) chose Option 2, i.e., based on the complexity of the CSI reporting mode, the reporting timeline could be either the same as the UL scheduling timeline or could be relaxed.  
Based on the majority of the views, we have that:
Proposal 17: For aperiodic CSI reporting triggered by sDCI/sPDCCH, the reporting timeline is the same as the UL scheduling timeline.

Question 17: How should the CSI reference resource be defined?
· Option 1: The same sTTI where the reporting is triggered.
· Option 2: A different sTTI from the one where the CSI reporting is triggered. 
· Option 3: None of the above (Please explain your preferred design choice.)
	Company
	Views

	Huawei, HiSilicon
	Option 3. Similar as legacy, the CSI reference resource could be the same sTTI where the reporting is trigged when TM1~9 and single CSI process is configured and could be at least former one sTTI than that where the reporting is trigged when multiple CSI process is configured.

	Ericsson
	For 2os TTI,  if one goes with legacy behavior (similar to option1 or the proposed option 3 by Huawei), how do we define the CSI reference resource if the sTTI triggering the reporting is sTTI0 fully occupied by PDCCH? Unclear to me how this would work.
It seems preferable to use option 2 and define in the specification the assumptions to be made regarding the CSI reference resource.

	Nokia, NSB
	Preferably the same _TTI_ as when the trigger is received. In some cases (e.g. with 2 OS) this may not be feasible, and the previous TTI can be taken as the reference resource.

	ZTE, Sanechips
	Option 3. Agree with Huawei that it depends on different feedback modes. 

	LGE
	Option 3. There is no need to change the principle of legacy, but some modification seems necessary for exceptional cases.  
For a UE configured with TM1-9 or TM10 with a single configured CSI process for the serving cell, the CSI reference resource can be defined as the same sTTI where the CSI reporting is triggered. If CFI=2 or 3 and if the sTTI triggering the CSI reporting is sTTI#0, there will be no room for sPDSCH and then it would be desirable to choose the former valid sTTI as a CSI reference resource. 
On the other hand, for a UE configured with TM10 with multiple configured CSI processes for the serving cell, more processing time might be necessary and thus the former sTTI from the one where the CSI reporting is triggered can be a CSI reference resource. 
Hence, in both cases, a different sTTI from the one triggering CSI reporting can be the CSI reference resource. 

	Qualcomm
	Option 1 for both CRS-based and CSI-RS/IMR based CSI reporting modes. If the reference resource (the triggering sTTI) does not contain CRS or CSI-RS/IMR, the RSs sent earlier should be used. For TM10 with multiple CSI processes or in cases where CSI is triggered via sTTI0 when CFI=2 or 3, some relaxations as proposed by Huawei and LGE can be considered. 

	Motorola Mobility, Lenovo
	The reference resource is based on the sTTI in which the sCSI trigger occurs in case of aperiodic sCSI, if the sTTI is a valid DL sTTI. FFS on validity conditions.



Summary of the views on Question 17:
7 companies responsded to this question:
· 6 companies (Huawei/HiSilicon, Ericsson, Nokia/NSB, ZTE/Sanechips, LGE and Qualcomm) agree that in general the sTTI triggering the report can be considered as the reference resource; However, in some cases, e.g., TM10 with multiple CSI processes, or when the trigger received in sTTI#0 and CFI = 2 or 3, some additional rules should be defined.
· 1 company (Motorola/Lenovo) proposes that if the sTTI triggering the report is a valid DL sTTI, then it is considered as a reference resource. 
Based on the comments from the companies, the following proposals can be discussed further:
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.

Question18: Which aperiodic CSI reporting modes are supported?
	Company
	Views

	Huawei, HiSilicon
	All legacy mode should be supported such as Mode 1-0,Mode 1-1, Mode 1-2, Mode 2-0, Mode 2-2, Mode 3-0,Mode 3-1 and Mode 3-2 should be supported. Besides, as the legacy, actual A-CSI reporting modes of UE could depend on the transmission mode.

