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Introduction
This document summarizes the email discussion [87-24] on sTTI scheduling. Summaries of the discussions are captured in section 2 while the proposed agreements are in section 3. The detailed discussion is included in the appendix. 
Email discussion summaries
There are 18 companies particiapated in the email discussion.
1. The contents and operations for sDCI1.
· 16 companies (HW, HiSi, CATT, DCM, LGE, Samsung, ZTE, ZTE Microelectronics, Ericsson, Nokia, ASB, Motorola, Fraunhofer, Intel, KT, CMCC) support that a sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1, while the legacy DCI contents is the starting point. One company (Qualcomm) proposes that a sPDSCH/sPUSCH is jointly scheduled by UE-specific sDCI1 and sDCI2. One company (Panasonic) has different proposal in different cases.
· Companies propose to add these information to sDCI1: UL DMRS indication for 2-symbol sTTI (HW, HiSi, Qualcomm, LGE, Ericsson, Fraunhofer, Intel, KT, CMCC) , DL DMRS indication for 2-symbol sTTI (HW, HiSi, Qualcomm, Ericsson ), sPDCCH occupied resource (Intel).
· In order to reduce sDCI1 control overhead, 5 companies (DCM, Nokia, ASB, Motorola, Intel)propose to increase the RA granularity for sTTI.

2. Whether sDCI1 schedule a single sTTI, or multiple sTTIs?
· 5 companies (Panasonic, DCM, Samsung, ZTE, ZTE Micro.) think sDCI1 schedules single sTTI is sufficient. The concern comes from scheduling inflexibility and the application scenario.
· 13 (HW, HiSi, CATT, Qualcomm, LGE, Ericsson, Nokia, ASB, Moto, Fraunhofer, Intel, KT, CMCC)companies think sDCI1 schedule single sTTI is the baseline, while multiple sTTI can also be considered, especially for UL. The main benefit comes from control overhead reduction when there is data for multiple sTTI in the buffer, lower decoding latency and fast feedback than 1ms operation.

3. sPDCCH search space configuration
· 6 (DCM, Qualcomm, LGE, Samsung, KT)companies prefer sPDCCH search space to be configured by higher layer. It reduces control overhead.
· 9 (HW, HiSi, ZTE, ZTE Micro., Ericsson, Nokia, ASB, Intel, CMCC )companies prefer the baseline is that sPDCCH search space is configured by higher layer, while sDCI2 could indicate dynamic refinement. It reduces blind detection attempts.
· 4 companies (Panasonic, CATT, Fraunhofer, Motorola,)have different proposal in different cases.

4. sPDCCH frequency resource
· The summary is similar to Q3.

5. Activation/deactivation information of sDCI1 monitoring
· 7 companies (Panasonic, , LGE, Samsung, Nokia, ASB, Motorola, CMCC)don’t see the benefit to introduce information, due to the doubt on power saving necessity and its impact on latency.
· 7 companies (HW, HiSi, CATT, Intel, KT, DCM, Qualcomm) believe this information can be used to reduce DL control channel blind detection attempts and therefore save UE power consumption. The main benefit may happen in TCP slow start in eMBB traffic, but not in URLLC traffic with high requirement of latency and reliability.
·  6 companies (Qualcomm, ZTE, ZTE Micro., Ericsson, Motorola, Fraunhofer,  ) have questions on its relationship with sTTI-specific DRX procedure in RAN2.

6. Transmission frequency of sDCI2, if supported
· 11 companies (Panasonic, CATT, DCM, Qualcomm, Ericsson, Nokia, ASB, Fraunhofer, Intel, KT, CMCC )support that sDCI2 is transmitted on demand, while UE blind detecs sDCI2 in every non-DRX subframe;
· 4 companies (HW, HiSi, ZTE, ZTE Micro.,  )support that UE detects sDCI2 periodically in X (X>=1) subframes. 
· 2 companies prefer not to have 2-level DCI scheduling. 

7. sDCI2 miss detection issue
· 9 companies (HW, HiSi,  DCM, LGE, ZTE, ZTE Micro., Motorola, Intel, CMCC) think if UE does not detect sDCI2 in one subframe, the UE would detect sDCI1 by the default RRC configured set. In this case, the UE would detect sDCI1 successfully with increased BD attempts.
· 4 companies (CATT, Qualcomm, Fraunhofer, KT, )think if UE does not detect sDCI2 in one subframe, the UE would detect sDCI1 by the last detected sDCI2. In this case, the UE’s BD attempts is not increased, but would probably not detect sDCI1 correctly. However, eNB would know it if no ACK/NACK received in a couple of sTTIs later.
· 3 companies (Panasonic, Samsung, Ercisson)think if UE does not detect sDCI2 in one subframe, the UE would not detect sDCI1 in the same subframe. This probably requies the transmission of sDCI2 in every subframe that containing sTTI traffic. 
· Views from 2 companies (Nokia, ASB) are not clear. 

8. Whether sDCI2 is UE-specific, group-specific, cell-specific
· UE-specific is supported by 7 companies (CATT, Qualcomm, ZTE, ZTE Micro., Ericsson, Moto, Fraunhofer)
· Group-specific is supported by 10 companies (Panasonic, HW, HiSi, DCM, LGE, Moto, Fraunhofer, Intel, KT, CMCC)
· Cell-specific is supported by 9 companies (HW, HiSi, DCM, LGE, Nokia, ASB, Intel, KT, CMCC)

9. Contents of sDCI2
· “Aggregation level and/or candidates of sDCI1” is supported by 12 companies (HW, HiSi, CATT, DCM, Qualcomm, ZTE, ZTE Micro., Ericsson, Nokia, ASB, Intel, KT);
· “PRB set to sDCI1 monitoring” is supported by 14 companies (HW, HiSi, CATT, DCM,LGE, ZTE, ZTE Micro., Ericsson, Nokia, ASB, Motorola, Intel, KT, CMCC);
· “TPC command” is supported by 4 companies (Panasonic, HW, HiSi, Qualcomm,);
· “Activation/deactivation information of sDCI1 monitoring ” is supported by 3 companies and is related to RAN2 discussion, if any. (CATT, Ericsson, Intel)
· “Base MCS”(Qualcomm), “PMI”(Qualcomm), “DMRS CS”(Qualcomm), “RA/RV” (Panasonic), “SRS/CSI request” (Panasonic), “legacy PDSCH region” (Nokia, ASB) is supported by 1 or 2 company for each of them.


Proposed agreements

1. An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1
a) sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH
b) Legacy DCI content is the starting point for sDCI1
c) Reduce payload size of sDCI1
i. Increase the granularity of resource block assignment 
1. FFS the applicability and granularity for each resource allocation type
ii. FFS:Jointly indicate some of the information
d) FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling 

2. sDCI1 scheduling a single sPUSCH/sPDSCH is the baseline.
a) sDCI1 scheduling multiple sPUSCH(s) can be considered;
i. Multiple subframe scheduling for eLAA is the starting point


3. A UE is configured with sPDCCH search space and sPDCCH frequency resource by higher layer signaling
a) Whether sPDCCH search space and/or sPDCCH frequency resource can be dynamically adjusted is dependent on the sDCI2 discussion




4. If sDCI2  is supported, eNB configures one of the sTTI scheduling methods to a UE by RRC signaling:
a) Single level scheduling: UE monitors sDCI1 in every sTTI.
b) Two-level scheduling: UE monitors sDCI1 in every sTTI and sDCI2 in legacy PDCCH region.
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5. sDCI2, if supported, the candidates include the following information
a) Aggregation level and/or candidates of sDCI1;
b) PRB set to sDCI1 monitoring;
c) Activation/deactivation information of sDCI1 monitoring 
d) TPC command




6. sDCI2, if supported, is transmitted on demand, while UE blindly detects sDCI2 in PDCCH in every non-DRX subframes.



