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1. Introduction
In the RAN1 meeting #88, companies agreed on the following aspects related to sTTI scheduling:
· An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1
· sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH
· Legacy DCI content is the starting point for sDCI1
· Reduce payload size of sDCI1
· Increase the granularity of resource block assignment 
· FFS the applicability and granularity for each resource allocation type
· FFS: Jointly indicate some of the information
· FFS: which DCI fields to remove from the legacy DCI
· Other methods to decrease the sDCI1 size are not precluded
· FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling 
· sDCI1 scheduling a single sPUSCH/sPDSCH is the baseline.
· Support of sDCI1 scheduling multiple sPUSCH/sPDSCH is for FFS;
· Multiple subframe scheduling for eLAA can be the starting point
· If sDCI2 is supported, 
· The eNB configures one of the sTTI scheduling methods to a UE by RRC signaling:
· Single level scheduling: UE monitors sDCI1 in every sTTI.
· Two-level scheduling: UE monitors sDCI1 in every sTTI and sDCI2 in legacy PDCCH region.
· The candidates include the following information
· Aggregation level and/or candidates of sDCI1;
· PRB set to sDCI1 monitoring;
· Activation/deactivation information of sDCI1 monitoring 
· TPC command
· Note: Other candidates are not precluded

At RAN1#90, the related sTTI specific mapping of sDCI1 to either sPDCCH or PDCCH has been agreed. Moreover, the RAN1 email discussion [1] [90-05] Email discussion on DCI formats for sTTI requested input by different companies on the DCI details. 
In this contribution, we do not repeat all the input given to the email discussion in [90-05] [1], but try to focus on specific things to be highlighted in terms of sPUSCH and sPDSCH scheduling. In section 2 we focus on sDCI scheduling details (the main focus of [90-05], whereas overall scheduling operation enhancements including two-stage and multi-sTTI scheduling are discussed in Section 3 and 4 respectively. 

2. On sDCI1 / general scheduling details   
In this section, we focus on the main points discussed also in the email discussion [90-5] [1], but try to point the most important aspects from our point of view and are not repeating all our input given to [90-05].
2.1. Alignment of sDCI sizes 
At RAN1#90 we agreed to support a maximum of 6 BDs for subslot sTTI and 12 BDs for slot sTTI operation. Considering, that these BD numbers need to support different sPDCCH candidates (having potentially different ALs) as well as sPDSCH & sPUSCH scheduling (sPDSCH assignments and sPUSCH grants), we think that especially for the case of subslot sTTI operation the UE should only be required to monitor for a single sDCI size within an sTTI. 
The differentiation between different sDCI formats could be simply done by some ‘DCI format indication’ flag, similarly as done for DCI format 0/1A. The sDCI size for monitoring within an sTTI would be given by the largest configured sDCI format before zero padding. 
Therefore, we propose:
Proposal 1: The UE is required to only monitor for a single sDCI size within a DL sTTI. 
· The differentiation of the different sDCI formats is done by some type of ’sDCI format indication’ flag. Details are FFS.
· The sDCI size for monitoring is given by the largest configured sDCI format in an sTTI.
[bookmark: _Hlk494200366]
2.2. sPDSCH scheduling specifics
Based on the email discussions in [90-5] [1], there seems to be rather broad consensus on the following needed changes to the existing PDSCH assignment formats: 
· There seems to be some consensus on the needed new content of sPDSCH assignments, including DM-RS presence field (1bits, for DM-RS TMs only), ARI (2bit) as well as sPDCCH resource re-use information. 
· Moreover, there seems to be further common understanding between the companies that some changes in the field size /and or interpretation for sPDSCH assignments will be needed in terms of resource allocation signaling (depending on supported RA Types & granularity), 4bit HARQ-ID. 
· There seems to be also common agreement that certain current fields will not be required in sPDSCH assignments, including CIF, second CW related information (MCS, NDI, RV), SRS request, MUST related signaling, aperiodic CSI-RS related fields. 
We therefore, are not further discussing these issues in here any further, but expect discussions based on the summary of the email discussion [90-5].
One issue that was more controversial was the support of a DL fallback mode and how to signal this. First of all, we think that the fallback mode should also be supported for sPDSCH. Based on the proposal in section 1 to align all the sDCI sizes, the fallback operation is to be enabled by a ‘Fallback differentiation’ flag in the sPDSCH related sDCI formats. 
Proposal 2: Fallback and TM-dependent transmission scheme is supported. The sDCI sizes are aligned and differentiated by some type of ‘sPDSCH fallback’ flag. Details are FFS.