	Ericsson
	To simplifythe CSI reporting on sTTI and minimize the corresponding overhead, only few selected modes should be supported. We would be fine to support mode 1-0, mode 3-0, mode 1-1, mode 3-1.
We believe subband PMI reporting is not necessary and increases CSI reporting size. Wideband PMI reporting is sufficient. Subband CQI reporting is useful so as to allow frequency selective scheduling. 
UE selected subbands CSI reporting (mode 2-0, 2-1, 2-2) is not very useful to the scheduler that has to deal with other constraints on a system level and cannot always allocate the best subband selected by the UE. It is more useful to get a CQI estimate for all subbands of the system BW as in the configured CQI reporting modes.

	Nokia, NSB
	Assuming the A-CSI if for 1-ms TTI, all legacy modes can be supported

	ZTE, Sanechips
	All legacy modes can be supported. 

	LGE
	To avoid excessive feedback load, our preference is to support mode 1-0, 1-1, 3-0, and 3-1.

	Qualcomm
	All the currently defined modes can be supported assuming that their associated computational complexities can be reduced.
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.

	Motorola Mobility, Lenovo
	At least Modes1-0, 1-1, 2-0, 2-1, 3-0, 3-1 for the applicable and supported transmission modes 



Summary of the views on Question 18:
7 companies responsded to this question:
· 3 companies (Huawei/HiSilicon, Nokia/NSB, ZTE/Sanechips) propose to support all the defined legacy modes.
· 2 companies (Ericsson and LGE) propose to only support the aperiodic reporting modes of 1-0, 3-0, 1-1 and 3-1.
· 1 company (Qualcomm) proposes to support all the legacy aperiodic reporting modes if some limitations, e.g., a larger sub-band sizes or flexible codebook restrictions, are introduced. 
· 1 company (Motorola/Lenovo) proposes to only support the aperiodic reporting modes of 1-0, 2-0, 2-1, 3-0, 3-1.
Based on the companies’ views, we have that:
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.

Question 19: Which subband sizes for aperiodic CSI reporting should be supported?
· Option 1: The same sizes as those of the legacy LTE
· Option 2: The sizes should be scaled up by a factor of X.
· If your choice is Option 2, please provide the value of X.
	Company
	Views

	Huawei, HiSilicon
	Option 2. The subbandsize could be aligned with scheduling granularity of sTTI, for example, RBG or PRG. Hence, the value of X could be defined acoording to the new RBG or PRG size per system bandwidth.

	Ericsson
	Option 2 with X defined according to the decision onsRBG size.

	Nokia, NSB
	Legacy subband sizes can be supported

	ZTE, Sanechips
	Option 2. In legacy LTE, the subband sizes are defined with respect to RBG or PRG. So, the value of X could be made after specifying new RBG or PRG size.

	LGE
	Option 2. This subband size would be dependent on sRBG size newly defined for sPDSCH. Similar to legacy, the subband size would be multiples of sRBG size. 

	Qualcomm
	Since the sPDSCH allocation granularity will be increased as compared to that of the legacy LTE, it makes sense to increase the subband sizes as well. One possibility is to increase the subband sizes by the same factor used to increase the sPDSCH allocation granularity.

	Motorola Mobility, Lenovo
	The subband size can be defined for each sTTI length and for a total DL system on a granularity of sRBG



Summary of the views on Question 19:
7 companies responsded to this question:
· 6 companies (Huawei/HiSilicon, Ericsson, ZTE/Sanechips/LGE, Qualcomm and Motorola/Lenovo) propose to increase the subband sizes by a factor of X. The value of X is FFS.
· 1 company (Nokia/NSB) proposes to reuse the legacy subband sizes.
Based on the majority of the views, we have the following proposal:
Proposal 23: For the sTTI based aperiodic CSI reporting, the subband sizes are increased by a factor of X as compared to those of the legacy LTE.
· The value of X is FFS.