7. If UE does not detect sDCI2 (if supported) in one subframe, the UE would still detect sDCI1 by:
a) Option1: the default RRC configured set
b) Option2: the latest detected sDCI2 
8. The size of sDCI 2 (if supported) is the same as one of the DCI formats for 1ms TTI operation in the legacy PDCCH region.
a) 
9. Send an LS to RAN2 asking if there is any conclusion on sTTI-specific DRX procedure.







10. sDCI1 for sPUSCH scheduling at least include the following information
a) HARQ process number 
b) Redundancy version
c) UL DMRS position and presence(if supported) indication for 2-symbol based sPUSCH
d) UL DMRS comb, if supported for 2-symbol based sPUSCH
e) FFS: Flag to differentiate sDCI format for sPUSCH and sDCI format for sPDSCH 
f) Carrier Indicator
g) Resource block assignment
h) TPC command for sPUSCH, if supported
i) Cyclic shift for DMRS
j) UL index or DAI at least for frame structure type 2
k) CSI request
l) SRS request
m) Resource allocation type
n) Modulation and coding scheme
o) NDI 
p) Precoding information and number of layers if TM2 is configured 
Note: Each information above is not necessary to be an individual field in sDCI1.
11. sDCI1 for sPDSCH scheduling at least include the following information
a) Occupied sPDCCH resource indication 
b) DL DMRS position and presence(if supported) indication for 2-symbol based sPDSCH
c) HARQ-ACK resource indication for sPUCCH, if supported
d) FFS: Flag to differentiate sDCI format for sPUSCH and sDCI format for sPDSCH 
e) Carrier indicator
f) Resource allocation header
g) Resource block assignment
h) TPC command for sPUCCH, if supported
i) DAI at least for frame structure type 2
j) HARQ process number 
k) MIMO related information if TM3/4/6/8/9/10 is configured
l) SRS request
m) Modulation and coding scheme 
n) NDI
o) Redundancy version
Note: Each information above is not necessary to be an individual field in sDCI1.
12. A UE is configured with sPDCCH search space and sPDCCH frequency resource by higher layer signaling
a) Whether sPDCCH search space and/or sPDCCH frequency resource can be dynamically adjusted is dependent on the sDCI2 discussion
13. eNB configures one of the sTTI scheduling methods to a UE by RRC signaling:
a) Single level scheduling: UE monitors sDCI1 in every sTTI.
b) Two-level scheduling: UE monitors sDCI1 in every sTTI and sDCI2 in legacy PDCCH region.
14. sDCI2, if supported, at least include the following information
a) Aggregation level and/or candidates of sDCI1;
b) PRB set to sDCI1 monitoring;
c) FFS: Activation/deactivation information of sDCI1 monitoring and TPC command
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Introduction

The purpose of this email discussion is to share views on sTTI scheduling. This document provides a list of questions to progress the understanding of the proposals for sTTI scheduling. Companies are encouraged to provide inputs by 18th January.



For reference, RAN1 agreements [1] related to sTTI scheduling and the proposals in R1-1613373 and R1-1613422 are copied below [2] [3].

		Related agreements at the RAN1#86bis meeting:

		



		Agreements:

· Select a sTTI scheduling scheme among the following candidates for each sTTI length

· Single level DCI 

· RRC configuration of sPDCCH search space and/or sPDCCH frequency region

· UE-specific information in sDCI related to sPDSCH/sPUSCH

· Two level DCI 

· RRC configuration may or may not at least partially indicate sPDCCH frequency region/search space for some of the variants described below

· variant 1

· Slow DCI: non UE-specific information in PDCCH 

· Fast DCI: UE-specific information in sDCI

· variant 2

· Slow DCI: UE-specific information in PDCCH

· Fast DCI: UE-specific information in sDCI

· variant 3

· Slow DCI: UE-specific information in PDCCH and/or sPDCCH

· Fast DCI: UE-specific information in sDCI

· Note: the sTTI scheduling scheme may be the same or different for different sTTI length

· FFS how to reduce the payload of sDCI/DCI messages for sTTI operation

· FFS support of multi-sTTI scheduling

· Additional L1 signaling related to sTTI operation can be considered

		







		Proposals in R1-1613373:



		· A sPDSCH/sPUSCH is scheduled by a UE-specific sDCI (sDCI 1)

· sDCI in PDCCH region (sDCI 2) dynamically indicates the adjustment of sPDCCH search space and/or frequency resource for the following sTTI(s), from a RRC configured sPDCCH search space and/or frequency resource set

· If the UE does not detect the sDCI2, the UE may monitor the RRC configured sPDCCH search space and/or frequency resource set

· [include “Activation/deactivation information of sDCI 1 monitoring” in sDCI 2]

· Other information in sDCI2 is not precluded 

· FFS whether sDCI2 is UE-specific or common or group 

· FFS: The sDCI in PDCCH region may not be transmitted in every subframe 







		Proposals in R1-1613422:



		· For an sTTI scheduling, single-level DCI used to schedule sPDSCH/sPUSCH is supported. 

· sPDCCH search space(s) and/or frequency resource is configured by RRC. 

· FFS the number of search space and/or frequency resource. 







Questions list



Question 1: is sPDSCH/sPUSCH scheduled by a UE-specific sDCI? If yes, please provide the possible content of this sDCI, i.e, sDCI1.

Note: To simplify the discussion, let’s use sDCI1 for the sPDSCH/sPUSCH scheduling sDCI in this email discussion.

		Company

		Views



		Panasonic 

		Our answer depends on which sTTI scheduling scheme is assumed. 

In case of single DCI and two-level DCI variant 2 and variant 3, our answer is Yes. sDCI1 includes at least resource block assignment information, HARQ process number and NDI.

In case of two-level DCI variant 1, sPDSCH/sPUSCH is basically jointly scheduled by a group-common DCI and UE-specific DCI. In this case, the content of sDCI1 includes at least MCS, MIMO related information, HARQ process number and NDI. To realize some scheduling flexibility, it is also possible to include resource block assignment information but the range or size should be limited.





		Huawei, HiSilicon 

		Yes we think sPDSCH/sPUSCH is scheduled by a UE-specific sDCI (i.e. sDCI1), and sDCI1 would include complete scheduling information for sPDSCH/sPUSCH. 

An sDCI1 for scheduling sPUSCH would include at least the following information:    

· UL DMRS position indication 

· UL DMRS comb and/or cyclic shift indication

· HARQ process number 

· NDI 

· Resource block assignment

· Modulation and coding scheme 

· Redundancy version

· Precoding information and number of layers if TM2 is configured 

· UL index or DAI at least for frame structure type 2

Some other information like CSI request and SRS request may be needed also, but it may be not necessary to be incuded in every sTTI. A field to differentiate the UL DCI format and DL DCI format can be considered also if same payload size is supported for blind detection reduction.      



