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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

No further agreements related to scheduling have been made in RAN1 #88b. In this paper, we discuss in Section 2 scheduling timing aspects for asymmetric sTTI length configuration as well as two-stage scheduling. In Section 3 the additional sTTI-specific DCI content is presented, and in Section 4 we state our opinion on multi-sTTI scheduling. 

2. On scheduling of short TTI   

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. In this section, we discuss the remaining issues of single-stage scheduling, particularly asymmetric sTTI scheduling aspects, as well as two-stage scheduling in the following two subsections.


2.1. Remaining issues of single-stage scheduling   
In RAN1#88, the support of asymmetric sTTI operation of {2,7} has been confirmed. Generally, one 7OS sTTI contains three 2OS sTTIs. Therefore, 7OS long UL sTTI transmission corresponds to the three DL transmissions of 2OS sTTI. So far, RAN1 has not yet agreed on what should be HARQ-ACK/NACK timing and sPUSCH timing for the {2,7} sTTI configuration. 

We prefer slot-aligned scheduling illustrated in Figure 1, where the group of 2OS sPDSCHs transmitted within a DL 7OS sTTI n are acknowledged with HARQ multiplexing in UL 7OS sTTI (n+x), where a processing time of n+4 for 7OS sTTI is assumed in the example of Figure 1. Note that in DL, the 2OS processing time-line applies and therefore timing could be as well n+3 or even n+2 instead of n+4. Moreover, slot-aligned grouping of 2OS sTTIs is beneficial when eNB operates slot-based DL sTTI with 2OS DL sTTI on the same DL CC. 

On the other hand, the sPUSCH timing should follow 7OS processing time-line. Therefore, in order to allow the same amount of processing time as for {7,7} sTTI combination, the UL grants scheduling sPUSCH in n+x should be transmitted in the first (yellow) sTTI within the DL 7OS sTTI n. On the other hand, as discussed in [1], the processing timeline for UL is more relaxed compared to DL, therefore, we suggest that RAN1 considers scheduling of sPUSCH in n+x by 2OS UL grants transmitted in any of 2OS sTTIs in DL 7OS sTTI n.
	

Figure 1 An example showing identical timing value of x for DL HARQ and sPUSCH scheduling



Proposal-1: For asymmetric {2,7} sTTI length configuration:
· sPDSCHs transmitted within a DL 7OS sTTI n are acknowledged in UL 7OS sTTI n+x, where x is FFS. 
· UL grants transmitted in at least the first 2OS sTTI within a DL 7OS sTTI n schedule sPUSCH in UL 7OS sTTI n+y, where n+y is the minimum processing time for 7OS sTTI operation.
· RAN 1 to consider scheduling of sPUSCH in UL 7OS sTTI n+y also by 2OS UL grants transmitted in the 2nd and 3rd sTTI of 7OS sTTI n.
According to previous agreements, the legacy PDCCH control region may also carry sDCI1s scheduling sPDSCH and sPUSCH. In RAN1#87, it was left FFS whether sTTI#0 for 2OS contains sPDCCH when CFI=1. We think that sPDCCH is more spectral efficient than PDCCH, and therefore we suggest that eNB should be given a possibility to configure sPDCCH in sTTI#0 for 2OS when CFI=1. For the same reason, we propose that also slot-based sTTI could be scheduled from sPDCCH in sTTI#0 when CFI=1. With other CFI values, the slot-based sTTI#0 is always scheduled from PDCCH.   
Proposal-2: For CFI=1, the eNB higher-layer configures for 2OS/7OS sTTI operation of a UE if the sPDCCH region is present (and used for sTTI scheduling) in the sTTI#0. 

Proposal-3: For 7OS sTTI, if CFI=2 or 3, there is no sPDCCH region present in sTTI#0 and the PDCCH region is used to transmit sDCI1s in sTTI#0. 
Based on above proposals, Table 2 shows where UL grants and DL assignments are transmitted in sTTI#0.
Table 1 UL grants and DL assignments transmitted in sTTI#0
	
	sPDCCH
	PDCCH

	CFI=1 + sPDCCH configured
	2OS UL and DL
7OS UL and DL
	-

	CFI=1 + sPDCCH not configured
	-
	2OS UL and DL
7OS UL and DL

	CFI=2 or 3
	-
	7OS UL and DL
2OS UL only




Other opened scheduling aspects are related to RA granularity and DCI format design, which we address in the accompanying contribution on sPDSCH design [2].  