CSI Reporting for DMRS-Based TMs:

Question 20: Is CSI-RS configuration with an increased periodicity as compared to the legacy LTE supported? If Yes, please provide the possible periodicities. If No, please provide the reasons for your choice.
	Company
	Views

	Huawei, HiSilicon
	No. Based on the TR, the control overhead is one key performanceindication.The CSI-RS brings large RS overhead, so it will decrease the system performance. We need to consider the balance between RS overhead and performance. Hence, it should not increase the CSI-RS periodicity unless it provides enough performance gain considering high RS overhead.

	Ericsson
	We do not see the motivation for changing the periodicity of CSI-RS configuration. Keep the same as today.

	Nokia, NSB
	No changes to legacy operation are needed 

	ZTE, Sanechips
	No. The increased periodicity of CSI-RS brings too large overhead. 

	LGE
	No. Basically, all the designs for sTTI operation already agreed or discussed currently  are based on the assumption there is no increase of CSI-RS configuration density and/or periodicity. In this sense, it would be undesirable to increase periodicity of CSI-RS. 

	Qualcomm
	Yes, however, the RS pattern can be revised by decimating in time and frequency in order to reduce the overhead.

	Motorola Mobility, Lenovo
	No.



Summary of the views on Question 20:
7 companies responsded to this question:
· 6 companies (Huawei/HiSilicon, Ericsson, Nokia/NSB, ZTE/Sanechips, LGE and Motorola/Lenovo) propose to only considered the legacy CSI-RS periodicity values for the sTTI operation.
· 1 company (Qualcomm) proposes to increase the CSI-RS periodicity.
Based on the majority of the views, we have that:
Proposal 24: For the sTTI CSI reporting, the CSI-RS configuration with an increased periodicity as compared to the legacy LTE is not supported.  

Question 21: Is the ratio of the PDSCH EPRE to CSI-RS EPRE for 1ms TTI and sTTI the same or set independently? 
	Company
	Views

	Huawei, HiSilicon
	Set independently. It could keep forward compatibility for URLLC. In URLLC, the sPDSCH would be different performance requirement from PDSCH, so the ratio of the PDSCH EPRE to CSI-RS EPRE should be set independently for 1ms TTI and sTTI.

	Ericsson
	Same setting. We don’t see strong motivation to support different values for sTTI and 1ms TTI here.

	Nokia, NSB
	No changes to legacy operation are needed 

	ZTE, Sanechips
	Yes. Once a UE has a capability of sTTI CSI processing, the ration of the sPDSCH EPRE to CSI-RS EPRE should be set independently of that of the legacy LTE. 

	LGE
	We do not see a motivation to set the ratio of the PDSCH EPRE to CSI-RS EPRE independently for 1ms TTI and sTTI since there is no additional CSI-RS only for sTTI.

	Qualcomm
	This ratio could be set differently for these two different operations.

	Motorola Mobility, Lenovo
	Same as 1ms.



Summary of the views on Question 21:
7 companies responsded to this question:
· 3 companies (Huawei/HiSilicon, ZTE/Sanechips and Qualcomm) propose to set the two ratios independently.
· 4 companies (Ericsson, Nokia/NSB, LGE and Motorola/Lenovo) propose to adopt the same setting for both the ratios.
Based on the companies’s comments, more discussion is required.
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.

Question 22: Is IMR configuration with an increased periodicity as compared to the legacy LTE supported? If Yes, please provide the possible periodicities. If No, please provide the reasons for your choice.
	Company
	Views

	Huawei, HiSilicon
	No. the same reasons with Q19.

	Ericsson
	We do not see the motivation for changing the periodicity of CSI-RS configuration. Keep the same as today.

	Nokia, NSB
	No changes to legacy operation are needed 

	ZTE, Sanechips
	No. It leads to low resource efficiency and low system capacity.

	LGE
	No. Same as reponse to Q20.

	Qualcomm
	Yes, otherwise interference cannot be accurately estimated. If supported, the RS overhead can be reduced.

	Motorola Mobility, Lenovo
	No, same as our response to Q20.



