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Introduction

In RAN1#90bis, offline consensus on the following issues have been reached:
[bookmark: _Hlk496202333](1) 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

[bookmark: _Hlk496202353](2) Offline consensns: 
The A-CSI triggered by sDCI is reported via sPUSCH. 

(3) Offline consensus: 
For A-CSI triggered by sDCI, the reporting timeline is the same as the sPUSCH scheduling timeline.

[bookmark: _Hlk496202375](4) Offline consensus: 
A zero power/non-zero power CSI-RS configuration with an increased periodicity as compared to the legacy LTE is not supported/introduced.

(5) Offline consensus: 
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.

Assuming the above mentioned offline consensuses are approved, this email discussion presents a set of questions to cover the remaining issues related to CSI reporting for sTTI operation. Baseed on the inputs from different companies, some proposals are presented for further discussion during the 3GPP RAN1 #91.
List of Questions
Reference Resource

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

	Ericsson
	sTTI 

	Nokia, NSB
	TTI

	Samsung
	sTTI

	Huawei, HiSilicon
	We slightly prefer the CSI reference is defined based on sTTI.
Based on our simulation results shown in R1-162618, 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.

	ZTE, Sanechips
	sTTI

	LGE
	sTTI

	Qualcomm
	sTTI

	Motorola Mobility, Lenovo
	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.

	KT
	sTTI



Summary of the views on Question 1:
9 companies responsded to this question:
· 8 companies (Ericsson, Samsung, Huawei/HiSilicon, ZTE/Sanechips, LGE, Qualcomm, Motorola/Lenovo and KT) proposed that the reference resource should be defined based on the sTTI.
· 1 company (Nokia/NSB) proposes to define the reference resource based on the 1ms TTI.
Based on the majority of the views, we have the following proposal:
Proposal 1: For sTTI CSI reporting, the reference resource is defined based on the sTTI.

Question 2: 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: Any other approach.
	Company
	Views

	Ericsson
	Option 1 for simplicity  

	Samsung
	Option 1

	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.

	ZTE, Sanechips
	Option 3. 

	LGE
	Option 3.

	Qualcomm
	Option 3. As agreed, both the 2-symbol and 3-symbol sTTIs have the same TBS.

	Motorola Mobility, Lenovo
	Option 3

	KT
	Option 3



Summary of the views on Question 2:
8 companies responsded to this question:
· 6 companies (Huawei/HiSilicon, ZTE/Sanechips, LGE, Qualcomm, Motorola/Lenovo and KT) chose Option 3.
· 2 companies (Ericsson, Samsung) chose Option 1.
Based on the majority of the views, we have the following proposal:
Proposal 2: For the 2-symbol sTTI operation, the reference CSI resource could be either a 2-symbol or a 3-symbol sTTI with TBS scaling.

Question 3: For aperiodic CSI reporting, how should the parameter be defined?
· Option 1: with subframe granularity
· Option 2: with sTTI granularity.
	Company
	Views

	Ericsson
	Option 2  
how is that different from question 1?. 

	Nokia, NSB
	The TTI used as the reference resource can be determined based on the index of the sTTI in which the trigger is received

	Samsung
	Option 2

	Huawei, HiSilicon
	Option 2. As described in Q1, 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 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.

	ZTE, Sanechips
	Option 2. 

	LGE
	Option 2. Even though the CSI reference resource is defined based on 1ms subframe, how to determine the actual CSI reference resource should be clarified if option 2 is supported. For example, if the UE reports CSI in UL sTTI#n, the CSI reference resource will be a valid downlink subframe #k, which corresponds to the valid DL subframe prior to DL subframe containing sTTI#n-.

	Qualcomm
	Option 2.

	Motorola Mobility, Lenovo
	If the sCSI is triggered by DCI, then option 1, if sCSI is triggered by sDCI, then option 2.

	KT
	Option 2



Summary of the views on Question 3:
9 companies responsded to this question:
· 7 companies (Ericsson, Samsung, Huawei/HiSilicon, ZTE/Sanechips, LGE, Qualcomm and KT) chose Option 2.
· 1 company (Nokia) chose Option 1.
· 1 company (Motorola/Lenovo) chose Option 1 in case sCSI is triggered by DCI, and Option 2 if sCSI is triggered by sDCI.
Based on the majority of the views, we have the following proposal:
Proposal 3: For aperiodic CSI reporting under the sTTI operation,  is defined with the sTTI granularity.


Question 4: If your response to Question 1 is 1ms TTI, what control overhead assumptions should be assumed over the reference resource to derive the CQI index?
	Company
	Views

	Ericsson 
	Not applicable (answer was sTTI)

	Nokia, NSB
	Same assumptions as in the legacy cases

	
	

	
	


Summary of the views on Question 4:
Based on the majority of the views on Question 1, the reference resource is not defined based on the 1ms TTI.

[bookmark: _Hlk496786421]Question 5: If your response to Question 1 is sTTI, what control overhead assumptions should be assumed over the reference resource to derive the CQI index? Please state your response for the 2/3-symbol sTTI, 1-slot sTTI over slot0 of a subframe, and 1-slot sTTI over slot1 of a subframe separately.
	Company
	Views

	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. 
For slot sTTI, the control overhead needs to be considered in addition to DMRS and CRS. Different overheads are possible in slot0 and slot 1 for 7os sTTI, The overhead can be accounted using an average for slot0 and slot1, or separately. 
CRS 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.
CSI-RS overhead No CSI-RS REs should be included in the overhead.