On top of these discussions, we would like to high-light here one specific issue on sPDSCH scheduling, namely the support of at least subframe type dependent transmission scheme/mode (CRS- vs. DMRS based) operation, which we also handle in detail in [3]. The motivation to enable this, is to be able to take advantage of the lower RS overhead of CRS-based TM in non-MBSFN subframes whereas in MBSFN subframes DMRS-based TM would be required. More details on the operation is contained in the sPDSCH design discussions in [3] – here we mainly focus on the needed scheduling operation to support this.
The basic idea would be to configure the different mode for different subframes types (MBSFN / non-MBSFN) which means the UE within a single sTTI would only expect sDCI scheduling either CRS or DM-RS based sPDSCH (but not both) – meaning neither the DL control complexity nor the sDCI sizes would be increased. 
Proposal 3: Enable subframe-type dependent CRS or DMRS based sPDSCH operation, by monitoring for sDCI formats scheduling CRS based sPDSCH in non-MBSFN subframes and monitoring for sDCI formats scheduling DMRS-based sPDSCH in MBSFN subframes.     

2.3. sPUSCH scheduling specifics
Based on the email discussions in [90-5] [1], there seems to be rather broad consensus on the following needed changes to the existing PUSCH grant formats: 
· There seems to be some generic agreement on the needed new content of sPUSCH grants, including subslot layout / DM-RS position indication (2bits, for subslot sPUSCH only), 4bit HARQ-ID, 2bit RV. 
· Moreover, there seems to be further common understanding between the companies that some changes in the field size /and or interpretation for sPUSCH grants will be needed in terms of DMRS details (CS / OCC / IFDMA) and resource allocation signaling (incl. RA type).
· There seems to be also common agreement that certain current fields will not be required in sPUSCH grants, including CIF, FH flag (for Format 0) and SRS request. 
We therefore, are not further discussing these issues in here any further, but expect discussions based on the summary of the email discussion [90-5]. 
The more open issues are related to single CW support for sPUSCH TM2 (MCS, NDI, RV for the second CW), the need for support of A-CSI request and potential changes to DAI (depending on the final slot-based FS2 design). 
These issues are mainly dependent on decisions in other AIs, but just from the impact on the sDCI size, we would like to propose here also to support only single CW sPUSCH transmission to keep the sPUSCH UL grant sizes as small as possible. 
Proposal 4: In order to reduce the sDCI size for sPUSCH TM2 grants, a single codeword is used for sPUSCH independent on the number of layers.  
· Remove the respective MCS, NDI fields for the second CW from Format 4.

One slightly controversial point in the sPUSCH scheduling discussions in [1] has been related to the UL TM1 fallback operation handled in Question 4 of [90-5]. We think that single TX fallback also for 1-layer sPUSCH transmission a single antenna port transmission using full power should be allowed (for 2TX only half power possible, with the 4TX codebook only 2 out of 4 antennas with half total power can be scheduled). 
If this is to be implemented by also monitoring for sPUSCH Format 0 (e.g. using fallback flag in the sDCI, assuming aligning the sDCI sizes as in proposal 1) or by including one TMPI state for single antenna TX can be further discussed. 
Proposal 5: Support fallback type of UL TM1 sPUSCH transmission also for UEs configured for UL TM2. 
· If this is enabled by monitoring sPUSCH Format 0 in addition (i.e. using a fallback flag) or include a related single antenna port state to sPUSCH Format 4 is FFS.

3. Two stage scheduling   
In the RAN1#88 agreed that single-stage scheduling is the baseline operation, as the sDCI1 contains all the information required to decode sPDSCH or transmit sPUSCH transmission. But two-stage scheduling (i.e. sDCI2) can be still considered to optimize the sTTI scheduling procedure. 

During the past RAN1 meetings, the two-stage scheduling approach was not discussed and there seems to be decreasing interest to support this feature as part of this work item. Although, we are a proponent of the two-stage scheduling enhancement, we acknowledge the fact that this is not the top priority for the WI completion and several decisions would be required to enable such operation.
Considering that there are plenty of other open (and important) issues still missing on the sTTI operation overall, we think that the time in RAN1 meetings would be better used to finalize other pending issues here. In order to complete this WI in time, we therefore suggest RAN1 to focus on other important or less contentious issues. 

Proposal 6: RAN1 to conclude to not specify two-stage scheduling as part of this work item and focus on more important sTTI aspects to complete the WI in time.   

In case RAN1 would still specify two-stage scheduling, our related discussions and related proposals can be found in Appendix A. Please note, that the description, observations and proposals in Appendix A are very much aligned with our earlier related contributions (such as of [2]).  