2.2. Two-stage scheduling   
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-1: 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 2 shows an example, where we assume an increased resource allocation granularity for 2OS sTTI of 12 PRBs, i.e. 4 subbands (SB#1 to SB#4) can be independently scheduled for 2OS 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 2OS sPDSCH (using increased 12PRB granularity) in subbands SB#1 and SB#2. Because of high 2OS sPDSCH scheduling granularity of 2OS sPDSCH, the scheduler cannot avoid collision with PDSCH in SB#1. 



Figure 2 An example of two-level control operation assuming Alternative 2-1 in DL and Alternative 2 in UL

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-4: 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

In [3] 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-2: An eNB may disable the higher-layer preconfigured sPDCCH RB sets using a bitmap in sDCI2 within the DL subframe. 

Observation-3: 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 2 and we propose:

Proposal-5: 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-6: 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. 

3. sDCI1 content   
Agreement
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 

As agreed in RAN1 #88, the legacy content should be starting point for the sTTI DCI design. We propose the following additional fields to legacy DL DCIs:
· compact resource allocation, with increased RA granularity, which is discussed in [2]
· indication of unused resources, which depends on design of search space and is discussed in accompanying contribution [4] 
· sDCI2 follow bit (if sDCI2 supported) which has been discussed in the previous section. 
For UL DCI formats, following additional fields should be considered:  
· asynchronous HARQ related indication – details are discussed in [6]
· UL DMRS indication – details are discussed in [7]
In addition, we discuss potential reduction of DCI format size in [2] and [8]. UL and DL DCI contents are also summarized in Appendix A.
4. 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 2-symbol 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 [7] 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-7: For 2-OS sPUSCH scheduling, multi-sTTI UL grant should be considered to dynamically configure DMRS and to maintain optimal DL control signaling overhead.
In case of 7-OS 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-8: For 7-OS sTTI, multi-sTTI scheduling (for sPUSCH and sPDSCH) is not supported.

In case of 2-OS, 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-9: For 2-OS 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 2OS 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 PDCCH only if one transmission instance per subframe is supported, and potentially also from sPDCCH in the 2-OS DL sTTI#3 within the subframe if two transmission instances are to be supported.

Proposal-10: If multi-sTTI UL grants are supported for 2-OS sPUSCH, the UE should be only required to monitor for them on legacy PDCCH. FFS on whether the UE should in addition be required to monitor for 2OS multi-sTTI UL grants also on sPDCCH in the 2-OS DL sTTI#3.

5. Summary
Based on the discussion in above, we have the following observations and proposals:
Proposal-1: For asymmetric {2,7} sTTI length configuration:
· sPDSCHs transmitted within a DL 7OS sTTI n are acknowledged in UL 7OS sTTI n+x, where x is FFS. 
· UL grants transmitted in at least the first 2OS sTTI within a DL 7OS sTTI n schedule sPUSCH in UL 7OS sTTI n+y, where n+y is the minimum processing time for 7OS sTTI operation.
· RAN 1 to consider scheduling of sPUSCH in UL 7OS sTTI n+y also by 2OS UL grants transmitted in the 2nd and 3rd sTTI of 7OS sTTI n.
Proposal-2: For CFI=1, the eNB higher-layer configures for 2OS/7OS sTTI operation of a UE if the sPDCCH region is present (and used for sTTI scheduling) in the sTTI#0. 

Proposal-3: For 7OS sTTI, if CFI=2 or 3, there is no sPDCCH region present in sTTI#0 and the PDCCH region is used to transmit sDCI1s in sTTI#0. 
Observation-1: Increased resource allocation granularity of sPDSCH compared to PDSCH may result in sPDSCH and PDSCH resource allocation collisions.
Proposal-4: 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. 
Observation-2: An eNB may disable the higher-layer preconfigured sPDCCH RB sets using a bitmap in sDCI2 within the DL subframe. 

Observation-3: Activation/Deactivation signaling is unnecessary, because eNB can achieve deactivation by shutting off the UE’s entire sPDCCH resource. 

Proposal-5: 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.
Proposal-6: 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. 
Proposal-7: For 2-OS sPUSCH scheduling, multi-sTTI UL grant should be considered to dynamically configure DMRS and to maintain optimal DL control signaling overhead.
Proposal-8: For 7-OS sTTI, multi-sTTI scheduling (for sPUSCH and sPDSCH) is not supported.