An sDCI1 for scheduling sPDSCH would include at least the following information:    

· Occupied sPDCCH resource indication 

· Resource block assignment

· Modulation and coding scheme 

· Redundancy version

· HARQ process number 

· NDI 

· DAI at least for frame structure type 2

· HARQ-ACK resource indication 

· MIMO related information if TM3, TM4, TM6, TM8, TM9 or TM10 is configured  

A field to differentiate the UL DCI format and DL DCI format can be considered also if same payload size is supported for blind detection reduction. TPC command for sPUCCH may be included also. 



		CATT

		A sPDSCH/sPUSCH is scheduled by a UE-specific DCI, i.e. sDCI 1. The legacy DCI contents in DL/UL grant can be considered as the starting point. Introduction of new contents or removal of existing contents should be discussed with good justifications. 



		NTT DOCOMO

		Yes. A sPDSCH/sPUSCH is scheduled by a UE-specific sDCI. The content of the UE-specific sDCI contains integrated scheduling information necessary for UE decoding/transmitting sPDSCH/sPUSCH. Overhead reduction for sDCI can be considered, e.g. increase the resource allocation granularity. 



		Qualcomm

		In conjunction with the information sent via sDCI2, a UE-specific sDCI1 schedules both sPDSCH and sPUSCH. In other words, the UE-specific sDCI1 and sDCI2 jointly convey the full scheduling information for both the DL as well as the UL operations.



The sDCI1 scheduling an sPDSCH includes the following information fields:

· sPDSCH resource assignment

· sPDSCH rate matching (required for exploiting the unused sPDCCH resources)

· HARQ process ID/RV/NDI

· MCS (The base MCS is sent via sDCI2)

· DMRS trigger (included for a 2-symbol low latency operation)

· SRS trigger (Note: SRS can potentially be triggered via both DL and UL grants.)

· Note: In our view, the slowly-varying DL parameters, such as base MCS, precoding information, TPC and the sPDCCH aggregation levels need not be sent by sDCI1. Such information fields can be included within the sDCI2, and only be sent once needed. The core benefit of this separation amongst the fast-varying and slowly-varying parameters is that the sDCI1 overhead can be minimized; hence, more resources can be reserved for sPDSCH transmission. 

The sDCI1 scheduling an sPUSCH includes the following information fields:

· DMRS/sTTI pattern

· HARQ process ID/RV/NDI

· MCS (The base MCS is sent via sDCI2)

· SRS trigger

· CSI trigger 

· Note: As explained above, the slowly-varying UL parameters are included in the sDCI2, and are only updated when needed.





		LGE

		In our view, scheduling sPDSCH/sPUSCH by a single UE-specific sDCI (i.e., sDCI1) is supported as a baseline. The potential contents of sDCI1 can be designed based on those of legacy DCI with necessary modifications such as dynamic sPUSCH DM-RS indication.



		Samsung

		Yes, UE-specific sDCI schedules sPDSCH/sPUSCH. Since it is already agreed that UE handles short TTI unicast PDSCH, it is natural that UE-specific sDCI schedules sPDSCH/sPUSCH.

The legacy DCI contents can be a starting point of this discussion.



		ZTE, ZTE Microelectronics

		Yes, sPDSCH/sPUSCH should be scheduled by a UE-specific sDCI. 

For the sDCI scheduling sPDSCH, its contents include those fields of legacy DCI scheduling PDSCH, but with the sizes of some sDCI fields possibly different from those of legacy DCI.

For the sDCI scheduling sPUSCH, its contents include the field indicating the relative position between sPUSCH and corresponding DMRS, and those fields of legacy DCI scheduling PUSCH, but with the sizes of some sDCI fields possibly different from those of legacy DCI.



		Ericsson

		A sPDSCH/sPUSCH is scheduled by a UE-specific DCI, i.e. sDCI 1. The legacy DCI contents in DL/UL grant can be considered as the starting point. Examples of additional fields for sDCI1 are UL DMRS position for sPUSCH and DMRS presence for sPDSCH.



		Nokia, ASB

		Yes, the sTTI(sPDSCH and sPUSCH) is scheduled by a UE-specific sDCI1.  To reduce the sDCI1 size, the scheduling granularity is increased. At any point of time, sPDSCH can be scheduled to any subband within system BW by sDCI1. An additional signaled information (on top of legacy DCI content) is not precluded, but each added bit should provide significant benefits to the sTTI operation.



		Motorola Mobility

		Yes. sPDSCH/sPUSCH should be scheduled via sDCI. Contents of legacy DCI formats for DL/UL are the baseline but resource allocation granularity can be lower for 2OS case compared to that of 1ms.



		Fraunhofer HHI

		Yes, sPDSCH/sPUSCH should be scheduled by sDCI1. The legacy DCI should be assumed as baseline. Additionally sTTI specific information fields such as e.g. UL DMRS position,  sTTI patterns or updates to sDCI2 shall be considered.



		Intel 

		Yes, sPDSCH and sPUSCH should be scheduled by sDCI1 to gain the benefits of sTTI operations. The legacy DCI format can be a feasible starting point. In particular, the presence of DMRS in an S-TTI and the size of the S-PDCCH region in the S-PDCCH symbol(s) can be signaled in the sDCI1 in order to improve the throughput of sPDSCH by enabling dynamic sharing resources between sPDSCH and sPDCCH. Furthermore, we propose to indicate the RS location of UL in the UL sDCI1 to support DMRS sharing of multiple UEs. We also support the design to increase the RA unit granularity to minimize the control overhead. 



		KT

		Yes, it is natural that UE-specific sDCI schedules sPDSCH/sPUSCH. Some contents of sDCI can be modified/added depending on new feature for transmitting/receiving sPDSCH/sPUSCH compared with legacy DCI field (i.e. sPUSCH DM-RS position). The legacy DCI size can be a starting-point but overhead reduction of sDCI could be also considered as relatively higher priority



		CMCC

		Yes, sPDSCH/sPUSCH scheduled by a UE-specific sDCI. For the DCI fields, legacy content is a starting point, with additional DMRS position indication in UL grant. And multiple sTTI scheduling information can also be considered to save control overhead for short TTI length if the benefit of multi-sTTI scheduling is justified.







Question2: does the UE-specific sDCI, i.e, sDCI1, schedule a single sTTI, or multiple sTTIs?

		Company

		Views



		Panasonic

		To simplify the standardization, our view on sDCI1 only schedules a single sTTI.



		Huawei, HiSilicon

		We think an sDCI1 scheduling a single sTTI shall be supported. In addition, an sDCI1 schedueling multiple sTTIs can be supported also considering it can help reduce control overhead meanwhile provide possibility to achieve lower latency with possible  sTTI level coding/decoding and/or HARQ feedback.



		CATT

		Single sTTI scheduling is baseline. Multiple sTTI scheduling can also be considered in both DL and UL.



		NTT DOCOMO

		From latency reduction point of view, multi-sTTI scheduling cannot be comparable to single sTTI scheduling; From spectral effiency point of view,  multi-sTTI scheduling cannot be comparable to single 1ms TTI scheduling. Since dynamic switch between sTTI and 1ms TTI is supported, no strong motivation to support multiple sTTI scheduling.



		Qualcomm

		A single sTTI scheduling scheme should be considered as the default mode of operation. The multi-sTTI scheduling can further be studied and discussed in order to possibly reduce the sTTI scheduling overhead.  



		LGE

		Basically single sTTI scheduling by sDCI1 shall be supported. Additionally, for control overhead reduction, multiple sTTI scheduling can be further considered as well. In multiple sTTI scheduling, various aspects needs to be carefully considered such as HARQ process ID, RV, etc.



