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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 UE demodulation performance.

2   Discussion

2.1   Shortened processing time for 1ms TTI
As per the RAN1 agreements, reduced processing time n+3 for one carrier is introduced for between UL grant and UL data and between DL data and DL HARQ feedback. It is a new functionality but with no impact to the demodulation performance, it can be tested by RAN5 signalling test cases, we do not see any necessity to define new demodulation performance for it.

Proposal 1: No need to define demodulation performance requirements for shortened processing time for 1ms TTI. 
2.2   Shortened TTI with shortened processing time
2.2.1   UE capabilities
The UE can be 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 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 cases; 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 UE can handle 2/3os TTI, we can say it is no problem for UE 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 it is feasible to only define the demodulation performance for Set 1. Also n+4 can be selected in Set 1 as the minimum processing timing for DL data to DL HARQ so that the same number of 4 HARQ processes as 1ms TTI can be selected for sPDSCH test.

Proposal 2: Just test 2/3os sTTI for UE with single carrier and 4 HARQ processes for the minimum processing.

2.2.2   sPDCCH
For 2/3os sPDCCH, EPDCCH PRB allocation is reused for CRS-based and DMRS-based sPDCCH, the granularity of RB allocation for configuring an sPDCCH RB set is 1 RB for CRS-based sPDCCH and 2 RB for DMRS-based sPDCCH, aligned with the sPRG. Also localized or distributed sCCE to sREG mapping are defined. For sPDCCH, RAN1 also has the following agreements:
· Support aggregation level L∈{1,2,4,8} for sPDCCH search space
· Four modes of sPDCCH rate-matching operation
· Up to two RB sets for sPDCCH monitoring that apply to non-MBSFN subframes
· QPSK is used for sPDCCH
· The starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signalling.
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS

· #sREGs per sCCE is:
· 4 for CRS based sPDCCH
· 4 in a 2-sybmol sPDCCH and is 6 in a 3-symbol sPDCCH for DMRS based sPDCCH
· For CRS-based sPDCCH: 
· CRS-based RB set only applies to non-MBSFN subframes

· The number of OFDM symbols per RB set
· for 2/3-symbol sTTI: 1 or 2 (configured by higher layer)

· In time domain
· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· Frequency resource for sPDCCH can be informed by eNB
· The maximum number of antenna ports is 4.
· For DMRS-based sPDCCH:
· A DMRS-based RB set can be configured to apply to MBSFN, non-MBSFN subframes, or all subframes
· The number of OFDM symbols per RB set
· for 2/3-symbol sTTI: 

· 2 for 2-symbol sTTI#1,2,3,4
· 3 for 3-symbol sTTI#1 and #5
· The DMRS pattern for the predefined DMRS antenna port is same as that for the first DMRS antenna port for 2/3-symbol sPDSCH

· Single port DMRS-based sPDCCH demodulation is supported using bundling size 2
· The UE is not required to use the sPRG which is/are partially overlapped with PBCH/PSS/SSS for sPDCCH monitoring.
For the sPDCCH rate-matching operation, it is only applied when the resource allocation between sPDCCH and sPDSCH has overlapping, and usually the demodulation performances are defined for separate physical channel, no joint sPDCCH and sPDSCH demodulation performances defined, so we think that sPDSCH rate-matching around overlapping sPDCCH resources can be not considered.
Considering the test is mainly used to test the sTTI handling, to simplify the test and consider the strict timeline for the performance part, we suggest to prioritize the CRS-based sPDCCH compared to DMRS-based sPDCCH. Summarize RAN1 agreements, for sPDCCH demodulation performance test, we propose:
Proposal 3: Only 2/3os sPDCCH related demodulation performance tests need to be defined with the following configurations:
· CRS-based PRB allocation for non-MBSFN subframes
· Both localized and distributed sCCE to sREG mapping

· 1 OFDM symbol per RB set for CRS-based sPDCCH
· Aggregation level: 1, 2
· Two RB sets for sPDCCH monitoring
· 10MHz BW
· QPSK
· EVA5 propagation condition

2.2.3   sPDSCH
For 2/3os DL sTTI, the sTTI pattern is dependent on the starting symbol index of the first potential sPDSCH and is defined as:
	Starting symbol index of the first potential sPDSCH
	

