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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]GSMA Intelligence issued a report “Global Mobile Trends 2017” [1] shows that 4G will dominate in volume terms for at least the next 10 years although 5G continues to occupy thought space as the next big thing in mobile. It was forecasted that 4G will account for two thirds of the global mobile user by 2025. Therefore, LTE will continue to play an import role in the mobile network market, and it is worth to investigate Rel-15 UE features carefully. 
Among the Rel-15 UE features, sTTI with benefits of short latency and high throughput is a compelling feature. This contribution focuses to provide views on sTTI UE feature. 
Discussion on sTTI UE feature
sTTI is key solution for low latency
Low network latency opens new business opportunities, such as mobile AR, drone, telemedicine, cloud VR, robot, etc. It also promotes new business model as the centralized business model for example as illustrated in the top right figure in Figure 1.
There is a test case showing that the user experience of real-time gaming is improved significantly by using sTTI as shown on the left in Figure 1. There is also evidence showing that users are willing to pay for low game latency by which it is easier to win. 



[bookmark: _Ref521706964]Figure 1: sTTI is key solution to reduce radio latency
sTTI improves user experienced throughput
sTTI enables a packet to be transmitted in a short time, so that user experienced throughput (UPT) is expected to be increased. Simulation results illustrated in Figure 2 demonstrate the mean UPT gains introduced by sTTI. 

[image: ]
[bookmark: _Ref521708198]Figure 2: sTTI increases user experienced throughput

[bookmark: _GoBack]In addition, targeting the lowest delays is also essential for the 5G requirements on latency [2], which are in reach of LTE. For eMBB cases, the minimum requirement for user plane latency is 4 ms, which can only be achieved by sTTI operation. For URLLC cases, the minimum requirement for user plane latency is 1 ms, which can only be met by the sTTI length combination {2, 2}. 
Therefore, we propose the sTTI length combination {2, 2} as least for band 3, band 8, and band 20 is mandatory, and to mandate the basic sTTI operation including sDCI monitoring, transmission of SPUCCH in formats 1 and 4, transmission of subslot/slot based PUSCH on a single antenna port, and decoding of CRS based subslot/slot based PDSCH. The UE feature list for sTTI is updated as appended in the end of this contribution based on R1-1807458. 

Proposal 1: Mandate the sTTI length combination {2, 2} as least for band 3, band 8, and band 20, as well as the basic sTTI operation as updated as in the appendix.
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	Features
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet only)
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation
	TSG-RAN decision

	5. Shortened TTI and PT
	5-1
	Short processing time operation 
	1) Configuration of short processing time
2) Support of n+3 processing time between UL DCI and PUSCH transmission 
3) Support of n+3 processing time between PDSCH and DL HARQ feedback transmission in PUCCH.
 
* UE capability is reported per band combination. For each band combination the maximum number of supported CCs for short processing time are reported. The reported number of carriers apply to all the FS-type(s) supported. The supported FS-type(s) are also reported per band combination.. 
* The maximum number of CSI processes for aperiodic CSI is also reported for each band combination
	
	yes
	Network cannot utilize short processing time
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-2
	EPDCCH with SPT
	Support of EPDCCH and short processing time on different serving cells.
	5-1
	yes
	Network cannot utilize EPDCCH and SPT on different carriers
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	
	5-3
	sTTI operation
	1) Configuration of sTTI related parameters (e.g. sTTI length)sTTI length combination (2, 2)
2) sDCI monitoring in PDCCH and CRS based SPDCCH
3) Transmission of SPUCCH in formats 1 and 4
4) Transmission of sublslot/slot based PUSCH on a single antenna port
5) Decoding of CRS based sublslot/slot based PDSCH 
   
* different sTTI capabilities for different UL/DL sTTI length combinations and for each band of the reported band combinations. 
* UE capability is reported on skipping subframe processing to start processing slot/subslot PDSCH/PUSCH
* UE capability is reported on the maximum number of blind decodes in USS in one subframe for CCs configured with sTTI operation, including both legacy DCI formats and sDCI
* UE capability is reported on the supported processing timeline sets for subslot operation
	 
	yes
	Network cannot schedule slot/subslotsTTI length combination (2,2)  data transmission
	No need
	 
	 
	RAN1
	1) is mandatory at least for band 3, band 8, and band 20.
2), 3), 4), 5) are mandatory without capability signaling Optional with capability signaling
	

	
	5-4
	sTTI operation with length combination (2, 7)
	sTTI length combination (2, 7)
	5-3
	yes
	Network cannot schedule sTTI length combination (2,7)  data transmission
	No need
	
	
	RAN1
	Optional with capability signaling
	

	
	5-5
	sTTI operation with length combination (7, 7)
	sTTI length combination (7, 7)
	5-3
	yes
	Network cannot schedule sTTI length combination (7,7)  data transmission
	No need
	