		Samsung

		We support a single sTTI scheduling. 

Multiple sTTI scheduling needs further study. With already having dynamic scheduling between sTTI and 1ms TTI, multiple sTTI scheduling is less motivated.



		ZTE, ZTE Microelectronics

		In our view, the UE-specific sDCI schedules a single sTTI only. This is because latency reduction benefit is mainly obtained in TCP slow-start phase, and the traffic could arrive dynamically and aperiodically. So resource allocation over multi-sTTIs would not be a typical application. There seems no applicable scenario for multi-sTTI scheduling.



		Ericsson

		Single sTTI scheduling is baseline. Multiple sTTI scheduling can also be considered in both DL and UL. Multiple sTTI scheduling is suitable for eMBB traffic where it is foreseeable that there is data in the buffer for several consecutive sTTI (even in TCP slowstart). By contrast to 1ms TTI, multiple sTTI scheduling has the advantage of fast decoding and fast feedback coming from short TTI while reducing further the control overhead.



		Nokia + ASB

		We agree that single-sTTI scheduling is the baseline mode of operation and needs to be supported. Multi-sTTI scheduling can be considered further at least for UL, considering e.g. synergy with eLAA, where multi-TTI scheduling in UL is supported. Multi-sTTI scheduling seems less attractive in DL, because multi-TTI grants would  complicate the reuse of vacant control resources for data. On the one hand multi-sTTI scheduling may reduce control overhead, on the other hand it comes with drawbacks, such as resource allocation & link-adaption inflexibility or increased number of BDs.



		Motorola Mobility

		Both single sTTI scheduling and Multi-sTTI scheduling should be considered. 



		Fraunhofer HHI

		For latency reduction, single sTTI scheduling should be supported in UL and DL. Multi-sTTI scheduling shall be considered for UL scheduling to reduce signaling overhead. FFS if this can also improve DL scheduling when the 2OS-TTI is used.



		Intel 

		We believe the single sTTI scheduling should be supported as baseline to achieve the overall latency reduction target. In addition, multiple sTTIs scheduling can be also considered to provide a way for NW to reduce the overhead, e.g. control and RS, for some particular UEs, e.g. .low mobility without performance loss. 



		KT

		We think single sTTI scheduling is baseline. But in case of the need for control overhead reduction, multiple sTTI scheduling can be one of good alternatives.



		CMCC

		Both single sTTI scheduling and Multi-sTTI scheduling can be considered. When there are data traffic foreseeable in the buffer for several consecutive sTTI, multi-sTTI scheduling can be used to reduce control overhead, which is important for sTTI length such as 2OS. The multiple scheduled sTTI can be feedback independently to get the latency reduction benefit in TCP slow-start phase.







Question 3: which option is supported for indicating sPDCCH search space? Please provide the reason(s) for your choice. 

· Option 1: sPDCCH search space is configured by higher layer.

· Option 2: sPDCCH search space is indicated by an sDCI transmitted in PDCCH region (sDCI2), among an sPDCCH search space set configured by higher layer or predefined in the specification.



		Company

		Views



		Panasonic

		It also depends on which sTTI scheduling scheme is used. 

In case of single DCI and two-level DCI variant 2 and 3, it is option 1.

In case of two-level DCI variant 1, it is option 2.





		Huawei, HiSilicon

		We prefer option 2. It is beneficial to use an sDCI2 to further indicate the sPDCCH search space to be monitored. For example, the aggregation level and/or the corresponding sPDCCH candidate can be further indicated, which can help further reduce sPDCCH blind decodes meanwhile avoid large sPDCCH blocking probability. If the search space is only configured by higher layer, the sPDCCH search space configuration is not flexible which may lead to more sPDCCH blind decodes or larger sPDCCH blocking probability.       



		CATT

		If two-level DCI is supported, option 2, otherwise option 1.



		NTT DOCOMO

		From overhead reduction, granularity of flexibility perspective, option 1 is btter than option 2. From BD perspective, option 2 is better than option 1. Considering configuration of multiple search space sets was already supported for EPDCCH and there are other ways to reduce UE BD like restrict the AL or DCI size, option 1 is preferred.



		Qualcomm

		The first option is preferred. The reason can be explained as follows: The main objective of the two-stage sTTI scheduling is to reduce the signaling overhead. In order to accomplish this task, some information bits, including the sPDCCH search space, should be sent via higher layers, and only updated infrequently. 



In addition, an RRC-configured search space provides a robust alignment between the eNB and UE regarding the sPDCCH decoding, which is necessary for a propoer operation.   



		LGE

		From our perspective, if two-level DCI is supported, two aspects should be considered. One is a UE behavior in case the UE misses sDCI2. The other is the associated overhead. One example we consider two-level DCI could be beneficial is to indicate the resource for sTTI operation within a subframe dynamically to avoid collision with legacy TTI scheduling. Depending on UE behavior in case of sDCI2 missing –sDCI1 dropping or fallback behavior is defined, the effectiveness and design of sDCI2 can be different. In case of sDCI1 dropping, main concern is the reliability as a UE can successfully decode sDCI1 only when it detects sDCI2 which requires high reliability for sDCI2. If the second approach is considered, to avoid any ambiguity, one possible case is to configure “full blind decoding candidate” as a fallback, and sDCI2 may restrict blind decoding candidates for UE power saving. With this, the flexibility offered by sDCI2 can be very limited. Also, in this case, the presence of sDCI2 is not essential. If the second approach of sDCI2 handling (i.e., sDCI2 is not essential for sDCI/PDSCH decoding) is considered, the whole contents of DCI needs to be carried out by sDCI1 where further optimization for UE blind detection reduction can be considered separately from DCI design.

For the question, the additional sDCI2 to allow UE BD reduction can be beneficial, yet, seems not essential. Thus, our preference is option 1.



		Samsung

		Option 1 is preferred.

For Option 2, the additional control overhead is needed. Also, introducing sDCI2 results in the additional average delay of 0.5 ms. Regarding the BD reduction, UE needs another BD for sDCI2 so that it cannot be easily said that sDCI2 will reduce BD numbers.



		ZTE, ZTE Microelectronics

		Option 1 is preferred to be the baseline,  and option 2 can be an optional choice on top of option1. Option 1 gives the best flexibility while option2 is good for BD reduction at cost of losing certain flexibility. For the scheduling purpose, we think the flexibility is one of the most important targets. So if option 2 should be adopted, it should be optional, i.e., in a sTTI not falling into the valid life-cycle of any detected sDCI2 (e.g., the valid life-cycle of one sDCI2 is one subframe), UE assumes the operations as in Option 1.  



		Ericsson

		Option 1. 

In all sTTI scheduling cases, a baseline configuration of sPDCCH search space is needed. Further refinement of the search space could be considered if necessary but such refinement may not be needed in every subframe. 



		Nokia +ASB

		An initial overall-search-space (OSS) is configured by higher-layers to all sTTI users and USS (a subset of overall-SS) is configured by higher-layers to a UE or implicitelly derived from the OSS. An eNB may, using a cell-specific/group-specific slow sDCI2, switch-off (for all UEs) some parts of the OSS and/or enable (for all UEs)  additions to OSS.  Therefore, Option 1 with possible dynamic refinement in sDCI2. 