	Samsung
	CRS and DMRS overhead should be considered.

	Huawei, HiSilicon
	In our understanding, the overhead assumptions could be based on the reference sTTI. CRS and/or DMRS overhead should be considered.
As to control overhead, the configured sPDCCH RB set(s) could be considered for 2/3-symbol sTTI. For 1-slot sTTI different control overhead could be considered for first sTTI and second sTTI. 

	ZTE, Sanechips
	CRS/DMRS overhead and control overhead assuming as the configured sPDCCH RB set(s) should be considered. 

	LGE
	Basically the overhead assumption should be based on the configured DL sTTI length. More specifically, in case the sTTI length combination {7,7} is configurd 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. 
In legacy, the overhead assumption for control part is the first 3 OFDM symbol, which seems the worst case, and thus the similar assumption can be taken into account for sTTI. For example, for 2/3-sTTI or 1-slot sTTI over slot 1, REs for the configured sPDCCH RB set(s) can be regarded as control overhead. For 1-slot sTTI over slot 0, considering sDCI is carried by legacy PDCCH, the first 2 OFDM symbol can be assumed as control overhead. 

	Qualcomm
	For slot0, the same assumption as in legacy LTE can be considered. For all other cases, the control overhead assumption is based on the configured RB set. In order to not select the worst-case overhead all the time, it can be assumed that the UE should rate-match around the sDCI scheduling the sPDSCH. 

	Motorola Mobility, Lenovo
	In our view, 
· 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).

We are in favor of fixed control overhead assumption, but we would like to share our view on control overhead assumption based on sPDCCH-RB set: For 2/3-OS, control overhead consideration based on sPDCCH-RB set size may need some scaling/modification since the RB-set(s) can be quite large, e.g., given the limitation of 16 sCCEs on search space size, control overhead assumption can be at most 16 sCCEs in an sTTI.    

	KT
	Same view with Qualcomm.



Summary of the views on Question 5:
8 companies responsded to this question:
· Ericsson: for slot 0 and 1, the control overhead could be an average control overhead over slot 0 and 1.
· Samsung: Did not discuss the control overhead assumption.
· Huawei/HiSilicon: Different overhead for slot 0 and slot 1. For 2/3-symbol sTTI, the configured sPDCCH RB sets can be used.
· ZTE/Sanechips: Overhead assuming the configured sPDCCH RB sets.
· LGE: The configured RB sets for slot1 and 2/3-symbol sTTIs. For slot0, a fixed 2-symbol PDCCH overhead assumption.
· Qualcomm and KT: For slot0, the legacy assumption. For slot1 and 2/3-symbol sTTI, the configured RB sets should be assumed. Further, it can be assumed that the UE should rate-match around the sPDCCH scheduling the sPDSCH.
· Motorola/Lenovo: For Slot0 and 1, 2 symbols should be considered as control overhead. For 2/3-symbol sTTI, either no control overhead is assumed or 0.5 system bandwidth in one symbol is assumed to be occupied by control.
· Based on the views of the companies, we have the following proposal for further disussions:
Proposal 4: For slot0, X symbols are assumed to be occupied by PDCCH. The value of X will be dowselected from [2,3].
Proposal 5: For slot1 and 2/3-symbol sTTIs, the control overhead assumption is based on the control RB set(s) configured for a UE for monitoring.
· FFS whether the UE should rate-match around the sPDCCH scheduling sPDSCH.

Question 6: If your response to Question 1 is sTTI, under the 2-symbol sTTI operation, if CFI = 2 or 3, is sTTI#0 a valid DL sTTI?
· Option 1: Yes.
· Option 2: No.

	Company
	Views

	Ericsson
	No. 

	Samsung
	No.

	Huawei, HiSilicon
	We slightly prefer option 1. Even this sTTI only used for legacy PDCCH transmission,  it could also reflect the channel condition. 

	ZTE, Sanechips
	No

	LGE
	No

	Qualcomm
	Option 1.  

	Motorola Mobility, Lenovo
	No

	KT
	No



Summary of the views on Question 6:
8 companies responsded to this question:
· 6 companies (Ericsson, Samsung, ZTE/Sanechips, LGE, Motorola/Lenovo and KT) chose Option 2.
· 2 companies (Huawei/HiSilicon and Qualcomm) chose Option 1.
Based on the majority of the views, we have the following proposal:
Proposal 6: Under the 2-symbol sTTI operation, if CFI = 2 or 3, sTTI#0 is not a valid DL sTTI.