	
	RAN1
	Optional with capability signaling
	

	
	5-46
	DMRS based SPDCCH
	Support of sDCI monitoring in DMRS based SPDCCH 
	5-3
	yes
	Network cannot utilize DMRS based SPDCCH 
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-75
	SPDCCH monitoring on SPDCCH resource sets with different RS types
	Support of monitoring sDCI in SPDCCH resource sets with different RS types in a slot/subslot 
	5-3 and 5-4
	yes
	Network cannot utilize SPDCCH resource sets with different RS types
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	
	5-86
	TM8 for slot/subslot PDSCH
	1) configuration of TM8 for slot PDSCH
2) Decoding of TM8 based slot PDSCH.
	5-3
	yes
	Network cannot utilize TM8 based slot PDSCH
	 Only for TDD
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-97
	TM9 and TM10 for slot/subslot PDSCH
	1) configuration of TM9/TM10 for slot/subslot PDSCH
2) Decoding of TM9-10 based slot/subslot PDSCH. 
	5-3
	yes
	Network cannot utilize TM9/10 based subslot/slot PDSCH
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-108
	Tx Diversity for TM9/10 based slot/subslot PDSCH
	1) configuration of TM9/TM10 for slot/subslot PDSCH
2) Decoding of Tx diversity based subslot/slot PDSCH
	5-3 
	yes
	Network cannot utilize Tx diversity fallback for TM9 or TM10 
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-119
	SPUCCH format 3
	Support of transmission of SPUCCH in format 3
	5-3
	yes
	Network cannot utilize SPUCCH format 3 
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-120
	Tx Diversity for SPUCCH
	SPUCCH format 1/1a/1b/3 transmission with Tx Diversity
	5-3
	yes
	Network cannot utilize Tx diversity for SPUCCH format 1/1a/1b/3
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-131
	TM2 for slot/subslot PUSCH
	1) configuration of TM2 for slot/subslot PUSCH
2) Transmission of sublslot/slot based PUSCH 
* UE capability is reported on supported maximum number of layers for slot/subslot PUSCH
	5-3
	yes
	Network cannot utilize UL TM2 for sulot/subslot PUSCH
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-142
	Simultaneous reception of slot/subslot and subframe PDSCH
	Support of simultaneous reception of subframe and slot/subslot PDSCH.
	5-3
	yes
	Network cannot utilize simultanenous reception of subframe and slot / subslot PDSCH 
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-153
	Simultaneous transmission of PUSCH of different lengths across carriers
	Support of simultaneously transmission of PUSCH with different lengths across different carriers
* capability reported per band/band combination
	5-3
	yes
	Network cannot utilize simultanenous transmission of subslot/slot PUSCH of different lengths in different carriers across carriers 
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-164
	A-CSI for sTTI
	Support of aperiodic CSI feedback for sTTI
* UE capability is reported on the maximum number of CSI processes supported on a CC within a band with slot/subslot PDSCH TM10 for a bandwidth class with a single CC
* UE capability is reported on the maximum number of CSI processes supported on a single CC and on all CCs within a band with PDSCH TM10 for a bandwidth class with multiple CCs
* UE capability is reported on the maximum number of CSI processes to be updated across CCs

	5-3
	yes
	Network cannot utilize CSI on subslot/slot PUSCH
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-175
	EPDCCH with sTTI
	Support of EPDCCH and sTTI on different serving cells.
	5-3
	yes
	Network cannot utilize EPDCCH and sTTI on different carrier 
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-186
	SRS triggers on sDCI
	Support of SRS triggers in DCI formats 7.x for FS2
	5-3
	yes
	Network cannot utilize SRS triggers in DCI 7.x 
	Only for TDD
	 
	 
	RAN1
	Optional with capability signaling
	

	
	5-197
	SPS for sTTI
	1) Configuration of SPS with sTTI
2) Monitoring of sDCI for SPS activation and deactivation,
3) Decoding of SPS subslot/slot based PDSCH 
4) Transmission of SPS slot/subslot based PUSCH
	5-3
	yes
	Network cannot utilize SPS for sTTI 
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-2018
	L1 based SPDCCH reuse
	1) Configuration of L1 based SPDCCH reuse 
2) Rate-matching of subslot/slot based PDSCH around SPDCCH resources according to configured L1 based SPDCCH reuse method
	5-3
	yes
	Network cannot utilize L1 indication of rate matching method of sublslot/slot based PDSCH around SPDCCH resources 
	No need
	 
	 
	RAN1
	Optional with capability signaling
	

	 
	5-2119
	CS for SPS
	1) Configuration of cyclic shift in SPS  for 1ms TTI UL SPS operation. 
2) Transmission of DMRS for SPS PUSCH using the configured cyclic shift
	SPS support for 1ms TTI
	yes
	SPS using different configured CS values not possible
	No need
	 
	 
	RAN1
	Optional with capability signaling
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