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1   Background
WI LTE_sTTIandPT [1] about shortened TTI and short processing time was completed in RAN#78, it is time to start the related work about performance requirements.

In this contribution, we analyses the core requirements and give our views about the BS demodulation performance.

2   Discussion

2.1   Shortened TTI with shortened processing time
2.1.1   UE capabilities
The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}, sTTI operation is configured per CC. the same sTTI length should be configured for the serving cells within the same PUCCH group. For the CA performance test, it is just the combination of related single carrier performance, to simplify the test, it is enough to just test single carrier case; the main motivation for sTTI WI is for smaller latency, 2/3os TTI is the most basic capability for UE to support sTTI efficiently. If BS can handle 2/3os TTI, we can say it is no problem for BS to process 7os TTI.
For 2/3os sTTI two sets of two processing timing assumptions are defined for different maximum TA support. 

Set 1 is defined with minimum timing n+4 with TA1/n+6 with TA1+4os

Set 2 is defined with minimum timing n+6 with TA2/n+8 with TA2+4os

A support of Set 1 implicitly means a support of Set 2, so we suggest to use Set 1 for the performance definition. Following the same logic, n+4 can be selected in Set 1 as the minimum timing for UL grant to UL data, so that the same number of 4 HARQ processes as 1ms TTI can be selected for sPUSCH test.

Proposal 1: Just test 2/3os TTI for UL with single carrier and 4 HARQ processes for the minimum timing of UL grant to UL data.

2.1.2   PRACH
PRACH is not modified for sTTI, so no PRACH related test need to be defined.
Proposal 2: no PRACH related test need to be defined.

2.1.3   sPUCCH and sPUSCH
For 2/3 os sTTI, UL sTTI pattern for sPUSCH and sPUCCH is [3,2,2,2,2,3] as shown below:
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2.1.4   sPUCCH
When UE is to transmit UCI in a 2/3os sPUCCH, two sPUCCH formats are defined:
- For SR (if any) and up to 2 bits HARQ-ACK, the UE shall use sequence-based sPUCCH.

- For SR (if any) and more than 2 bits HARQ-ACK, the UE shall use PF4-based sPUCCH.
Up to 2 bits HARQ-ACK:

The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.
· ACK/NACK information map to different sPUCCH resource
· The cyclic shifts on different sPUCCH symbols can be different due to cyclic shift randomization 
· Only frequency hopping between sPUCCH symbol(s) is supported (no FH is not supported). 
· 1 RB allocation per symbol
· Two sPUCCH resources are configured for SR and 1-bit HARQ-ACK.

· When positive SR and 1-bit HARQ-ACK are to be transmitted on 2/3os sPUCCH in the same sTTI, one resource is used for SR+ACK and another is used for SR+NACK

· In case positive SR and 2-bit HARQ-ACK are to be transmitted, four sPUCCH resources are configured for SR with 2-bit HARQ-ACK.

· The four resources are used for SR+'ACK, ACK', SR+'ACK, NACK', SR+'NACK, ACK', SR+'NACK, NACK' respectively
To simplify the test, we suggest to test 2-bit HARQ-ACK without SR only, because during the simulation, the SR and HARQ-ACK are indicated by using 1 or 0, no need to distinguish them from SR or HARQ-ACK meaning.

Proposal 3: Only test 2-bit HARQ-ACK w/o SR for sequence-based sPUCCH in 2/3 os sTTI.
More than 2 bits HARQ-ACK:

For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2/3os sTTI, sPUCCH format based on PUCCH format 4 is supported 
· The channel coding scheme for sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any) is defined as:

· Up to 11 bits: Single RM coding

· 12-22: Dual RM

· More than 22 bits: TBCC+8bit-CRC
· QPSK is used;
· No frequency hopping within a sPUCCH

· No sequence spreading on data symbol(s)

· Reuse legacy DMRS sequence generation
· One UL DMRS symbol in each 2/3os sTTI and is in the first symbol for 2/3os sPUCCH as Table 5.5.2.3.2-2 of TS 36.211:
Table 5.5.2.3.2-2: Demodulation reference signal location for different subslot-SPUCCH formats

	SPUCCH format
	Subslot number in subframe
	Slot
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	4
	0
	1st
	0

	
	1
	1st
	3

	
	2
	1st
	5

	
	3
	2nd
	0

	
	4
	2nd 
	2

	
	5
	2nd 
	4


· The number of RB(s) is configured by higher layer signaling as a value from the set {1,2,3,4,5,6,8}.
· IFDMA is not used

· When more than 2 bits HARQ-ACK are to be transmitted on 2/3os sPUCCH and there is a positive/negative SR in the same sTTI
· When there is a positive SR:
· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.
· When there is negative SR:
· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.
· In case of single RB subslot-SPUCCH format 4 allocation and payload of 21 or 22 bits, the UE is not expected to transmit 21 or 22 bits in one PRB.