[bookmark: _Hlk496786609]Question 7: If your response to Question 6 is No, how should the reference resource be modified in case sTTI#0 is selected by following the legacy LTE procedures?
	Company
	Views

	[bookmark: _Hlk496786620]Ericsson
	Define in the specification the assumptions to be made regarding the CSI reference resource. 
Option 1: Specify the nearest valid stti CSI reference resource as the reference resource when the legacy definition of CSI reference resource chooses a sTTI0 with CFI=2,3. 
Option 2: drop CSI report. 
if the report feels really important, and latency needs to be preserved, option 1 is good. However, we have said multiple times that CSI reporting for sTTI is only an added value (which is why we focus on aperiodic reports), so dropping the reports when the CSI ref resource is a a full PDCCH stti should not create a major issue. 

	Samsung
	A UE can ignore the measurement result from sTTI#0. Then, the UE will report the same as previous one.

	ZTE, Sanechips
	Share with Samsung. 

	LGE
	In this case, the reference resource would be the nearest previous valid sTTI from the sTTI#0 chosen as CSI reference resource by following the legacy LTE procedure. 

	Motorola Mobility, Lenovo
	similar view as LGE

	KT
	Sharing view with LGE



Summary of the views on Question 7:
6 companies responsded to this question:
· 5 companies (Samsung, ZTE/Sanechips, LGE, Motorola/Lenovo and KT) stated that the previous, nearest valid sTTI, can be chosen as CSI reference resource.
· 1 companies (Ericsson) stated that either the previous nearest valid DL sTTI can be used or the CSI reporting can be dropped.
Based on the majority of the views, we have the following proposal:
Proposal 7: Under the 2-symbol sTTI operation, if CFI = 2 or 3, if sTTI#0 is chosen as a reference resource by following the legacy procedure, the previous nearest reference resource should be used.

Question 8: Should the CSI-RS overhead be assumed over the reference resource?
	Company
	Views

	Ericsson
	No.    

	Nokia, NSB
	No

	Samsung
	No

	Huawei, HiSilicon
	If CSI-RS is used for CSI measurement then yes, otherwise no.

	ZTE, Sanechips
	No. 

	LGE
	No. Same as legacy.

	Qualcomm
	No.

	Motorola Mobility, Lenovo
	No

	KT
	No



Summary of the views on Question 8:
9 companies responsded to this question:
· 8 companies (Ericsson, Nokia/NSB, Samsung, ZTE/Sanechips, LGE, Qualcomm, Motorola/Lenovo and KT) stated that the CSI-RS overhead should not be assumed over the reference resource.
· 1 company (Huawei/HiSilicon) stated that if CSI-RS is used for CSI measurement, then CSI-RS overhead should be assumed over the reference resource.
Based on the majority of the views, we have the following proposal:
Proposal 8: The CSI-RS overhead should not be considered over reference resource.

Question 9: If a UE is configured with one of the DMRS-based TM modes, should the DMRS overhead be assumed over the reference resource? If yes, how many DMRS ports should be considered?
	Company
	Views

	Ericsson
	Yes .  Number of ports based on TM and number of configured layers. 
DMRS is present both in the CSI reference resource as well as the future scheduled transmission over which the CSI will be used. The number of ports is TM dependent, and should be consistent with the TM.  

	Nokia, NSB
	Yes, assuming the legacy behaviour

	Samsung
	Yes

	Huawei, HiSilicon
	Yes if DMRS based TM is configured. 

	ZTE, Sanechips
	Yes. 

	LGE
	Yes. In fact, depending on the granularity of CSI reference resource (e.g., sTTI or subframe), how to assume DMRS overhead might be different. If the granularity of CSI reference resource is a sTTI, then the DMRS overhead also will be determined by following the legacy rule. 
On the other hand, if the granularity of CSI reference resource is a subframe, whether DMRS overhead for all sTTIs within a subframe should be taken into account needs further discussion. 

	Qualcomm
	Yes, for TM9 and TM10, the legacy procedure can be followed.

	Motorola Mobility, Lenovo
	Yes

	KT
	Yes






Summary of the views on Question 9:
9 companies responsded to this question:
· All companies stated that the DMRS overhead should be considered over the reference resource if the UE is configured with one of the DMRS-based TMs.
Based on the majority of the views, we have the following proposal:
Proposal 9: If the UE is configured with one of the DMRS-based TMs, the DMRS overhead should be considered over the reference resource.

Question 10: How should the CRS overhead be accounted for over the reference resource?
· Option 1: The CRS overhead is dependent on the presence of the CRS in the reference resource.
· Option 2: A fixed CRS overhead shall be assumed over all reference resources.
	Company
	Views

	Ericsson
	Option 2, using the average CRS overhead.

	Nokia, NSB
	Option 2, following the legacy behaviour 

	Samsung
	Option 2.

	Huawei, HiSilicon
	We slightly prefer option 2 for simplicity.

	ZTE, Sanechips
	Option 2

	LGE
	Depending on the granularity of CSI reference resource (e.g., sTTI or subframe), how to assume CRS overhead might be also different. If the granularity of CSI reference resource is a sTTI, option 1 would be preferred. If the granularity of CSI reference resource is a subframe, option 2 would be preferred as legacy. 

	Qualcomm
	Option 2. Either the average CRS overhead per sTTI (e.g., if a 4-port CRS is configured, the overhead per sTTI is 4 REs per RB) is considered or no CRS overhead will be considered.