		Motorola Mobility

		Depends on the number of configured sPDCCH-PRB sets. If the number of sets is not large, option 1 can be used. If the number is large e.g., to 

(a) utilize unused sPDCCH resources (PRB-sets) for sPDSCH 

(b) avoid blocking sPDCCH by PDSCH or other UEs sPDCCHs, 

sDCI2 can signal the sPDCCH-PRB sets to be monitored in sTTIs of a subframe. 



		Fraunhofer HHI

		From a flexibility standpoint option 2 is better than option 1, but comes at the cost of additional signaling in contrast to higher UE processing (BD) with option 1.

In case of two-level DCI, option 2 can be considered otherwise, option 1 is more feasible.



		Intel 

		Option 2 is preferred from our perspective to minimize the blind decoding attempts by indicating e.g. maximum aggration levels for a given UE like what we did for eCA WI. To avoid additional BDA due to sDCI2, the size of sDCI2 can be designed to be same size as one of legacy DCI format. Also, it can be conditionally transmitted to a group of UEs like DCI format 3/3A, to eliminate the problem of DL control overhead.  



		KT

		Option 1 is preferred for simple standardization effort. 



		CMCC

		See answer of Q4.









Question 4: which option is supported for indicating sPDCCH frequency resource? Please provide the reason(s) for your choice. 

· Option 1: sPDCCH frequency resource is configured by higher layer.

· Option 2: sPDCCH frequency resource is indicated by an sDCI transmitted in PDCCH region (sDCI2), among an sPDCCH frequency resource set configured by higher layer or predefined in the specification.

		Company

		Views



		Panasonic

		Our understanding is this question is redundant with question 3. Same as question 3, our view is it also depends on which sTTI scheduling scheme is assumed. In case of single DCI and two-level DCI variant 2 and 3, it is option 1.In case of two-level DCI variant 1, it is option 2.



		Huawei, HiSilicon

		We prefer option 2. It is beneficial to use an sDCI2 to further indicate the sPDCCH frequency resource, considering it can provide more flexibility on the multiplexing of different TTI lengths from the cell point of view (e.g. based on instantaneous traffic situation), and also can help further reduce sPDCCH blind decodes meanwhile avoid large sPDCCH blocking probability from UE point of view. If the frequency resource is only configured by higher layer, it may result in low resource utilization or more sPDCCH blind decodes or insufficient sPDCCH capacity.    



		CATT

		If two-level DCI is supported, option 2, otherwise option 1.

Note: The Q3 and Q4 are somehow coupled, the difference between sPDCCH search space and sPDCCH frequency resource needs to be clarified. 



		NTT DOCOMO

		Option 1, same reasons as Question 3.



		Qualcomm

		Similar to our view regarding Q3, option 1 where the sPDCCH frequency resources are indicated by higher layers is preferred.



		LGE

		As already noted in our view regarding question 3, our preference is option 1. We also consider question 4 is equivalent to question 3.



		Samsung

		Option1 is preferred with the same reason as Question 3. 



		ZTE, ZTE Microelectronics

		Same answer as ours for Question 3. 



		Ericsson

		Option 1. In all sTTI scheduling cases, a baseline configuration of sPDCCH search space is needed which includes the frequency resources for sPDCCH detection. Further refinement of the search space, e.g. in terms of frequency resources, could be considered if necessary but such refinement may not be needed in every subframe. 



		Nokia + ASB

		We assume that indication/configuration of sPDCCH search-space includes also information about frequency allocation.  



		Motorola Mobility

		sPDCCH frequency resource is determined by the UE as part of sPDCCH search space configuration (which is dicussed in Q3). We do not see need for additional indications.



		Fraunhofer HHI

		Same view as Q3. The difference between sPDCCH search space and sPDCCH frequency resource is unclear.



		Intel 

		Option 2. We assume the sDCI2 can possibly select one of the resource sets configured by high layers e.g. in case UE is configured with two sets of sPDCCH resources.  



		KT

		Option 1 is preferred byt the same rease as Questio 3



		CMCC

		[bookmark: _GoBack]The default sPDCCH frequency resource set where the sTTI UE to monitor sPDCCH can be configured by higher layer, and additional frequency resource sets can be indicated by sDCI2 to satisfy flexible change of sPDCCH capacity. If the search space can be splitted between the dynamic monitoring frequency resource set, such scheme provide a possibility to solve the blocking issue of longer TTI transmission on the configured sPDCCH.







Question5: whether an “activation/deactivation information of sDCI1 monitoring” is needed in sDCI2 transmitted in PDCCH region? Please provide the reason(s) for your choice.

		Company

		Views



		Panasonic

		We don’t see the need to include “activation/deactivation information of sDCI1 monitoring” in sDCI2. To design dynamic actiation/deactivation availability on sDCI1 monitoring may just save very small power in UE side especially considering DRX mechanism. In addition, we don’t understand why power consumption is so important/prioritized in sTTI session for now.

For variant 1 and 2, detection of DCI2 means activation and no detection means  deactivaton.  So additional indication is not necessary. 



		Huawei, HiSilicon

		Yes we feel “activation/deactivation information of sDCI1 monitoring” in sDCI2 could be considered since it can help save power consumption. 



		CATT

		Yes. We expect that more DL control channel blind decoding is required for a sTTI configured UE, compared with a legacy UE, due to additional sPDCCH monitoring. According to the traffic property and TCP state, it will be efficient from UE power consumption perspective if sTTI is only monitored when needed, e.g. when time critical traffic coming, or during TCP slow start. In other time durations, UE could skip the sTTI monitoring for power saving. If two-level DCI is supported, such activation/deactivation signaling is a cost efficient way (most likely only 1 bit in the DCI) to avoid unnecessary sTTI monitoring and save UE power. Note that such L1 acitvation/deactivation does not impact the existing DRX mechanism, it only applies for DRX-ON duration.



		NTT DOCOMO

		The information for sDCI1 monitoring is beneficial for UE power saving, while the activation/deactivation mechanism design needs to take following two factors into consideration. 

1. Signalling design should cover the case of carrier aggregation, e.g whether the activation/deactivation signalling is common to all CCs configured with sTTI operation or CC-specific.

2. Additional issue caused by UE miss detection of the ‘activation’ information.



		Qualcomm

		We agree that it is essential to consider ways to reduce UEs’ power consumption. However, we do not see a motivation for introducing a dynamic activation/deactivation mechanism. In particular, the sTTI traffic arrival times cannot be predicted. Hence, deactivating a UE for a duration of at least a subframe via sDCI2 could significantly increase latency. Further, this topic is particularly related to the DRX mechanism that will be adopted for the sTTI operation. Hence, it would be helpful to request from the RAN2 to initiate a discussion on this topic.  



		LGE

		It is questionable whether an “activation/deactivation information of sDCI1 monitoring” is beneficial since it is impossible to predict the arrival of low-latency (urgent) traffic from eNB side at the moment of sDCI2 transmission. In case eNB informs a UE of skipping of sDCI1 monitoring by such activation/deactivation information in a certain duration and the urgent traffic arrives at the middle of the time duration, then the eNB shall wait until the next available sDCI2 to indicate activation of sDCI1 monitoring, which induces scheduling latency. If finer or more often indication for activation/deactivation of  sDCI1 monitoring is to be supported, the signaling overhead of sDCI2 will be increased. In this sense, we do not think such the signaling of “activation/deactivation information of sDCI1 monitoring” is essential.



		Samsung

		We don’t see the moviation of activation/deactivation information of sDCI1 monitoring. Also, we don’t prefer to introduce sDCI2. Even though UE power consumption is an important issue, but it is not clear how much UE power consumption can be reduced by L1 signaling for activation/deactivation.



