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1 Introduction

The following agreements were made in RAN1#88 regarding sTTI scheduling as part of the WI on Short TTI and reduced processing [1].
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

iii. FFS: which DCI fields to remove from the legacy DCI

iv. Other methods to decrease the sDCI1 size are not precluded

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) Support of sDCI1 scheduling multiple sPUSCH/sPDSCH is for FFS;

i. Multiple subframe scheduling for eLAA can be the starting point

3. If sDCI2 is supported, 

a) The eNB configures one of the sTTI scheduling methods to a UE by RRC signaling:

i. Single level scheduling: UE monitors sDCI1 in every sTTI.

ii. Two-level scheduling: UE monitors sDCI1 in every sTTI and sDCI2 in legacy PDCCH region.

b) The candidates include the following information

i. Aggregation level and/or candidates of sDCI1;

ii. PRB set to sDCI1 monitoring;

iii. Activation/deactivation information of sDCI1 monitoring 

iv. TPC command

v. Note: Other candidates are not precluded

In this contribution, we discuss the FFS points in the above agreements.
2 Discussion

2.1 Fields in sDCI1
As agreed in RAN1#88, the legacy DCI content should be the starting point when defining the fields for sDCI1. A reduction of the DCI payload can be obtained by increasing the resource allocation field as proposed in [2-3]. The number of bits for CSI request and SRS request could also be reduced in the DL sTTI DCI. 

New fields are required for sTTI, e.g. for signalling the DMRS position or for efficient sPDCCH/sPDSCH multiplexing. Also changes to existing fields can be beneficial, such as DAI that can be extended to indicate for which DL assignments HARQ feedback is expected in case of collision between 1ms TTI and sTTI with UCI in UL.
Proposal 1 Taking as basis the 1ms TTI DCI, the number of bits for the resource block assignment field is reduced in sDCI1 

Proposal 2 Taking as basis the 1ms TTI DCI, consider adding sTTI-specific fields such as fields for DMRS position signaling or for efficient sPDCCH/sPDSCH multiplexing

Proposal 3 Taking as basis the 1ms TTI DCI, consider modifying existing fields for sTTI purpose such as fields for DAI and fields for HARQ-ACK resource indication
Details on possible sDCI1 content is given in the following sections.

2.1.1 sDCI1 fields for sPUSCH scheduling
Fields inherited from legacy UL DCI (example based on DCI format 4):

· Carrier indicator 
· Resource block assignment
· TPC
· Cyclic shift and/or COMB for UL DMRS
· UL index (only for FS2 slot TTI)
· Downlink Assignment Index (DAI)
· CSI request 
· SRS request
· Resource allocation type
· HARQ process ID
· MCS / transport block
· RV / transport block
· NDI / transport block
· Precoding and layer information
· CRC
New fields in UL DCI specific to sTTI operation:

· New field indicating UL DMRS position (for DMRS sharing and/or multiplexing)
· Potentially new field related to Tx power parameters in case of UL CA

2.1.2 sDCI1 fields for sPDSCH scheduling

Fields inherited from legacy DL DCI (example based on DCI format 2):

- Carrier indicator

- Resource allocation header (resource allocation type 0 / type 1) 
- Resource block assignment 

- TPC command for PUCCH 

- Downlink Assignment Index

- HARQ process number
- Modulation and coding scheme / TB

- New data indicator / TB 

- Redundancy version / TB
- Precoding information depending on TM 

- sPUCCH HARQ-ACK resource indication 

- CRC

New fields in DL DCI specific to sTTI operation:

· New field indicating DL DMRS position (for DMRS sharing)
· New field enabling efficient sPDCCH/sPDSCH multiplexing

2.2 Multi-sTTI scheduling

To evaluate the potential of multi-sTTI scheduling, system-level simulation results for 100 kB file size downloads via FTP model 3 with 2os sTTI are presented in Figure 1 (system simulation assumptions are listed in the Annex). Figure 1-left depicts how the sPDSCH scheduling per UE along different system loads looks like. It shows the occurrence percentage for seven possible cases of consecutive sPDSCH transmissions per UE during 1ms subframe (the percentage is calculated based on the total number of sPDSCH transmissions per UE). It can be observed that the eNB allocates for the same UE more than 50% of the sPDSCH transmissions on six consecutive 2os sTTIs within 1ms subframe (regardless of the system load). Only few transmissions (below 10%) are allocated on other possible consecutive transmissions. About 25% of the transmissions are done in single sTTI within 1ms subframe.

