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Introduction
The Study Item (SI) on latency reduction techniques for LTE showed that reducing the TTI and processing time can dramatically reduce the latency in the user plane, and improve TCP throughput [1]. The result of SI resulted in further Work Item (WI) on latency reduction which includes core part and performance part. 
Specified In the latest WID [2], The objective of core part of this WI is to specify shortened TTI (sTTI) operation and shortened Processing Time (sPT) for both legacy (1ms) TTI and sTTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure The detail objective are captured as follows.There are a lot of descriptions for WI core part.  Should be included here?
For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4]
· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions
· Note that the size of the reduction in minimum timing may be different between UL and DL cases.
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]

For Frame structure type 1: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Down-selection is not precluded
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)


The objective of performance part of WI is to specify the necessary UE and base station performance requirements to support sTTI and sPT.
Since the core part of this WID was completed and approved in RAN#78, the performance part is expected to be starting in this meeting and to be finished in RAN4#87. 
In this contribution, the scope of UE performance requirements for sTTI and sPT are outlined based on our understanding.
Discussion
Since sTTI and sPT perf part needs to be finished by Jun. 2018, and also by considering sTTI and sPT are built upon existing LTE features, many performance requirements for existing LTE can guarantee UE performance. 
For example, in section 8.2 of 36.101, CRS based PDSCH demodulation performance requirements for both FDD and TDD cover single-antenna port, transmit diversity, open-loop/close-loop spatial multiplexing, MU-MIMO, and carrier aggregation; in section 8.3 of 36.101, the DMRS based PDSCH demodulation performance requirements for both FDD and TDD cover single-layer and dual-layer spatial multiplexing with enhanced performance requirements for type A/B/C receivers, etc.  In section 8.4 of 36.101, PDCCH performance requirements for both FDD and TDD cover single-antenna and transmit diversity performance with extension to type A/B enhanced PDCCH performance requirements. 
The key difference between sTTI and legacy 1ms TTI is reduced TTI length and reduced DL HARQ and UL grant timing. For sPT the key difference is DL HARQ and UL grant timing reduced from N+4 down to N+3. 
The following is key feature list for sPT in PDSCH and PDCCH
· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions:
· A maximum TA is reduced to 200ms
· When scheduled by PDCCH (not supported for ePDCCH-based scheduling due to stringent processing timing requirement)
· For 1ms TTI, shortened processing time between UL grant and UL data and between DL data and DL HARQ feedback for one carrier are jointly configured.
· Support dynamic fallback to legacy processing timings (n+4) by the search space
The following is key feature list for sTTI in sPDSCH and sPDCCH
· Each short TTI on DL may contain sPDCCH decoding candidates
· Both CRS-based and DMRS-based sPDCCH are supported 
· sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH
· Regarding sDCI format, two-level DCIs for sTTI scheduling, i.e. ‘fast DCI’ and ‘slow DCI’
· Support the following combination of sTTI for DL and UL i.e. {DL sTTI length, UL sTTI length}
· {2,2}, {2,7}, {7,7}
· For DL transmission for sTTI
· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1
· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2
· Support of single CW for sPDSCH
· Supported layers for DL sTTI
· 2-symbol based sTTI
· Up to 4 layers for CRS-based sPDSCH
· Up to 2 layers for DMRS-based sPDSCH
· Slot-based sTTI
· 4 layers for both CRS-based and DMRS-based sPDSCH
· TBS scaling; 0.5 for 7-symbol (1-slot) sTTI and 1/6 for 2-symbol (sub-slot) sTTI
· processing time for sTTI.
· Sub-slot based sTTI
· Set 1: n+4 with max TA = 2048*Ts, n+6 with max TA = 10816*Ts
· Set 2: n+6 with max TA = 5120*Ts, n+8 with max TA = 13888*Ts 
· Slot based sTTI
· n+4 with max TA = 9520*Ts
· 2-symbol DL sTTI patterns within a subframe
· Pattern 1: sub-slot 0 to 5 contain [3,2,2,2,2,3]  symbols
· Pattern 2: sub-slot 0 to 5 contain [2,3,2,2,2,3] symbols
By considering above key feature lists, it is needed to identify the scope of performance requirements to cover sTTI and sPT: What features can be covered by performance requirements in legacy 1ms TTI and what features are new and need separate performance requirements. We have following proposal.
Proposal 1: Companies are encouraged to investigate the reasonable scope of performance requirements for sTTI and sPT by jointly considering the coverage of performance requirements in legacy 1ms TTI.
First, it is noticed that the processing time has been greatly reduced in sub-slot/slot based sTTI. To consider reasonable UE implementations in term of receiver complexity and much stringent processing time, many advanced receivers may not be feasible. We propose to use type-A receiver as baseline receiver to evaluate all sTTI based sPDSCH/sPDCCH demodulation performance. 
Proposal 2: Consider Type-A (LMMSE-IRC) receiver as only baseline receiver in demodulation of sPDSCH/sPDCCH for both sub-slot and slot based sTTI frame structure.
For performance requirements, we recommend to use 2 Rx as default configuration as in [3] which is captured in test case configurations.
In the following context, we present our view on the performance requirements of sTTI and sPT.
Performance requirements for sPT
The sPT reduces the minimum processing time from n+4 in legacy 1ms TTI to n+3 for UL grant to UL data and for DL data to DL HARQ. The purpose of this test is to verify the performance of demodulation of PDSCH with reduced DL HARQ timing for UE. This can be done by creating one test case for FS1 and one test case for FS2 with respectively. Notice that in sPT, there are no design changes in PDSCH and PDCCH. We can simply reuse test number 1 with 10M BW in table 8.2.1.2.1-2 in [3] as test case 1 in the table 1 and test number 1 with 10M BW in table 8.2.2.2.1-2 in [3] as test case 2 in the table 1. The SNR reference values need to be re-evaluated.
Table 1 Proposed test cases for PDSCH with sPT
	Test case
	TM
	FS
	RS
	Prop. Cond.
	FRC  and OCNG
	Correlation matrix and Antenna Config.
	Single cell/
multiple cell