		ZTE, ZTE Microelectronics

		We share the similar view with DoCoMo. In addition, it seems RAN2 already specified some "activation/deactivation" mechanism within MAC-CE. So maybe we should firstly decide whether this feature should be discussed in RAN1 or RAN2. 



		Ericsson

		We are open to an activation/deactivation mechanism but this can be covered by a sTTI-specific DRX-like procedure as well, in which case this would fall under RAN2 responsibility. So, checking with RAN2 is something to do to avoid duplicate work.

An activation/deactivation mechanism may not be needed for all UEs. For instance, it is not recommended to apply an activation/deactivation mechanism for UEs with URLLC traffic. So, if sDCI2 is supported for sTTI, monitoring of sDCI2 should be configured over RRC.



		Nokia, ASB

		Activation/Deactivation does not make a lot of sense for sTTI UEs requiring high reliablity and low latency. For TCP slow-start UEs, where reliability is not critical, activation/deactivation support could be further studied, as adding up to 1ms and on everage 0.5ms to an overall file-delay is insignificant.  



		Motorola Mobility

		We do not see need for additional activation/deactivation signalling to turn on/off sPDCCH monitoring. Similar to comment from Qualcomm, we think DRX should also be discussed in the context of UE power savings mechanisms.



		Fraunhofer HHI

		Power consumption is a critical aspect to be considered. Our concern regarding the deactivation of sDCI1 monitoring is that this can significantly increase the latency of unexpected traffic. This should therefore be discussed together with DRX.



		Intel 

		We share the view that sDCI2 can be used to serve as “on-OFF” signal of sDCI1 monitoring to avoid unnecessary blind decoding attempts at UE side. This is of importance for rather small sTTI, e.g. 2-symbols sTTI with six monitoring sTTI instances within a single subframe.  



		KT

		Yes, we think that indication for activation/deactivation of sDCI1 monitoring is beneficial to reduce the DL control channel blind decoding and save the UE power consumption. But it should need further study to verify if it is valid for all the traffic property.



		CMCC

		As the low latency data arriving may be unpredicted, deactivation of sDCI monitoring at the starting of each subframe may be not practical.







Question 6: if your choice is option 2 for Q3/Q4, or “Y” for Q5, which option is supported for sDCI2 transmission?

· Option 1: sDCI2 is transmitted in every DL subframe.

· Option 2: sDCI2 is transmited periodically in every X DL subframe(s), where the value of X (X>=1) can be configured by higher layer.

· Option3: In which DL subframe sDCI2 is transmitted is determined by eNB, while the UE blindly detects sDCI2 in every PDCCH in non-DRX subframes.

· Option 4: UE blindly detects sDCI2 in PDCCH every X subframe where the subframe is meanwhile non-DRX subframe and X (X>=1) can be configured by higher layer. Whether the sDCI2 is indeed transmitted in the subframe when the UE blindly detects is determined by eNB.  

		Company

		Views



		Panasonic

		We are not sure the meaning “aperiodically” in option 3. We modified option 3 based on our understanding above. In such modification, in case of two-level DCI variant 1, our view is option 3. 

 



		Huawei, HiSilicon

		We slightly prefer option 1 but also ok with option 2. Transmitting sDCI2 in every subframe for downlink transmission can maximum the benefits brought by sDCI2, since it can adjust the search space and/or frequency resource for sPDCCH in a more frequent way. 



		CATT 

		Option 3. The slow DCI, i.e. sDCI 2 is transmitted only when needed, i.e. when some of the information provided by sDCI 2 previously is to be updated.  The option 1 and 2 will increase the control overhead and PDCCH congestion. 



		NTT DOCOMO

		Option 3 is preferred, but we are also OK with option 2.



		Qualcomm

		Option 3 is preferred. As mentioned earlier, sDCI2 only carries the slowly-varying information, and is only updated when it is needed. As opposed to options 1 and 2, option 3 aims at reducing the sTTI scheduling overhead.

Note: Our preferred choice is not option 2 in Q3 and Q4, nor it is “Y” in Q5. However, since in our view, an sDCI2 conveys complementary scheduling information, we believe that our response to Q6-9 could clarify our position.



		LGE

		We prefer the single-level DCI scheduling. If two-level DCI scheduling is supported, our preference is option 2.



		Samsung

		We prefer not to have sDCI2. 

Briefly speacking, our concern is high control overhead in Option 1 and additional delay in Option 2, respectively. Regarding Option 3, it seems to have same UE behavior as Option 1.



		ZTE, ZTE Microelectronics

		We prefer to a different option (namely Option 4 above). It provides additional overhead reduction on top of Option 2 and additional UE power saving on top of Option 3. 

To be noted, from UE behavior point of view, there seems no much difference between Option 1 and Option 3, and no much difference between Option 2 and Option 4. 



		Ericsson

		Option 3, if sDCI2 is configured for a UE.



		Nokia +ASB

		Option 3: slow sDCI2 is transmitted on demand.



		Motorola Mobility

		Note: As indicated in Q3 we think whether sDCI2 is needed should be determined based on how sPDCCH monitoring sets are defined.

If sDCI2 is used, sDCI2 received in a particular subframe should be applicable to only that subframe. UE monitors sDCI1 using a default sPDCCH monitoring set even it does not detect sDCI2 in a subframe.



		Fraunhofer HHI

		The periodic transmission in option 1 and 2 might add unnecessary control overhead. Therefore we prefer option 3.



		Intel

		Option 3. 



		KT

		Basically, we prefer Option 3. 



		CMCC

		Option1 and option3 are both OK, mainly depending on the information carried on sDCI2.









Question 7: if your choice is option 2 for Q3/Q4, or “Y” for Q5, please provide your view on the UE behavior if the UE does not detect sDCI2, e.g. the sDCI2 is missed.



		Company

		Views



		Panasonic

		We think if UE has not detected sDCI2, then UE will also not detect sDCI1.



		Huawei, HiSilicon

		In our opinion, there are possible two cases in which sDCI2 is not detected.

Case1: sDCI2 is not transmitted due to blocking in the legacy PDCCH region

Case2: sDCI2 is transmitted, but missed by UE.

In both cases, the UE will detect sDCI1 based on the sPDCCH search space set and/or frequency resource set configured by higher layer or predefined in the specification. 

At least in case 1, it is beneficial that sDCI1 is still transmitted and detected by UE from the latency point of view.    



		CATT

		If sDCI 2 is configured but not detected, UE should still be able to detect sDCI 1. Therefore sDCI 1 should have full set of scheduling information for sPDSCH/sPUSCH. UE follows the latest applicable sDCI2 information for sTTI operation.



		NTT DOCOMO

		Based on Question 6, if option 1 that sDCI2 is transmitted in every DL subframe or option 2 that sDCI2 is transmited periodically in every X DL subframe(s) is supported, UE can know the sDCI2 is missed when it does not detect the sDCI2 at the expected occasion. If option 3 that sDCI is transmitted on demand, UE cannot know the sDCI2 is missed. Regardless of whether UE knows the sDCI2 is missed, UE should be able to detect sDCI1.



		Qualcomm

		In the event that sDCI2 is either not sent or missed at a UE, the UE should rely on the latest detected sDCI2. 