4. Multi-sTTI scheduling
The multi-sTTI scheduling has not received too much attention in RAN1 lately, as is also visible by the email discussion [90-5] [1]. Our earlier input to the multi-sTTI scheduling discussion e.g. in [2], which for easy referencing we include in Appendix B, concluded that multi-sTTI scheduling should only support subslot sPUSCH operation, but the advantages for subslot sPDSCH as well as slot-level sTTI operation overall are rather limited. 

Similarly, as for the two-stage scheduling in the previous section, also multi-sTTI scheduling with its limited applicability is not essential for the sTTI operation overall and therefore, might be deprioritized in order to complete the necessary sTTI features in time. Specifically, as there are plenty of open issues still for single sTTI scheduling – which would be even more complicated in case of multi-sTTI scheduling (such as UL DM-RS indication, common vs. separate fields, etc.). 

Proposal 7: RAN1 to conclude to not specify multi-sTTI scheduling as part of this work item and focus on more important sTTI aspects to complete the WI in time.   

In case RAN1 continues the discussion on multi-sTTI scheduling with the intend to specify it as part of this WI, our related specific proposals discussions and related proposals can be found in Appendix B. Please note, that the description, observations and proposals in Appendix B are very much aligned with our earlier related contributions (such as of [2]).  

5. Summary
Based on the discussion focusing only on certain aspects on top of the email discussion [90-5], the following proposals are made:
Proposal 1: The UE is required to only monitor for a single sDCI size within a DL sTTI. 
· The differentiation of the different sDCI formats is done by some type of ’sDCI format indication’ flag. Details are FFS.
· The sDCI size for monitoring is given by the largest configured sDCI format in an sTTI.
Proposal 2: Fallback and TM-dependent transmission scheme is supported. The sDCI sizes are aligned and differentiated by some type of ‘sPDSCH fallback’ flag. Details are FFS.
Proposal 3: Enable subframe-type dependent CRS or DMRS based sPDSCH operation, by monitoring for sDCI formats scheduling CRS based sPDSCH in non-MBSFN subframes and monitoring for sDCI formats scheduling DMRS-based sPDSCH in MBSFN subframes.     
Proposal 4: In order to reduce the sDCI size for sPUSCH TM2 grants, a single codeword is used for sPUSCH independent on the number of layers.  
· Remove the respective MCS, NDI fields for the second CW from Format 4.
[bookmark: _Hlk494386230]Proposal 5: Support fallback type of UL TM1 sPUSCH transmission also for UEs configured for UL TM2. 
· If this is enabled by monitoring sPUSCH Format 0 in addition (i.e. using a fallback flag) or include a related single antenna port state to sPUSCH Format 4 is FFS.
Proposal 6: RAN1 to conclude to not specify two-stage scheduling as part of this work item and focus on more important sTTI aspects to complete the WI in time.   
Proposal 7: RAN1 to conclude to not specify multi-sTTI scheduling as part of this work item and focus on more important sTTI aspects to complete the WI in time.   
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Appendix A: Details of Two-stage / sDCI2 operation  
While single-stage DCI is the baseline scheduling mode, it is not the best solution for traffic where reliability is not the main KPI. It was agreed in RAN1#88 to increase the resource allocation granularity for sPDSCH scheduling, which may significantly reduce the sDCI payload. On the other hand, the unequal resource allocation granularity of PDSCH and sPDSCH results in PDSCH and sPDSCH resource allocation collisions. With single-stage DCI, the collisions can be avoided only by sPDSCH/PDSCH multiplexing restrictions that would greatly reduce the efficiency. 
Observation-A1: Increased resource allocation granularity of sPDSCH compared to PDSCH may result in sPDSCH and PDSCH resource allocation collisions.
These sPDSCH and PDSCH resource allocation collisions could be avoided if sTTI UE would be informed by sDCI2 about the PDSCH allocation within the DL subframe. In addition, the sDCI2 could enable dynamic reduction to overall higher-layer configured sPDCCH resource. Therefore, we think that sDCI2 could be further considered. 

Efficient handling of sPDSCH and PDSCH collisions

Figure A1 shows an example, where we assume an increased resource allocation granularity for subslot sTTI of 12 PRBs, i.e. 4 subbands (SB#1 to SB#4) can be independently scheduled for subslot sPDSCH. In this example, we assume that 3PRBs in SB#1 have been scheduled to PDSCH (using legacy 3PRB granularity) and afterwards the eNB schedules by sDCI1 in sTTI-2 a subslot sPDSCH (using increased 12PRB granularity) in subbands SB#1 and SB#2. Because of the high sPDSCH scheduling granularity of subslot sPDSCH, the scheduler cannot avoid collision with PDSCH in SB#1. 