Observation 1 Most of the sPDSCH transmissions per UE are allocated on six consecutive 2os sTTIs within 1ms subframe during the FTP download of 100 kB.

Supporting multi-sTTI scheduling is thus relevant to support. The fast DCI overhead with and without multi-sTTI scheduling is depicted in Figure 1-right. The fast DCI overhead is calculated based on the number of resource elements (RE) utilized for transmitting short TTI-related DCIs during 1ms subframe scaled by the total number of REs in 1ms subframe. The multi-sTTI scheduling results plotting in Figure 1-right are for scheduling six consecutive sPDSCH transmissions for the same UE within 1ms subframe. As it can be seen, the fast DCI overhead is reduced by about 60% from low to high loads.

Observation 2 Multi-sTTI scheduling of six consecutive sPDSCH transmissions reduces substantially the fast DCI overhead
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	Figure 1
Consecutive sPDSCH transmissions (left) and fast DCI overhead (right) for the download of 100 kB file sizes via FTP model 3 and 2os sTTI


Multi-sTTI scheduling has the potential to reduce the control overhead on sTTI for eMBB traffic and is worth to be considered. Since the DCI for multi-sTTI scheduling would be larger than for single sTTI scheduling, the control overhead could become substantial if the corresponding DCI is sent in sPDCCH. A restriction to make multi-sTTI scheduling possible only from PDCCH could be considered. This would also have the advantage to limit the number of blind decodes. For instance, if a multi-sTTI scheduling for DL assignment is found in PDCCH, the UE would not need to search for a DL sDCI in the already scheduled sTTIs. The usage of multi-sTTI scheduling could be configured over RRC.
Proposal 4 The usage of multi-sTTI scheduling is RRC configured.
Proposal 5 Consider restrictions in multi-sTTI scheduling flexibility such as PDCCH only based scheduling to limit the sPDCCH overhead and the number of blind decodes.
At least a HARQ process ID field (4 bits) and a RV field (2 bits) per scheduled sTTI must be present in the DCI to enable multi-sTTI scheduling. To limit the number of additional bits in the DCI for multi-sTTI scheduling, restrictions such as same MCS, PMI and resource allocation are valid options.
Proposal 6 Consider scheduling restrictions to limit the payload of the DCI for multi-sTTI scheduling.
Considering the DL pattern with six 2os sTTIs per subframe, multi-sTTI scheduling should allow scheduling all six sTTIs of a subframe to a UE. As mentioned previously, some transmission parameters (e.g. HARQ process ID) are present per scheduled sTTI in the DCI for multi-sTTI scheduling. If the eNB can schedule any number of consecutive sTTIs with multi-sTTI scheduling, the size of the DCI for multi-sTTI scheduling can take many different values and the number of blind decodes can become very large. To limit the number of blind decodes, the list of allowed numbers of consecutive scheduled sTTIs in a subframe through multi-sTTI scheduling can be restricted. For instance, 2 or 3 possible numbers of jointly schedulable sTTIs per subframe would give sufficient flexibility to the eNB to exploit efficiently multi-sTTI scheduling. 
Proposal 7 Support multi-sTTI scheduling with a limited set of numbers of jointly schedulable sTTIs per subframe.
2.3 sDCI2

sDCI2 was discussed with the intention to:

· reduce the number of blind decodes for the UE by signaling a subset of the RRC configured sPDCCH search space and 
· reduce computational effort/achieve some power saving at the UE by deactivating sPDCCH monitoring in some subframes.

These two use cases for sDCI2 make sDCI2 UE-specific. It is thus more appropriate to send sDCI2 on the UE-specific search space.

As discussed in [5], the control overhead reduction of two-level DCI variants based on sDCI2 is limited or inexistent. In addition, two-level DCI schemes have a robustness issue due to the probability of sDCI2 misdetection. A default UE behaviour could be defined to mandate sDCI1 monitoring if sDCI2 is missed. But this would remove the benefits of sDCI2 in terms of reduced number of blind decodes. Moreover, it would require a sDCI2 containing a sPDCCH monitoring deactivation command to be sent in every subframe to avoid being interpreted as a misdetected sDCI2. With sDCI2 sent in every subframe and not on demand, the control overhead increases.