	Motorola Mobility, Lenovo
	Option 2

	KT
	Option 2



Summary of the views on Question 10:
9 companies responsded to this question:
· 8 companies (Ericsson, Nokia/NSB, Samsung, Huawei/HiSilicon, ZTE/Sanechips, Qualcomm, Motorola/Lenovo and KT) selected Option 2.
· 1 company (LGE) selected Option 1 if the CSI reference resource is defined based on the sTTI, and Option 2 if it is defined based on the subframe.
Based on the majority of the views, we have the following proposal:
Proposal 10: A fixed CRS overhead shall be assumed over the CSI reference resource. The details are for FFS.

Question 11: If reference resources are defined based on the sTTI, the sTTIs in MBSFN subframes are considered as valid downlink sTTIs for TM1-8.
· Option 1: Yes.
· Option 2: No.
	Company
	Views

	Ericsson
	Option 2: no.  

	Samsung
	Option 2

	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.

	ZTE, Sanechips
	Option 2. 

	LGE
	Option 2.

	Qualcomm
	Option 1. The CRSs in the PDCCH region of MBSFN subframes can be used for channel estimation, and the ones in the data region of the past non-MBSFN subframes can be used for interference estimation.

	Motorola Mobility, Lenovo
	option 2

	KT
	Option 2



Summary of the views on Question 11:
8 companies responsded to this question:
· 7 companies (Ericsson, Samsung, Huawei/HiSilicon, ZTE/Sanechips, LGE, Motorola/Lenovo and KT) selected Option 2.
· 1 company (Qualcomm) selected Option 1.
Based on the majority of the views, we have the following proposal:
Proposal 11: If the CSI reference resource is defined with the sTTI granularity, the sTTIs in the MBSFN subframes are not considered as valid DL sTTIs for TM1-8.

Aperiodic CSI Report Triggering
Question 12: How should the aperiodic CSI reporting be triggered?
· Option 1: A DCI triggers a CSI reporting for 1ms TTI and sDCI triggers a CSI reporting for sTTI
· Option 2: A DCI triggers a CSI reporting for 1ms TTI and sTTI and sDCI triggers a CSI reporting for sTTI
	Company
	Views

	Ericsson
	Option 1.   

	Nokia, NSB
	Option 1. Note that this only relates to the channel which carries the reporting, not the reference resource, which is TTI in both cases.

	Samsung
	Option 1.

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

	ZTE, Sanechips
	Option 1

	LGE
	Option 1.

	Qualcomm
	Option 1.

	Motorola Mobility, Lenovo
	We prefer Option 2
Similar to the existing functionality for triggering CSI reports for different csi-processes, serving cells, etc, it can be beneficial to enable DCI to trigger reports for sTTI. In such a case, the report is sent on PUSCH (with n+3 timing). Such an approach would save control resources by transmittitng only DCI and not sDCI in case the UE has only DCI-related operation at the moment and would need sDCI just to trigger CSI report for sTTI operation.  

	KT
	Option 1



Summary of the views on Question 12:
9 companies responsded to this question:
· 8 companies (Ericsson, Nokia/NSB, Samsung, Huawei/HiSilicon, ZTE/Sanechips, LGE, Qualcomm and KT) selected Option 1.
· 1 company (Motorola/Lenovo) selected Option 2.
Based on the majority of the views, we have the following proposal:
Proposal 12:  A legacy DCI triggers a CSI reporting for 1ms TTI and sDCI triggers a CSI reporting for sTTI.

UE Capabilities and Restrictions
[bookmark: _Hlk496786688]Question 13: 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.
· Option 1: Yes.
· Option 2: No.
	Company
	Views

	Ericsson
	Option 1 Yes. 


	Nokia, NSB
	Option 1. 

	Samsung
	Option 1

	Huawei, HiSilicon
	Option 1. 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.

	ZTE, Sanechips
	Option 1

	LGE
	Option 1.

	Qualcomm
	Option 1.

	KT
	Option 1



Summary of the views on Question 13:
8 companies responsded to this question:
· All companies selected Option 1.
Based on the majority of the views, we have the following proposal:
Proposal 13:  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.

Question 14: 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.

· Option 1: Yes.
· Option 2: No.
	Company
	Views

	Ericsson
	Option 1: Yes. 

	Nokia, NSB
	Option 1. 

	Samsung
	Option 1

	Huawei, HiSilicon
	Option 1. 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.

	ZTE, Sanechips
	Option 1

	LGE
	Option 1.

	Qualcomm
	Option 1.

	KT
	Option 1



Summary of the views on Question 14:
8 companies responsded to this question:
· All companies selected Option 1.
Based on the majority of the views, we have the following proposal:
Proposal 14:  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.

Question 15: 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.

· Option 1: Yes.
· Option 2: No.
	Company
	Views

	Ericsson
	Option 1: Yes. 

	Nokia, NSB
	Option 1. 

	Samsung
	Option 1

	Huawei, HiSilicon
	Option 1. 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.

	ZTE, Sanechips
	Option 1

	LGE
	Option 1.

	Qualcomm
	Option 1.

	KT
	Option 1



Summary of the views on Question 15:
8 companies responsded to this question:
· All companies selected Option 1.
Based on the majority of the views, we have the following proposal:
Proposal 15:  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.