Although a typical error rate of control signal decoding is 1%, for sDCI2, it can be reduced by implementation in order to improve the miss detection probably to a lower value, e.g., <1%. This can be done, e.g., via using a higher aggregation level or performing power boosting. In other words, the reliability issue associated with sDCI2, if any, can be handled via implementation. 





		LGE

		As discussed in Q3, two behaviors/assumptions are possible. As an optional feature to assist UE BD reduction, fallback behavior (e.g., monitor semi-statically configured sPDCCH search space) seems more aligned.



		Samsung

		In our view, if a UE misses to detect sDCI2, the UE should miss sDCI1. 

If specification and pre-configuration are used for the case that sDCI2 is missed, there may be mismatch between information the UE is aware of and information the eNB is aware of.



		ZTE, ZTE Microelectronics

		From UE perspective, in a sTTI not falling into the valid life-cycle of any detected sDCI2(e.g., the valid life-cycle of one sDCI2 is one subframe), UE detects the sDCI1 according to the RRC configuration, which should give the super-set of sDCI2.  



		Ericsson

		If sDCI2 is configured for a UE, the default UE behavior in case of a missed detection of sDCI2 in a subframe is a good question, especially if sDCI2 includes activation/deactivation command and if the eNB sends sDCI2 only when needed, i.e. not in every subframe. 

If the default UE behavior in case of a missed detection of sDCI2 in a subframe is to monitor sDCI1 anyway, what happens if the eNB does not send a deactivation command in a given subframe? My understanding is that the UE will interpret this as a missed detection and it will monitor sDCI1. So, no power saving is achieved unless the eNB sends a deactivation command in every subframe. This induces unnecessary load on PDCCH.

Consequently, the default behavior of the UE in case it misses sDCI2 should be not to monitor sDCI1.



		Nokia + ASB

		An eNB should have an option to operate an sTTI UEs comletely independent of sDCI2. For UEs that would be dependent on sDCI2, failure in receiving sDCI2 should not result in automatic failure in decoding of sPDSCH or sPUSCH. In other words, when designing sDCI2, the impact of  missed  sDCI2 on sPDSCH/sPUSCH decoding should be minimized.



		Motorola Mobility

		Note: As indicated in Q3 we think whether sDCI2 is needed should be determined based on how sPDCCH monitoring sets are defined.

UE monitors sDCI1 using a default sPDCCH monitoring set even it does not detect sDCI2 in a subframe.



		Fraunhofer HHI

		This relates to Q6: A missed detection is treated the same way as if it was not sent. So the UE relies on the last detected sDCI2.



		Intel

		UE blindly detects all the sPDCCH resource sets and candidates. 



		KT

		In our view, if UE misses sDCI2, it is assumed that the UE also do not detect sDCI1. In this case, it may be one solution to use/reload the previous sDCI2.



		CMCC

		In our view, as default sPDCCH monitoring set are configured by higher layers, if the UE faild to decode sDCI2, it can still attempt to detect sDCI1 in the default monitoring set.







Question 8: if your choice is option 2 for Q3/Q4, or “Y” for Q5, is sDCI2 UE-specific, group-specific or cell-specific? 



		Company

		Views



		Panasonic

		We prefer group-specific sDCI2. Which UEs are grouped could be RRC configured.



		Huawei, HiSilicon

		We prefer that sDCI2 is either group-specific or cell-specific, because UE-specific way may increase control overhead significantly. For group-specific way, it can maximum the benefits by sDCI2. For cell-specific way, it may simplify search space design in legacy PDCCH region, e.g. sDCI2 can just be transmitted in common search space. 

In our understanding, group-specific or cell-specific means that sDCI2 is intended for a group of UE or all UEs, thus even sDCI2 is group-specific or cell-specific, some UE-specific information (e.g TPC command) included in sDCI2 can be considered using similar way as DCI format 3/3A. 



		CATT

		sDCI2 is UE specific. sDCI 2 should not be a mandatory for sTTI operation and if not configured, UE monitors sDCI 1 only for scheduling grant. The control overhead is not a big issue since the sDCI 2 will only be transmitted when necessary. 



		NTT DOCOMO

		We prefer group-specific or cell-specific sDCI2.



		Qualcomm

		sDCI2 is sent in a UE-specific manner. Since sDCI2 is only sent infrequently, it does not increase the control overhead.

A cell-specific sDCI2 should be detected by all UEs within the coverage area. Hence, it has to be dimensioned based on the worst-case scenario. As an example, only the maximum aggregation level can be used. As a result, a cell-specific sDCI2 increases the control overhead.

Assuming a group-specific sDCI2 is adopted, in addition to the downside mentioned above, forming the UE groups itself could complicate the control transmission procedure.



		LGE

		If two-level DCI scheduling is supported, sDCI2 shall be cell-specific or group-specific.



		Samsung

		In our view, cell-specific sDCI2 does not help BD reduction while UE-specific sDCI2 will increase control overhead.



		ZTE, ZTE Microelectronics

		Our preference is to have the UE-specific sDCI2 if it is indeed needed, because 

a). If sDCI2 is cell specific and represents a subset of RRC configuration, it means we use RRC to send cell-specific information, which seems a waste. 

b). Group specific sDCI mechanism may introduce another eNB management logic about the "group", which increases the eNB complexity for the unjustified benefit. 

c). For a cell-specific or group-specific sDCI2 in PDCCH region, it can be difficult to make it to have the same length (by padding for BD reduction purpose) as that of legacy DCI format 0/1A, which is UE-specific. 

d). The cell-specific or group-specific sDCI2 needs to be in CSS, which can result in a cell-wise or group-wise blocking.

e). If sDCI2 is cell-specifc or group-specific, its capability to fine-tune the sPDCCH detection (e.g., UE-specific search space) would be limited.   



		Ericsson

		UEs do not monitor common search space on Scells. If sTTI is configured for a Scell, a group-specific sDCI2 needs to be sent over CSS of the Pcell. A solution based on group-specific sDCI2 is not realizable for many carriers due to limited space in CSS.  

If sDCI2 is supported for sTTI, UE specific sDCI2 is more appropriate. To limit the overhead sDCI2 is only sent when needed, i.e. not in every subframe.



		Nokia+ASB

		Cell-specific sDCI2, i.e. one sDCI2 per carrier (if needed). UEs can be configured to monitor sDCI2. The sDCI2 can be restricted to a pre-defined candidate in CSS within a component-carrier.



		Motorola Mobility

		If sDCI2 is used, UE should be configured with a separate RNTI for sDCI2 monitroing, whether RNTI is used in a UE-specific or group specific manner is up to eNB implementation. 



		Fraunhofer HHI

		We prefer group-specific and UE-specific. Cell-specific has to be dimensioned for the worst-case UE which leads to high aggregation levels.



		Intel

		We prefer Cell-specific or group-specific to minimize the control overhead. Especially, aggregation level restriction can be considered as a result of tradeoff between performance and overehead. 



		KT

		We think sDCI2 is cell-specific or group-specific.



		CMCC

		Group specific or cell specific.







Question 9: if your choice is option 2 for Q3/Q4, or “Y” for Q5, please provide the possible content of the Sdci2. Spdcch search space and/or frequency resource, and/or “activation/deactivation information of Sdci1 monitoring” can be part or all contents of Sdci2.



		Company

		Views



		Panasonic

		In case of two-level DCI variant 1, Sdci2 includes at least group common resource block assignment /RV and UE specific TPC command/SRS request CSI request.