Figure A1 An example of two-level control operation assuming 

There are two options for handling the collision: 
· Option1-puncturing: sPDSCH is puncturing PDSCH if sPDSCH traffic is of low-latency and high-reliability. In this case the UE should follow the content in sDCI1, i.e. ignore the content of sDCI2. The PDSCH is obviously hurt.
· Option2-puncturing: PDSCH is puncturing sPDSCH if traffic is of low-latency and not reliability critical, such as MBB traffic. The multiplexing (handling of collisions) could be improved, if sDCI2 would inform sTTI UE about the PDSCH allocation within the subframe, the collision could be solved without significant impact on PDSCH and sPDSCH. 
Therefore, we propose that a sTTI UE, higher-layer configured to follow sDCI2, receives a dynamic indication in sDCI1. This indication determines whether the sTTI UE shall take sDCI2 content on the legacy PDSCH allocation into account when receiving a sPDSCH, i.e. whether eNB transmits the sPDSCH according to Option1-puncturing or Option 2-puncturing. In any case, the TBS is determined based on RA indicated in sDCI1.
Proposal-A1: An sTTI UE, higher-layer configured to follow sDCI2, receives a dynamic indication in sDCI1. This indication determines if the UE shall take the PDSCH resource allocation in sDCI2 into account when receiving sPDSCH. 

Reduction to the higher-layer configured sPDCCH resource and search space

As discussed before, we propose that in addition to two sPDCCH RB sets containing UE’s sPDCCH search space, up to four sPDCCH RB sets not being part of the UE’s search-space can be configured. A sPDCCH resource set can be 1-2 OS long for 2OS sTTI and 1-3OS long for slot-based sTTI.

As a consequence of the above configuration, each sTTI UE knows about overall sPDCCH resources within a DL subframe. Therefore, an eNB may assign for each sPDCCH resource set an individual ID. Building on this pre-requisite, a sDCI2 could contain a bitmap addressing the individual IDs of the overall sPDCCH resources. This has three-fold benefit. Firstly, shutting off a part of UE’s search-space may result in reduction in blind decodes UE has to perform. Secondly, shutting off the complete UE’s search-space results in full sTTI deactivation of the UE within the subframe. Thirdly, signaling of unused control resources to be used for sPDSCH becomes more efficient. 

Observation-A2: An eNB may disable the higher-layer preconfigured sPDCCH RB sets using a bitmap in sDCI2 within the DL subframe. 

Observation-A3: Activation/Deactivation signaling is unnecessary, because eNB can achieve deactivation by shutting off the UE’s entire sPDCCH resource. 

As discussed above, the UE’s search may be already reduced by disabling particular RB sets. However, if such a disabling granularity is deemed too course, the reduction of search space to a certain percentage value can be further considered. To summarize the above discussion, the operation of two-stage DCI according to our view is shown in Figure A1 and we propose:

Proposal-A2: The sDCI2 (if supported) contains at least information about frequency resource excluded from sTTI use (e.g. PDSCH resource allocation) within the DL subframe, where sDCI2 is transmitted, and reductions to overall sPDCCH resource and/or search-space within the same DL subframe.

On the transmission details of sDCI2 

The sDCI2 is common to all users operating in two-stage scheduling mode and transmitted on demand in CSS of each component-carrier. This involves a slight change to legacy CA behavior, as a UE capable of sTTI, would be required to follow common search-space in each component carrier or alternatively only a single predefined CSS candidate. Note that CSS in LTE is always present at each component carrier. The advantage of common sDCI2 with respect to user-specific sDCI2, is the significantly reduced overhead compared to user-specific sDCI2. Therefore, common sDCI2 can be transmitted every subframe and would be valid for a subframe where it was transmitted. Contrary, the user-specific sDCI2 would need to be transmitted very seldom, otherwise the PDCCH would get congested. The scarce transmission of sDCI2 would significantly prolong the activation of deactivated UE. For example, if a UE misses activating sDCI2 it would not be able to receive sTTI traffic until eNB realizes that no ACK/NACK or sPUSCH has been sent and re-sends the activation sDCI2 again. Moreover, in the case of cross-carrier scheduling of legacy PDCCH, one sDCI2 per each CC where DL sTTI control has been higher-layer configured would need to be transmitted, further congesting that particular PDCCH. Finally, the user-specific sDCI2 would not allow for efficient handling of sPDSCH and PDSCH collisions discussed above which is the main benefit of sDCI2. Therefore, we propose the following: 

Proposal-A3: If sDCI2 is supported, it is transmitted on demand in CSS of each component carrier and is common to all UEs that are configured in two-stage scheduling mode.