To simplify the test, we suggest to just test HARQ-ACK w/o SR and to ensure the test coverage, like did for PF4 in 1ms TTI, we can define two scenarios tests for sPUCCH carrying more than 2-bits HARQ-ACK for one PRB with 11 bits and 2 PRBs with 24 bits HARQ-ACK.
Proposal 4: Define two tests for sPUCCH carrying more than 2-bits HARQ-ACK, one is for 11 bits with one PRB allocated, another is for 22 bits with 2 PRBs allocated.

2.1.5   sPUSCH

For 2/3os case in UL, the following DMRS placement can be indicated by an UL grant in sTTI#n-x which schedules sPUSCH in sTTI n, where x is processing time configured for a PUCCH group
	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n

	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	R D
	R D
	R D
	R D
	R D D

	D D R
	D R
	D D
	D R
	D R
	

	
	D D
	
	D D | R
	D D
	

	
	D D | R
	
	
	D D | R
	


Note: | denotes the boundary of sTTI n
From the above patterns for each sTTI n, we can know that the pattern in the first row which is yellow highlighted for each sTTI n includes a DMRS, it facilitates the efficient channel estimation; For others, they are used to optimize the DMRS allocation for low speed and the channel condition is relative stable so that DMRS can be shared between or among different sTTI. From the demodulation performance point of view, the basic scenario of sTTI for better latency should be tested, we prefer the pattern shown in the first row for sPUSCH DMRS configurations during the test.

Proposal 5: Use the following DMRS pattern for sPUSCH performance requirements:

	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	R D
	R D
	R D
	R D
	R D D


For 2/3os and 1-slot sPUSCH, single codeword sPUSCH transmission for up to 4 layers is supported. No new precoder in the UL is defined
For sPUSCH, the value in the legacy TBS is scaled according to TBS*α with the resulting TBS rounded off to the closest valid TBS. during the test, we assume the same α value. The TBS scaling factor for 2/3os sPUSCH is 1/12 and 2/12 for 1 and 2 data symbols in sPUSCH respectively. 
2.1.6   UCI on sPUSCH

To simplify the test, we do not suggest to test UCI on sPUSCH.

Proposal 6: Not define performance requirements for UCI on sPUSCH.

Summarize the above agreements, we propose the simulation assumptions for sPUSCH as below：

Proposal 7: Use the following simulation assumptions for sPUSCH demodulation performance requirements:

· sTTI length: 2/3os sTTI

· Modulation order: QPSK
· Bandwidth: 5MHz,10MHz,15MHz and 20MHz
· Number of HARQ process: 4

· 1 codeword and 2 or 4 layers
· TBS scaling factor: 1/12 and 2/12 for 1 and 2 data symbols in sPUSCH respectively
· No UCI on sPUSCH

· No SPS configured

· DMRS pattern:

	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	R D
	R D
	R D
	R D
	R D D


3   Conclusion / Proposals
In this contribution, we analyses the pros and cons of xxx, and our conclusions/proposals are:

Proposal 1: Just test 2/3os TTI for UL with single carrier and 4 HARQ processes for the minimum timing of UL grant to UL data.

Proposal 2: no PRACH related test need to be defined.

Proposal 3: Only test 2-bit HARQ-ACK w/o SR for sequence-based sPUCCH in 2/3 os sTTI.
Proposal 4: Define two tests for sPUCCH carrying more than 2-bits HARQ-ACK, one is for 11 bits with one PRB allocated, another is for 22 bits with 2 PRBs allocated.
Proposal 5: Use the following DMRS pattern for sPUSCH performance requirements:

	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	R D
	R D
	R D
	R D
	R D D


Proposal 6: Not define performance requirements for UCI on sPUSCH.

Proposal 7: Use the following simulation assumptions for sPUSCH demodulation performance requirements:

· sTTI length: 2/3os sTTI

· Modulation order: QPSK
· Bandwidth: 5MHz,10MHz,15MHz and 20MHz

· Number of HARQ process: 4

· 1 codeword and 2 or 4 layers
· TBS scaling factor: 1/12 and 2/12 for 1 and 2 data symbols in sPUSCH respectively
· No UCI on sPUSCH

· No SPS configured

· DMRS pattern:

	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	R D
	R D
	R D
	R D
	R D D
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