		Huawei, HiSilicon

		In our opinon, an Sdci2 would include at least the following information:    

· Spdcch search space to be monitored, e.g. the aggregation level and/or the corresponding Spdcch candidate 

· Spdcch frequency resource, e.g. the PRB set(s) to be monitored for Spdcch 

A field to differentiate Sdci2 and some legacy DCI format(s) (e.g. DCI format 0/1A) can also be considered if Sdci2 is transmitted in CSS and its payload size is the same as some legacy DCI format(s) for blind detection reduction. In addition, UE-specific TPC command included in Sdci2 using similar way as DCI format 3/3A can be considered also.      



		CATT

		Sdci 2 could include the information on Spdcch search space (frequency resource, aggregation levels, etc) as well as the activation/deactivation for Stti monitoring. More control information can be considered if beneficial. 



		NTT DOCOMO

		Non UE-specific scheduling information is contained in Sdci2 like Stti monitoring information.



		Qualcomm

		Sdci2 could include the following information fields:

· Base MCS

· Precoding Information

· TPC

· Sdci1 Aggregation Level

· DMRS cyclic shift resource for uplink

Additionally, if the Sdci2 payload size is identical to those of the legacy DCI formats in order to reduce the number of blind decodes, an indicator bit can be included to distinguish between the legacy and the Stti control information.



		LGE

		The information on time/frequency resource for Sdci1 to be monitored can be included in Sdci2.



		ZTE, ZTE Microelectronics

		Possible content of Sdci2 could include Spdcch frequency resource (e.g., in terms of PRB sets), aggregation level(s) and candidates. Other information that are helpful to improve Spdcch decoding complexity and/or performance should also be considered.  



		Ericsson

		If supported, Sdci2 includes:

· information refining the Spdcch search space, e.g. selecting a subset of RRC configured Spdcch candidates. It could be a subset of frequency resources, aggregation level, etc. the details depend on how the Spdcch search space will be defined.

· activation/deactivation if RAN2 does not specifiy something similar already



		Nokia + ASB

		Sdci2 could include the following information: resource allocation of legacy PDSCH(s) in the subframe, modifications to the overall search-space which was pre-configured by higher layers,  activation/deactivation (if supported).



		Motorola Mobility

		If Sdci2 is used, Sdci2 in a subframe indicates the Spddch-PRB-sets to be monitored by the UE in the sTTIs of the subframe.



		Fraunhofer HHI

		Sdci2 could contain semi static control information which can be UE or group specific.



		Intel 

		We are supportive for these information in sDCI2 to reduce power consumption of sTTI operations including aggregation level, resourece sets selection, and on-off indication.  



		KT

		In ouore view, at least monitoring information should be included in sDCI contents.(i.e. time/frequency resource, aggregation level)



		CMCC

		At least information of frequency resource sets to monitor sPDCCH shall be included in the sDCI2.







Question 10: are there any other considerations you would like to share?



		Company

		Views



		Panasonic

		In our view which Stti length supports which DCI is quite important and should be clarified. We don’t think it makes sense to support two-level DCI for slot-level Stti length. On the other hand, to reduce standardization efforts and save DCI overhead, two-level DCI may be suffificent for 2 symbol Stti. Therefore, we propose following

- Only single DCI is used for slot-level Stti.

- Only two-level DCI is used for 2 symbol Stti



		Huawei, HiSilicon

		Based on our thinking to the above 9 questions, we think Sdci2 is beneficial for Stti scheduling, thus it should be supported at least for 2-symbol Stti, and we slightly prefer that it is supported for 1-slot Stti also considering unified Stti scheduling scheme can simply the specification and implementation.

Besides the above questions, one thing we think related to Stti scheduling is whether Sdci1 can be transmitted in the symbol(s) after PDCCH region within Stti 0 when the starting symbol index of the first potential Spdsch is 1. In our understanding, it should at least allow Sdci1 to be transmitted in PDCCH region, which can avoid unnecessary Spdcch overhead when the PDCCH region is sufficient for both DCI and Sdci transmission.     



		CATT

		Single-level scheduling should be supported for Stti operation. In addition, two-level scheduling can be supported as well. 

In two-level scheduling case, fast DCI (i.e. DCI 1) contains full set of control information for Spdsch/Spusch scheduling, while the slow DCI (i.e. DCI 2) contains complementary information. 

DCI 1, DCI 2 and legacy DCI can possibly be transmitted in the legacy PDCCH region. It is suggested that UE blind decoding in legacy PDCCH region is not increased when monitoring all these DCI formats. Therefore, it is proposed that the payload size of DCI 1, DCI 2 should be kept the same as one of the legacy DCI format that UE needs to monitor (e.g. DCI format 0/1A), bit padding may be used.



		Qualcomm

		A proper design of a 2-stage scheduling scheme is expected to reduce the control overhead incurred especially in a 2-symbol Stti operation. Thus, such an approach can be considered at least for the 2-symbol Stti scheduling.

Under the 1-slot operation, although the control overhead is not as significant compared to the 2-symbol operation, adopting a common design for both modes of operations is preferred. 

On a separate note, when CFI value is 1, there is a possibility to include Sdci1 associated with the 2-symbol Stti0 either within the PDCCH region or within the Spdcch region of Stti0. In order to guarantee that the decoding delays of all 2-symbol sTTIs within the subframe follow the same timeline, we believe that Sdci1 of Stti0 should be placed within the Spdcch region by specification.    



		LGE

		When Sdci2 can be effective needs to be clarified. For example, if Sdci2 is transmitted over legacy PDCCH region, it may be effective from the first Stti in the subframe or there should be a gap between transmission and effective timings of Sdci2. If fallback approach is used, it can be up to UE implementation. Otherwise, Sdci2 decoding latency needs to be considered. 

When Sdci2 is used, resource allocation for Spdsch needs to be clarified as well. Our general preference is to assume that DCI contents should not be affected regardless of Sdci2. 



		Samsung

		Single-level scheduling is preferred, i.e., scheduling without Sdci2. 

There are many options for two-level scheduling. It seems that those options cannot be simply categorized as “two-level scheduling.” So, for proper discussion on whether two-level scheduling is supported, how Sdci2 works (e.g. Sdci2 is either common or UE specific/ Sdci2 is transmitted in every subframe or not) is determined. Without that discussion of tw-level scheduling, we cannot simply tell pros/cons of two-level scheduling because different Sdci2 options make totally different procedures. For example, UE/group-specific Sdci2 cannot help control overhead reduction while common Sdci2 cannot reduce UE BD numbers. Also, two-level Sdci with Sdci2 brings additional delay.



		Ericsson

		Single-level scheduling should be supported for Stti operation. In addition, two-level scheduling can be supported as well. Whether single-level scheduling or two-level DCI scheduling applies can be RRC configured by the Enb.





		Nokia + ASB

		Single Sdci2 contains information related to at least 2OS Stti. Whether information related to 7OS Stti is included is for further study. Sdci2 format (and possibly also candidate location) can be configured by higher-layers to a UE. 



		Fraunhofer HHI

		We think that a two stage DCI is beneficial for 2 OS Stti as it is expected to reduce the additional control overhead. For 1-slot operation a single DCI could be considered if no benefits of a two stage solution are shown.



		Intel 

		We think both these two options, single DCI and two-stage DCI formats, can be benefitial in different use cases. Support both of them and leaving it to eNB scheduler provides the required flexibility to maximize the sTTI throughput and benefits. In short, it is preferred to support both of them and can be configured by NW for different UEs.  
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