Summary of the views on Question 22:
7 companies responsded to this question:
· 6 companies (Huawei/HiSilicon, Ericsson, Nokia/NSB, ZTE/Sanechips, LGE and Motorola/Lenovo) propose to not support an IMR configuration with an increased periodicity as compared to the legacy LTE.
· 1 company (Qualcomm) proposes to allow for supporting smaller periodicities for IMR configuration.
Based on the majority of the views, we have the following proposal:
Proposal 26: An IMR configuration with an increased periodicity as compared to the legacy LTE is not supported.

Additional Issues:

Question 23:Should the restriction on the number of back-to-back triggers be supported to enable CSI feedback processing relaxation? Please provide the reason for your response.
	Company
	Views

	Ericsson
	Not sure I fully understand the question. Is the idea to prevent CSI triggering until the already requested CSI report is sent? 
In general, we would be open to some restriction. We think that too frequent CSI report on sTTI scale do not make sense due to the UL overhead associated with it. The most important component to benefit from fast CSI on sTTI level is to support a short CSI reporting delay.

	Qualcomm
	Yes, in order to reduce the UE’s complexity, this is essential. In fact, a similar feature is already supported for a UE configured with multiple CSI processes; the triggering budget is a UE capability.
For sTTI, in our opinion, such a restriction should be adopted for all cases (one CSI process or more) to relax the CSI computational complexity at the UE. A UE capability for the reporting budget can be defined (the same as the legacy LTE); the UE is not required to provide updated CSI for the additional requests if the number of pending requests is beyond its capability.

	Motorola Mobility, Lenovo
	Not sure if it is needed; similar behavior as of 1ms can be applied. If processing budget needed, eNB implementation may be able to take care of it by not triggering frequent sCSI reports and/or by configuring a less intensive CSI report.


Summary of the views on Question 23:
3 companies responsded to this question:
· 1 company (Ericsson) is fine to introduce some restrictions in order to prevent back-to-back CSI triggering.
· 1 company (Qualcomm) states that introducing some restrictions on the number of back-to-back triggers is essential.
· 1 company (Motorola/Lenovo) is not sure if such restrictions are needed. They proposed that the issue of back-to-back triggering should be handled by the eNB scheduler.
Based on the companies’s views, the following proposal can be discussed further:
Proposal 27: Whether some restrictions on the number of back-to-back CSI reporting triggers should be introduced or not is FFS. 

Conclusions
Based on the companies’ inputs, the following proposals on the support for fast CSI reporting for the sTTI operation in Rel-15 WI can be made:
Proposal 1: CSI reporting for the sTTI operation is supported in Rel-15 WI.

Proposal 2: Only aperiodic CSI reporting is supported for the sTTI operation in Rel-15 WI.

Proposal 3: For enabling fast CSI reporting, the CSI reference resource is defined based on the sTTI length.

Proposal 4: 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.

Proposal 5: Over the reference resource, the UE shall derive the control overhead based on the configured RB sets.    

Proposal 6: The UE shall assume no CSI-RS overhead over the reference resource.

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 9: The sTTIs in MBSFN subframes are not considered as valid downlink sTTIs for TM1-8. 

Proposal 10: The CSI reporting granularity for the sTTI operation is defined in the units of sTTI length.  

Proposal 11: The CSI for the sTTI operation is reported via sPUSCH. 

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: A DCI only triggers a CSI reporting for the 1ms TTI operation and sDCI/sPDCCH only triggers a CSI reporting for the sTTI operation.

Proposal 17: For aperiodic CSI reporting triggered by sDCI/sPDCCH, the reporting timeline is the same as the UL scheduling timeline.

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 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 23: For the sTTI based aperiodic CSI reporting, the subband sizes are increased by a factor of X as compared to those of the legacy LTE.
· The value of X is FFS.

Proposal 24: For the sTTI CSI reporting, the CSI-RS configuration with an increased periodicity as compared to the legacy LTE is not supported.  

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 26: An IMR configuration with an increased periodicity as compared to the legacy LTE is not supported.

Proposal 27: Whether some restrictions on the number of back-to-back CSI reporting triggers should be introduced or not is FFS. 