In short, the benefits if sDCI2 are unclear. If a functionality to deactivate sPDCCH monitoring is wanted, it is preferable to let RAN2 define a sTTI-specific extension of the existing DRX framework. A DRX extension would have the benefit to be applicable to single level DCI scheduling method, which is already agreed for sTTI.

Proposal 8 Do not support two-level DCI for sTTI scheduling
Observation 3 An extension of the DRX mechanism can be defined for activating/deactivating sPDCCH monitoring

3 Conclusion

In section 2 we made the following observations:
Observation 1
Most of the sPDSCH transmissions per UE are allocated on six consecutive 2os sTTIs within 1ms subframe during the FTP download of 100 kB.
Observation 2
Multi-sTTI scheduling of six consecutive sPDSCH transmissions reduces substantially the fast DCI overhead
Observation 3
An extension of the DRX mechanism can be defined for activating/deactivating sPDCCH monitoring


Based on the discussion in section 2 we propose the following:
Proposal 1
Taking as basis the 1ms TTI DCI, the number of bits for the resource block assignment field is reduced in sDCI1
Proposal 2
Taking as basis the 1ms TTI DCI, consider adding sTTI-specific fields such as fields for DMRS position signaling or for efficient sPDCCH/sPDSCH multiplexing
Proposal 3
Taking as basis the 1ms TTI DCI, consider modifying existing fields for sTTI purpose such as fields for DAI and fields for HARQ-ACK resource indication
Proposal 4
The usage of multi-sTTI scheduling is RRC configured.
Proposal 5
Consider restrictions in multi-sTTI scheduling flexibility such as PDCCH only based scheduling to limit the sPDCCH overhead and the number of blind decodes.
Proposal 6
Consider scheduling restrictions to limit the payload of the DCI for multi-sTTI scheduling.
Proposal 7
Support multi-sTTI scheduling with a limited set of numbers of jointly schedulable sTTIs per subframe.
Proposal 8
Do not support two-level DCI for sTTI scheduling


4 References

[1] RP-170113, New Work Item on shortened TTI and processing time for LTE, Ericsson, RAN#75, March 2017.

[2] R1-1706080, Design aspects of sPDSCH, Ericsson, RAN1#88bis, April 2017
[3] R1-1706082, Design aspects of sPUSCH, Ericsson, RAN1#88bis, April 2017
[4] R1-1703259, On sTTI scheduling options, Ericsson, RAN1#88, February 2017
5 Annex

5.1 System-level simulations

5.1.1 Scenario parameters

Table 3: Deployment parameters for the system level simulations
	Parameter
	Value

	Number of sites, sectors per site
	7, 3

	Inter-site distance
	500m

	UE dropping
	Random uniform, 80% indoor

	UE speed.
	0 (no mobility)

	UE Multipath speed
	3 km/h 

	Frequency, duplex
	2 GHz, FDD

	Bandwidth
	10 MHz

	TX power
	46 dBm (eNB), 24 dBm (UE)

	Antenna heights
	25m (eNB), 1.5m (UE)

	N TX antennas x M RX antennas
	2x2 (eNB), 1x2 (UE)

	MIMO
	2x2 (DL), 1x2 (UL)

	Antenna pattern
	3GPP TR36.819

	Noise figure
	5dB (eNB), 9dB (UE)

	FTP download file size
	100kB

	FTP model
	3

	Fast Fading Model
	ITU Uma TR36.819

	Pathloss Model
	ITU Uma TR36.814

	TCP Configuration
	Slow Start: Linux-based
Congestion control: Linux-based
Initial Window Size: 3

Slow Start Restart: 1s

TCP congestion window increase during slow-start relaying on number of acked packets


5.1.2 System parameters

Table 4: System parameters for system level simulations
	Parameter
	Value

	Number of PDCCH symbols
	2

	Resources allocated to sPUCCH
	1 PRB

	CQI report delay/periodicity
	6ms/5ms

	Link adaptation
	According to TBS selection from Section 2.1.1;
Outer-loop correction (Target BLER 10%)

	Core, transport, and internet delay
	10ms

	RLC AM max ReTX threshold
	32

	Scheduler algorithm
	Proportional fair

	UL access
	SR-based

	UL retransmissions
	Non-adaptive
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