Question 16: For the sTTI operation, the UE capability which indicates the maximum number of CSI processes to be updated across CCs is reported separately from that of the 1ms TTI operation. 

· Option 1: Yes.
· Option 2: No.

	Company
	Views

	Ericsson
	Yes

	Nokia, NSB
	Option 1. 

	Samsung
	Option 1

	Huawei, HiSilicon
	Yes

	ZTE, Sanechips
	Option 1

	LGE
	Option 1.

	Qualcomm
	Option 1.

	Motorola Mobility, Lenovo
	Option 1

	KT
	Option 1



Summary of the views on Question 16:
9 companies responsded to this question:
· All companies selected Option 1.
Based on the majority of the views, we have the following proposal:
Proposal 16:  For the sTTI operation, the UE capability which indicates the maximum number of CSI processes to be updated across CCs is reported separately from that of the 1ms TTI operation. 

[bookmark: _Hlk496786820]Question 17: The UE is not expected to update CSI associated with all CSI requests except the  when the UE has  unreported CSI associated with other aperiodic CSI requests. A CSI process associated with a CSI request shall only be counted as unreported in an sTTI before the sTTI where sPUSCH carrying the corresponding CSI is transmitted. The value of  is a UE capability. 

· Option 1: Yes.
· Option 2: No.
Please state the reason for your choice.
	Company
	Views

	Ericsson
	[bookmark: _Hlk496786838]I am not sure we completely understand the question. We would chose Option 2, no. If the UE is expected to communicate CSI reporting capability for both 1ms TTI and sTTI, then why have a UE capability Nu that will account for all unreported CSI requests? 

	Nokia, NSB
	Agree with Ericsson. Unclear if a separate capability is needed for this. 

	Huawei, HiSilicon
	We slightly prefer option 1. 

	LGE
	Also unclear why Nu is a UE capability.

	Qualcomm
	To clarify, the question can be revised as follows:
The UE is not expected to update CSI for sTTI associated with all CSI requests except the  when the UE has  unreported CSI associated with other aperiodic sTTI CSI requests. A CSI process associated with a CSI request for sTTI shall only be counted as unreported in an sTTI before the sTTI where sPUSCH carrying the corresponding CSI is transmitted. The value of  is a UE capability, and is the same as defined in Question 16. 

This proposal is needed to make sure that the UE is not required to update CSI for too many CSI processes. Given the very short processing timeline of the sTTI operation, enabling such a capability is essential in order to allow for sTTI CSI reporting. 
Let us assume that based on the capability defined in Question 16, the UE declares that it can update Y CSI processes across all CCs. This capability sets a limit on the number of CSI processes in the frequency domain. Now, let us assume that the UE receives a trigger in sTTI n which indicates that a report is needed for Y CSI processes. In sTTI n+1, the UE receives another trigger that indicates a report is needed for Y CSI processes. Hence, while the UE is preparing the report for the first set of Y CSI processes, it should also prepare the report for the second set of Y CSI processes. In effect, this is equivalent to having a capability of updating 2Y CSI processes. 
[bookmark: _GoBack]Question 17 is posed to circumvent this issue as follows: When a CSI trigger is received in sTTI n, the UE counts the number of unreported CSI processes, X, up to sTTI n+k-1. If the number of unreported CSI processes X is above Y, then the UE is only required to update its report for max(0,Y – X) CSI processes. For example, let us assume that Y = 10. The UE may receive a trigger to report CSI for 7 CSI processes in sTTIn. At this point, the number of unreported CSI processes is 7. Since 7<10, the UE should update CSI for all CSI processes and report them back. In sTTI n+1, it may receive a trigger to report CSI for 5 CSI procceses. At this point, the number of unreported CSI processes is 7. Hence, the UE should only update CSI for max(0,10-7) = 3 CSI processes out of the 5 requested ones. The CSI for the remaining 2 will be reported based on the stale information.
It should be noted that the similar procedure is already defined in the spec. (TS 36.213, Section 7.2.1) for the case when the UE is configured with more than one CSI process for a serving cell. The approach presented here expands this procedure to CSI reporting for sTTI operation by limiting the number of CSI processes than can be updated in both time and frequency. As mentioned before, it should again be highlighted that adopting this approach is necessary to guarantee the UE can meet its processing timeline.


	KT
	Same view with LGE



Summary of the views on Question 17:
7 companies responsded to this question:
· 2 companies (Huawei/HiSilicon and Qualcomm) selected Option 1.
· All other companies mentioned that the question was not clear.
The discussion on this question, hence, will be continued offline and also during the next meeting.
Question 18: In your opinion, should all legacy aperiodic reporting modes be supported? If No, please state which reporting modes should be excluded.

	Company
	Views

	Ericsson
	Support only Modes 1-0,  1-1, 3-0,3-1. Modes 1-2, 2-0,2-2,3-2 are excluded. 

	Nokia, NSB
	All legacy modes can be supported. Given that subband sizes will also increase, we see no need to limit the applicable modes.

	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.

	ZTE, Sanechips
	Yes, support all legacy modes. 

	LGE
	Our preference is to support a subset of reporting modes (e.g., 1-0, 1-1, 3-0, 3-1), but we are open to support all legacy mode depending on the decision regarding subband size for sTTI CSI reporting. 