	Noise-limited/Interference limited
	Test Purpose

	1
	2
	FDD
	CRS
	EVA5
	R.11 FDD/OP.1 FDD
	2x2 medium
	Single
	Noise
	Verify PDSCH performance of Tx transmit diversity with sPT for FDD 

	2
	2
	TDD 
	CRS
	EVA5
	R.11 TDD/OP.1 TDD
	2x2 medium
	Single
	Noise
	Verify PDSCH performance of Tx transmit diversity with sPT for TDD



We have following proposal for sPT performance requirements.
Proposal 3: Use table 1 as performance requirements of demodulation of PDSCH for sPT.
Performance requirements for sTTI
For sub-slot and slot based sTTI, There are much more design changes comparing with sPT. In order to provide reasonable coverage, we need to consider combinations in the feature list:  Both CRS based and DMRS based sPDSCH and sPDCCH, 2-symbol and 7 symbol sTTIs, different processing time, different number of layers, different 2-symbol DL sTTI patterns, etc. The full combination seems not reasonable for performance requirements. We propose to maximize the coverage with reasonable test cases for both sPDSCH and sPDCCH.
sPDSCH 
In latest 36.101 spec, the scope of demodulation of PDSCH covers a varieties of test cases. Most cases don’t necessarily need to be repeated for sTTI and sPT.  We provide our understanding to optimize the scope of performance requirements for demodulation of sPDSCH. Table below shows the proposed test cases.
The following settings are common to corresponding test cases listed in table 2:
1) [bookmark: _GoBack]Minimum processing time for 2-symbol sTTI: sub-slot set 2 timing with n+6
2) Minimum processing time for 7-symbol sTTI: n+4 
Table 2 Proposed test cases for sPDSCH
	Test case
	sTTI

	TM
	FS
	RS
	Prop. Cond.
	sTTI pattern 
	FRC  and OCNG
	Correlation matrix and Antenna Config.
	Single cell/
multiple cell

	Noise-limited/Interference limited
	Test Purpose

	1
	2 os
	2
	FDD
	CRS
	EVA5
	1
	TBD
	2x2 medium
	Single
	Noise
	Verify sPDSCH performance of Tx diversity with 2 Tx antennas in 2-symbol sTTI 