[bookmark: _GoBack]Proposal-9: For 2-OS sPDSCH multi-sTTI DL scheduling is not supported.

Proposal-10: If multi-sTTI UL grants are supported for 2-OS sPUSCH, the UE should be only required to monitor for them on legacy PDCCH. FFS on whether the UE should in addition be required to monitor for 2OS multi-sTTI UL grants also on sPDCCH in the 2-OS DL sTTI#3.
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A. Appendix - Content of sDCI1 and sDCI2  
Here we discuss the information elements the sDCI1 and sDCI2 could carry including some exemplary number of bits. The required baseline content is a direct consequence of the envisioned two-stage DCI operation described in the Section 3.
Table 2 shows the exemplary content of the sDCI2. The content of the DCI may be up to 60bits. The number of required bits for “sPDCCH RBset activation/deactivation bitmap” is for further study, but 16bits could be sufficient. 

[bookmark: _Ref450563641]Table 2 Exemplary sDCI2 content
	Field name
	Details
	Tentative number of bits

	Resource allocation of resources excluded from sTTI use

	TYPE 0 using legacy RBG granularity could be used.


	up to 25 bits (BW dependent)

	sPDCCH PRBset activation/deactivation bitmap
	A bitmap containing single bit indication per each configured sPDCCH PRBset within the subframe. Bit indicates whether sPDCCH PRB set is active or not
	<16bits

	CRC+RNTI
	Error detection
	16



Table 3 describes an example of the sTTI length specific sDCI1 content for sPDSCH assignments. The majority of required bits for the sDCI1 are related to MCS & HARQ operation. The newly added sDCI1 parameters are (i) compact resource allocation with coarse allocation granularity, and (ii) the information about which control resources within the sTTI contain data/control symbols. In Table 3, the main differences of the sDCI1 and the legacy DCI scheduling PDSCH are marked in green. The size of this fields would be for further study. However, clearly the compact RA would require much less bits than legacy RA.    

[bookmark: _Ref450563910]Table 3 Exemplary sDCI1 DL assignment content
	Field name
	Details
	Tentative number of bits

	Baseline transmission parameter of the configured DL TM
(same as in legacy TTI)

	MCS (SU-MIMO)
	2 x 5 bits

	
	HARQ process for DL 
	4 bits

	
	RV (SU-MIMO)
	2x2 bits

	
	NDI (SU-MIMO)
	2x1 bits

	
	PMI/port/RI
	3-6 bits

	
	Other TM specific legacy parameters (UL/DL indicator, swap flag, TPC, etc.)
	 bits

	Compact RA coarse granuilarity
	For example, doubling the RBG results in reduction of the Type 0 RA bitmap size to about half. 
	FFS

	Information about unused control resources


	Indication of used/unused DL control resources (e.g.which CCEs of sPDCCH are used for sPDSCH data).
	FFS

	sDCI2 follow bit
	If bit is ON, the UE shall take the information in the sDCI2 into accounts, otherwise it should ignore the content of sDCI2
	1bit

	CRC+RNTI
	Error detection
	



Table 5 describes an example of the sTTI length specific fast DCI content for UL grants. The newly added fast DCI parameters are related to UL asynchronous HARQ and DMRS position indication, both marked in green. 
Table 5 Exemplary sDCI1 PUSCH grant content
	Field name
	Details
	Tentative number of bits

	Baseline transmission parameter of the configured UL TM
(same as in legacy TTI)

	MCS (TM2)
	2 x 5 bits

	
	NDI (TM2)
	2 x 1 bits

	
	TPMI (TM2 only)
	3/6 bits

	
	Cyclic shift
	3 bits

	
	TPC
	2 bits

	
	CSI request
	1-3 bits

	
	UL index / DAI
	2bits

	UL Asynchronous HARQ 
related parameters
(same as for n+3 1ms TTI timing)
	HARQ process
	4bit

	
	RV
	1x2bit

	Legacy Compact start-stop RA Type 0 (single cluster) or Type 1 (double cluster)
	Type 0 (single cluster) or Type 1 (double cluster), restriction of minimum allowed number of PRBs can be imposed.
	up to 14bit (depends on BW)

	DMRS position indication
	Indicates the DMRS position used for demodulation of sPUSCH
	2-3bits

	CRC+RNTI
	Error detection
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