	Qualcomm
	All legacy modes should be supported. If Option 2 of question 23 is supported, the processing load at the UE to compute multiple PMIs can be reduced significantly.

	KT
	Yes. All the legacy modes could be supported.



Summary of the views on Question 18:
7 companies responsded to this question:
· 5 companies (Nokia/NSB, Huawei/HiSilicon, ZTE/Sanechips, Qualcomm and KT) proposed to support all reporting modes.
· 1 company (Ericsson) proposed to only support a subset of modes.
· 1 company (LGE) proposed to support only a subset of reporting modes, but is open to considering the support for all transmission modes.
Based on the majority of the views, we have the following proposal:
Proposal 17:  For sTTI CSI reporting, all the legacy aperiodic reporting modes are supported.

Question 19: For 2/3-symbol sTTI operation, the subband sizes are increased by a factor of X. Please state your preferred value of X.

	Company
	Views

	Ericsson
	The value of X should be consistent with the sRBG sizes. The current subband sizes are set so that it is twice the size of RBG for a given PRB size.  Given that the RGB size has been increased by a factor of 3 to create the sRBG (ran1#90b agreement for 2/3os as well as 7os sTTI), the subband size should also be increased by a factor of X=3 compared to the legacy table. The new subband size table is given below for allocation type 0
	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

	Type
	1.4 MHz
	3 MHz

	sRBG
	6
	6

	Subband size (reporting modes 3-x)
	NA
	12

	Subband size (reporting mode 2x-)
	NA
	6


  

	Nokia, NSB
	Looking at the legacy values (below), only a moderate increase is needed. In our view, the subband sizes could be aligned withsRBG sizes, or at maximum the legacy subband sizes k could be doubled, i.e. X=2. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Table 7.2.1-3: Subband Size (k) vs. System Bandwidth
	System Bandwidth
	Subband Size

	

	(k)

	6 - 7
	NA

	8 - 10
	4

	11 - 26
	4

	27 - 63
	6

	64 - 110
	8




	Samsung
	X should be considered with sRBG.Then, subband size can be e.g., 12.

	Huawei, HiSilicon
	We share similar view as Nokia. X could be equal to 2.

	ZTE, Sanechips
	Agree with Ericsson that the subband size should be increased by a factor of X=3 compared to the legacy table.

	LGE
	Table 7.1.6.1-1A: Type 0 resource allocation RBG size vs. Downlink System Bandwidth for DCI format 7-1x
	System Bandwidth
	RBG Size

	

	(P)

	≤10
	1

	11 – 24
	2

	25 – 63
	6

	64 – 110
	12



Table 7.1.6.3-1A:  values vs. Downlink System Bandwidth
	
System BW ()
	


	
	DCI format 7-1x

	20 – 26
	4

	27 – 63
	6

	64 – 110
	4


Considering the agreements on sRBG size, our suggestion on the subband size for sTTI CSI reporting is given by the following table: 
	System Bandwidth
	Subband Size 
of mode 3-x
	Subband Size 
of mode 3-x
for sTTI CSI
	Subband size 
of mode 2-x
	Subband Size 
of mode 2-x
for sTTI CSI

	

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

	6 - 7
	NA
	NA
	NA
	NA

	8 - 10
	4
	8
	2
	2

	11 - 26
	4
	12
	2
	4

	27 - 63
	6
	12
	3
	6

	64 - 110
	8
	24
	4
	12




	Qualcomm
	The same as legacy, the subband sizes for modes 1-x and 3-x could be set as twice (X= 2) the sRBG, i.e., Subband size are 12, 12, 24 and 24 for, respectively, 5, 10, 15 and 20MHz of bandwidth. For mode 2-x, the subband sizes can be the same as the sRB size, i.e., 6, 6, 12 and 12 for, respectively, 5, 10, 15 and 20MHz.

	Motorola Mobility, Lenovo
	In our view, the subband size should not be very large in-order to acheive rather accurate CSI estimation. It may also be beneficial to have the subband size & sRBG size be multiple of each other. 
The subband size can be equal to 6 (or 4),6,12,12 RBs for 5,10,15, and 20 MHz, respectively. 



Summary of the views on Question 19:
8 companies responsded to this question:
· Ericsson and ZTE/Sanechips proposed to consider X = 3 for reporting modes 3-x and 5/10/15/20MHz of bandwidth, and a fixed subband size of 12 for all system bandwidth under the reporting modes 2-x.
· Nokia/NSB and Huawei/HiSilicon proposed to consider X = 2.
· Samsung proposed a fixed subband size of 12 for all system bandwidth.
· LGE proposed X = 2 or 3 based on the system bandwidth for reporting modes 3-x and 2-x.
· Qualcomm proposed to set the subbands sizes as twice the sRBG sizes for modes 1-x and 3-x, and keeping them the same as the sRBG size for reporting modes 2-x.
· Motorola Mobility/Lenovo propsed to use 6 (or 4),6,12,12 RBs for 5,10,15, and 20 MHz, respectively.
Since there is no clear majority supporting the same proposal, the discussion on this topic will be deferred until the next meeting.