	2
	7os
	3
	FDD 
	CRS
	EVA70
	NA
	TBD
	2x2 Low
	Single
	Noise
	Verify sPDSCH performance of large delay CDD with 2 Tx antennas for  slot based sTTI

	3
	7 os
	8
	TDD
	DMRS
	EPA5
	NA
	TBD
	2x2 medium
	single
	Noise
	Verify sPDSCH performance of rank-2 spatial multiplexing for TDD slot-based sTTI 


Note: os – OFDM symbol, TM = Transmission Mode, FS = Frame Structure, RS = Reference Signal,
		Prop. Cond. = Propagation Condition
In table 2, we list 3 test cases for sPDSCH performance test. FRC and OCNG need to be determined further. The goal is to cover as much as possible the items in the sTTI feature list. We also need to understand the UE demodulation performance requirements are covered comprehensively under legacy 1ms TTI test suite, so simplification can be made here.

sPDCCH
In this section, we outline demodulation performance requirements of sPDCCH in the following table. 
Table 3 Proposed test cases for sPDCCH
	Test case
	sTTI

	FS
	RS
	AL
	D/L
	Prop. Cond.
	FRC  and OCNG
	Correlation matrix and Antenna Config.
	Single cell/
multiple cell

	Noise-limited/Interference limited
	Test Purpose

	1
	2 os
	FDD
	CRS
	1
	D
	EVA5
	TBD
	2x2 medium
	Single
	Noise
	Verify CRS-based  sPDCCH performance of 2 Tx transmit diversity 

	2
	7os
	FDD 
	CRS
	4
	L
	EVA70
	TBD
	1x2 Low
	Single
	Noise
	Verify CRS-based performance of sPDCCH with 1 Tx

	3
	7 os
	TDD
	DMRS
	8
	D
	EPA5
	TBD
	1x2 medium
	single
	Noise
	Verify DMRS-based sPDCCH performance 


Note: AL = Aggregation Level, D/L = Distributed/Localized
In table 3, we provide 3 test cases for sPDCCH as well. FRC and OCNG need to be determined further. We spread out the different features as much as possible in order to reduce the test cases while maintaining large coverage of feature list.
We have following proposal for performance requirements of demodulations of sPDSCH and sPDCCH.
Proposal 4: Use table 2 with corresponding minimum processing time settings and table 3 as performance requirements of demodulations of sPDSCH and sPDCCH accordingly.

Further considerations
In the sTTI and sPT specifications, there are some corner cases UE needs to handle. We don’t think they need to be under performance tests, for example:
· Dynamic switching between 1ms TTI and sTTI
· A UE can be dynamically (on a subframe basis) scheduled with legacy TTI unicast PDSCH and/or sTTI unicast PDSCH. But it is not expected that dynamic switching happens quite often in a consecutively in subframe basis.
· Simultaneously PDSCH and sPDSCH reception in the same subframe
· This depends on UE capability. If UE indicates its capability to decoding PDSCH and sPDSCH, this UE should try to decode PDSCH in addtion to sPDSCH. Otherwise, UE may only decode sPDSCH and skip PDSCH.

Conclusion
In this contribution, by considering the difference between sTTI and sPT with legacy 1ms TTI, the scope demodulation performance requirements can be reduced based on existing comprehensive LTE test cases. We outline the scope for performance requirements for sPT and sTTI. We also provide our view on baseline receiver for sTTI. We have following proposals:
Proposal 1: Companies are encouraged to investigate the reasonable scope of performance requirements for sTTI and sPT by jointly considering the coverage of performance requirements in legacy 1ms TTI.
Proposal 2: Consider Type-A (LMMSE-IRC) receiver as only baseline receiver in demodulation of sPDSCH/sPDCCH for both sub-slot and slot based sTTI frame structure.
Proposal 3: Use table 1 as performance requirements of demodulation of PDSCH for sPT.
Proposal 4: Use table 2 with corresponding minimum processing time settings and table 3 as performance requirements of demodulations of sPDSCH and sPDCCH accordingly.
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