Appendix B – Details of Multi-sTTI scheduling  
According to the studies carried out during the Study Item, it was observed that shorter TTIs and processing times improve data throughput significantly. However, reduction in the TTI length from 14 OFDMA / SC-FDMA symbols down to two symbols will increase the associated control signaling overhead especially for DL / (s)PDCCH, as DL assignments and UL grants need to be given for each sTTI. 
Considering the 2OS sTTI UL operation in particular, in addition to DCI overhead, another issue with sTTI operation relates to the availability of UL demodulation Reference Signals. In principle, each sTTI needs to be associated with DMRS to allow for the sTTI to be received and demodulated correctly. However, in the case of subslot sTTI, the DMRS overhead could easily become overwhelming (with 2 data symbols and 1 DMRS, the overhead would be 50%). The flexible UL sTTI signaling framework described in Section 2.3 helps in this respect, but may create a reliability issue: e.g. in the case when the UE misses the sTTI UL grant indicating DMRS transmission, the eNB would fail to decode also consecutive UL sTTI that have been transmitted without DMRS. This is the case especially if transmission of PUSCH data in an sTTI is supported without DMRS adjacent to it. In addition, the existence of transients encourages eNB to schedule consecutive UL sTTIs.
One promising way to reduce the sPUSCH associated DL control as well as UL DMRS overhead and to avoid reliability issues is to allow for scheduling multiple sTTIs using a single DCI UL grant. We note that a bit similar approach – although on a per subframe level –has been adopted to FS3 uplink, where multi-subframe scheduling is supported with a possibility to grant up to 4 subframes at once. Similar approach makes sense also with short TTIs, as the case when a single UE receives UL grants for multiple consecutive UL sTTIs is expected to occur rather often, e.g. when a UE has a relatively large amount of data in the buffer. As an example, the multi-sTTI UL grant could consist of several fields including:
1. Number of UL sTTIs to be scheduled
2. DMRS configuration for the entire set of scheduled sTTIs
3. Delay (i.e. the starting sTTI) with respect to nominal processing time
The length of the fields can depend upon the extent of respective desired flexibility. 
Proposal-B1: For subslot sPUSCH scheduling, multi-sTTI UL grant should be considered to dynamically configure DMRS and to maintain optimal DL control signaling overhead.
In case of slot-level sTTI, the DL control is increased insignificantly, and the UL DMRS overhead is identical to the legacy. Therefore, there is no motivation to introduce multi-sTTI scheduling.

Proposal-B2: For slot-level sTTI, multi-sTTI scheduling (for sPUSCH and sPDSCH) is not supported.

In case of subslot sTTI, the DL does not suffer from the same issues as UL. In DL, a UE may operate mainly using CRS for demodulation, and there is no issue with transients in DL. Therefore, system may fully benefit from flexibility of TDM-FDM scheduling in DL. Moreover, we believe that DL control overhead may be significantly reduced by reuse of vacant control resources for data rather than by multi-sTTI scheduling. Note that multi-sTTI scheduling will not be able to effectively reuse the vacant control resources, because DCI informing about those vacant resources would not be transmitted in every sTTI. Overall, the benefits of multi-sTTI scheduling in DL are insignificant, and therefore we propose:

Proposal-B3: For subslot sPDSCH multi-sTTI DL scheduling is not supported.

The main issue of multi-sTTI in both UL and DL is the need for significant amount of additional DCI content (10 or more bits). This resulting into multiple DCI formats that a UE needs to follow and consequent increase in blind decodes. Therefore, we think that if multi-sTTI UL grants for subslot sPUSCH are supported, the number of sTTIs carrying the multi-sTTI grants within a subframe should be limited to limit the increase in the number of UE blind decodes per DL subframe. From overhead point of view, they should be transmitted in sTTI#0 (from PDCCH) only if one transmission instance per subframe is supported, and potentially also from sPDCCH in the subslot DL sTTI#3 within the subframe if two transmission instances are to be supported.

Proposal-B4: If multi-sTTI UL grants are supported for subslot sPUSCH, the UE should be only required to monitor for those UL grants in sTTI#0 / on PDCCH. FFS on whether the UE should in addition be required to monitor for subslot multi-sTTI UL grants also on sPDCCH in the subslot DL sTTI#3.
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