Question 20: For 1-slot sTTI operation, the subband sizes should be increased as compared to those of the legacy LTE.
· Option 1: Yes.
· Option 2: No.

	Company
	Views

	Ericsson
	Yes

	Nokia, NSB
	No

	Samsung
	No

	Huawei, HiSilicon
	Yes. Similar reason as that for 2/3-symbol sTTI.

	ZTE, Sanechips
	Yes. 

	LGE
	Yes.

	Qualcomm
	Yes.

	Motorola Mobility, Lenovo
	No

	KT
	Yes


Summary of the views on Question 20:
9 companies responsded to this question:
· 6 companies (Ericsson, Huawei/HiSilicon, ZTE/Sanechips, LGE, Qualcomm and KT) chose Option 1.
· 3 companies (Nokia/NSB, Samsung, Motorola/Lenovo) chose Option 2. 
Based on the majority of the views, we have the following proposal:
Proposal 18: For 1-slot sTTI operation, the subband sizes should be increased as compared to those of the legacy LTE.


Question 21: If your response to Question 20 is Yes, please state your preferred scaling factor.

	Company
	Views

	Ericsson
	 X=3, consistent with question 19.

	Huawei, HiSilicon
	For simplicity could be just the same as Q19 and X=2.

	ZTE, Sanechips
	X=3 

	LGE
	Same as the response to Question 19. The scaling factor would be 1, 2 or 3 depending on the system bandwidth and reporting mode. 

	Qualcomm
	The same as the response to Question 19.

	KT
	Similar view with LGE



Summary of the views on Question 21:
6 companies responsded to this question. However, similar to the responses to Question 19, there is no majority supporting the same proposal. Hence, the discussion on this topic will be continued during the next meeting.

[bookmark: _Hlk496787582]Question 22: The ratio of the PDSCH EPRE to CSI-RS EPRE for 1ms TTI and sTTI are configured:
· Option 1: Jointly.
· Option 2: Separately.

	Company
	Views

	Ericsson
	Option 1. Since it is a ratio, joint configuration should be ok. PDSCH RE count should compare to equivalent TTI transmission if wider PRB allocation is done.
  

	Nokia, NSB
	Option 1

	Samsung
	Option 1

	Huawei, HiSilicon
	For simplicity we could live with option 1 though separately 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.

	ZTE, Sanechips
	Option1

	LGE
	Option 1.

	Qualcomm
	Option 2. Separate ratios are defined as part of the configuration.

	KT
	Option 1



Summary of the views on Question 22:
8 companies responsded to this question:
· 6 companies (Ericsson, Nokia/NSB, Samsung, ZTE/Sanechips, LGE and KT) chose Option 1.
· 1 company (Huawei/HiSilicon) mentioned that Option 1 is fine althouogh Option 2 is more suitable in terms of forward compatibility.
· 1 company (Qualcomm) chose Option 2.
Based on the majority of the views, we have the following proposal:
Proposal 19: The ratio of the PDSCH EPRE to CSI-RS EPRE for 1ms TTI and sTTI are configured jointly.

Question 23: For PMI reporting, the codebook size restriction is indicated via:
· Option 1: RRC signaling
· Option 2: A set of all precoding matrices are grouped by eNB into multiple sub-codebooks. The sub-codebook to use is indicated as a function of the sTTI index carrying the reporting triggering.
· Option 3: Any other approach.
	Company
	Views

	Ericsson
	Option 1 

	Nokia, NSB
	Option 1

	Samsung
	Option 1

	Huawei, HiSilicon
	For simplicity we could live with option 1 in this WI even it is not that good. 

	ZTE, Sanechips
	Option 1 

	LGE
	Option 1.

	Qualcomm
	Option 2. In legacy LTE, codebook restriction can be performed if eNB decides that some of the precoding matrices are not useful. For sTTI CSI reporting, the rationale of employing the codebook size restriction is to reduce the PMI processing burden at the UE. Let us assume that the eNB considers X precoding matrices for reporting. Instead of reporting the CSI based on all X precoders in one shot, the X precoders can be split into K groups of smaller sizes. Each time the aperiodic CSI reporting is triggerd, the UE only needs to report CSI based on the precoding matrices in one of the K groups. If the group selection is tied to the index of the sTTI triggering the report, or if it is signaled in the sDCI, the eNB can flexibly request the CSI associated with each group whenever needed, while the processing at the UE is reduced. 

	KT
	Option 1



Summary of the views on Question 23:
8 companies responsded to this question:
· 7 companies (Ericsson, Nokia/NSB, Samsung, Huawei/HiSilicon, ZTE/Sanechips, LGE and KT) chose Option 1.
· 1 company (Qualcomm) chose Option 2.
Based on the majority of the views, we have the following proposal:
Proposal 20: For PMI reporting, the codebook size restriction is indicated via RRC signaling.

[bookmark: _Hlk496787719]Question 24: If a UE is configured with the sTTI operation, it shall not be configured with the higher layer parameter eMIMO-type.
· Option 1: Agree.
· Option 2: Disagree.
Please state the reason for your preferred option.
	Company
	Views

	Ericsson
	[bookmark: _Hlk496787728]Option 2: disagree. One could support FD mimo for sTTI, possibly with assistance of 1ms TTI CSI feedback. That way the overhead required for the precoder feedback can be taken by 1ms subframes. This requires the same TM configured for sTTI and 1ms TTI. FFS details on possible restriction of CSI reporting (e.g. number of configured ports).
 

	Nokia, NSB
	Option 2: CSI feedback over sTTI is in our view applicabler to TTI operation and therefore there’s no need to preclude eMIMO operation from CSI feedback point of view.

	Samsung
	Option 2

	Huawei, HiSilicon
	We could be ok not to support FD-MIMO in this WI for simplicity for sTTI. But eMIMO for 1ms TTI could still be valid. 

	LGE
	In our understanding, whether eMIMO-type will be configured separately between 1ms TTI and sTTI or commonly should be clarified in advance. Regardless, the legacy eMIMO operation should not be affected by sTTI operation. 
Considering the agreement that only aperiodic CSI reporting is intended to be supported for the sTTI operation in Rel-15 WI with up to 3-bit trigger, even though a UE is configured with eMIMO-type for sTTI operation, the number of activated aperiodic CSI-RS resources should be restricted to 1 in order to keep the CSI request bits up to 3. 

	Qualcomm
	Agree that since the 1ms TTI operation is supported for the sTTI users, the eMIMO-type parameter can be configured. However, the sTTI CSI reporting should not be used to provide CSI associated with the FD-MIMO operation.

	KT
	Option 2



Summary of the views on Question 24:
7 companies responsded to this question:
· 3 companies (Nokia/NSB, Samsung and KT) chose Option 2 with no condition.
· 1 company (Ericsson) chose Option 2, but mentioned that the possible restriction of CSI reporting in terms of, e.g., the number of configured ports, can be FFS.
· 2 companies (Huawei/HiSilicon and Qualcomm) proposed not to support FD-MIMO for sTTI operation. However, the UE can be configured with eMIMO-type parameter for the 1ms TTI operation.
· 1 company (LGE) proposed to first clarify if the eMIMO-type will be configured separately between 1ms TTI and sTTI or not. LGE also agreed that the eMIMO operation should not be affected by sTTI operation.

Based on the companies’ views, we have the following proposal for further discussion:
Proposal 21:  If a UE is configured with sTTI operation, the parameter eMIMO-type:
· Option 1: is configured jointly for both 1ms TTI and sTTI operations.
· Option 2: is configured separately for 1ms TTI and sTTI operations.
· Option 3: shall not be configured for the sTTI operation.


List of Proposals
Based on inputs from the companies, the following proposals will be discussed during the next meeting.

Proposal 1: For sTTI CSI reporting, the reference resource is defined based on the sTTI.

Proposal 2: For the 2-symbol sTTI operation, the reference CSI resource could be either a 2-symbol or a 3-symbol sTTI with TBS scaling.

Proposal 3: For aperiodic CSI reporting under the sTTI operation,  is defined with the sTTI granularity.

Proposal 4: For slot0, X symbols are assumed to be occupied by PDCCH. The value of X will be dowselected from [2,3].

Proposal 5: For slot1 and 2/3-symbol sTTIs, the control overhead assumption is based on the control RB set(s) configured for a UE for monitoring.
· FFS whether the UE should rate-match around the sPDCCH scheduling sPDSCH.

Proposal 6: Under the 2-symbol sTTI operation, if CFI = 2 or 3, sTTI#0 is not a valid DL sTTI.

Proposal 7: Under the 2-symbol sTTI operation, if CFI = 2 or 3, if sTTI#0 is chosen as a reference resource by following the legacy procedure, the previous nearest reference resource should be used.

Proposal 8: The CSI-RS overhead should not be considered over reference resource.

Proposal 9: If the UE is configured with one of the DMRS-based TMs, the DMRS overhead should be considered over the reference resource.

Proposal 10: A fixed CRS overhead shall be assumed over the CSI reference resource. The details are for FFS.

Proposal 11: If the CSI reference resource is defined with the sTTI granularity, the sTTIs in the MBSFN subframes are not considered as valid DL sTTIs for TM1-8.

Proposal 12:  A legacy DCI triggers a CSI reporting for 1ms TTI and sDCI triggers a CSI reporting for sTTI.

Proposal 13:  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 14:  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 15:  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 16:  For the sTTI operation, the UE capability which indicates the maximum number of CSI processes to be updated across CCs is reported separately from that of the 1ms TTI operation. 

Proposal 17:  For sTTI CSI reporting, all the legacy aperiodic reporting modes are supported.

Proposal 18: For 1-slot sTTI operation, the subband sizes should be increased as compared to those of the legacy LTE.

Proposal 19: The ratio of the PDSCH EPRE to CSI-RS EPRE for 1ms TTI and sTTI are configured jointly.

Proposal 20: For PMI reporting, the codebook size restriction is indicated via RRC signaling.

Proposal 21:  If a UE is configured with sTTI operation, the parameter eMIMO-type:
· Option 1: is configured jointly for both 1ms TTI and sTTI operations.
· Option 2: is configured separately for 1ms TTI and sTTI operations.
· Option 3: shall not be configured for the sTTI operation.
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