	1, 3
	Pattern 1

	2
	Pattern 2
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For a self-carrier scheduled CC, the starting symbol index of the first potential sPDSCH equals to CFI value indicated by PCFICH. Following the FRC definition for 1ms TTI: 2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW. 3 symbols allocated to PDCCH for 5 MHz and 3 MHz. 4 symbols allocated to PDCCH for 1.4 MHz. We know that the sTTI design is not optimized for N_PRB <= 10, i.e. sTTI is not applicable for 1.4MHz BW. Also as per the logic that 10MHz BW is supported for all bands except Band 31, we can choose 10MHz BW for sTTI UE sPDSCH demodulation performance requirements definition first, so 2 symbols PDCCH allocation can be reused, in such case, Pattern 2 for sPDSCH can be selected.
Proposal 4: Use the sTTI Pattern 2 for sPDSCH performance requirements definition:
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The same DL sTTI length is configured for the serving cells within the same PUCCH group and different DL sTTI lengths can be configured for the serving cells across different PUCCH groups, to simplify the test, we suggest to configure the same DL sTTI length for the serving cells with one PUCCH group.
For the DMRS pattern, for subslot-PDSCH transmission in normal subframe, if the baseline pattern defined in section 6.10.3.2 of TS 38.211 has overlapping resource elements with configured zero-power or non-zero-power CSI reference signals or has overlapping resource elements with CRS, a shifted pattern of DMRS shall be applied. The time domain position is same as the baseline pattern of the same value of 
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, while frequency domain 
[image: image4.wmf]k

 has a shift k’ and depends on the cell-specific frequency shift 
[image: image5.wmf]shift

v

of ‘v0’,’v1’ and ‘v2’ in Figure 6.10.3.2-2B of TS 38.211. During the simulation, if 2-port CRS is configured and with no CSI-RS configured for subslot-PDSCH, then pattern with cell-specific frequency shift ‘v0’ can be selected.
Proposal 5: With 2-port CRS and no CSI-RS configured for subslot-PDSCH; For DMRS based, the DMRS pattern with cell-specific frequency shift ‘v0’ for subslot-PDSCH performance requirements can be selected.
Both CRS and DMRS based TMs for sPDSCH transmission is supported. A single codeword with up to 4 layers is used for sPDSCH. During the simulation, in the test setup, we think that 1 codeword with 2 or 4 layers can be selected, it is not necessary to test all number of layers. Considering the strict schedule of the performance part work, we also suggest to prioritize the CRS based TMs for sPDSCH transmission.
For sPUSCH and sPDSCH TBS, the value in the legacy TBS is scaled according to TBS*α with the resulting TBS rounded off to the closest valid TBS. The DL TBS scaling factor is: 7os: 0.5; 2/3os: 1/6. 
Summarize the above agreements about sPDSCH, we suggest the following simulation assumptions for the sPDSCH demodulation performance requirements definitions:
Proposal 6: Only 2/3os sPDSCH related tests need to be defined with the following configurations:
· sTTI pattern 2

· 2-port CRS and no CSI-RS configured

· 1 codeword with 2 or 4 layers
· TBS scaling factor is 1/6

· Number of HARQ: 4
· No overlapping resources allocation between sPDCCH and sPDSCH
· QPSK
· 10MHz BW
· EVA5 propagation
2.2.4   CSI reporting for sTTI

Only aperiodic CSI reporting is intended to be supported for the sTTI operation in Rel-15 WI with up to 3-bit trigger.
A fixed CRS overhead for subslot shall be assumed over the CSI reference resource, assuming the average number of CRS REs per sTTI (rounded up to the closest integer)
· if a 4-port CRS is configured, the overhead per sTTI is 4 REs per RB
· if a 2-port CRS is configured, the overhead per sTTI is ceil(16/6)=3

The CSI-RS overhead should not be considered over reference resource. For aperiodic CSI reporting under the sTTI operation, 
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 is defined with the sTTI granularity.
when the CSI request field from an uplink DCI format 7-0A/7-0B is set to trigger a report, the supported subband size k and M values as shown in Table 7.2.1-5A of TS 36.213 which is different from 1ms TTI scenario.
· Table 7.2.1-5A: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth when the CSI request field from an uplink DCI format 7-0A/7-0B is set to trigger a report
	System Bandwidth
	Subband Size k (RBs)
	M
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	6 – 7
	NA
	NA

	8 – 11
	4
	1

	12 – 26 
	12
	1

	27 – 63 
	12
	2

	64 – 110 
	12
	4


From the above RAN1 agreements, we can know the 
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 is defined with sTTI granularity and subband size is modified compared to 1ms TTI, new tests need to be defined to verify the new features in sTTI.
Proposal 7: CSI reporting related tests need to be defined for sTTI.

3   Conclusion / Proposals
In this contribution, we analyses the sTTI core requirements defined by RAN1, and give our proposals about the sTTI UE demodulation performance requirements are:

Proposal 1: No need to define demodulation performance requirements for shortened processing time for 1ms TTI. 
Proposal 2: Just test 2/3os sTTI for UE with single carrier and 4 HARQ processes for the minimum processing.

Proposal 3: Only 2/3os sPDCCH related demodulation performance tests need to be defined with the following configurations:

· CRS-based PRB allocation for non-MBSFN subframes
· Both localized and distributed sCCE to sREG mapping

· 1 OFDM symbol per RB set for CRS-based sPDCCH
· Aggregation level: 1 and 2

· Two RB sets for sPDCCH monitoring
· 10MHz BW
· QPSK
· EVA5 propagation condition

Proposal 4: Use the sTTI Pattern 2 for sPDSCH performance requirements definition:

Proposal 5: With 2-port CRS and no CSI-RS configured for subslot-PDSCH; For DMRS-based, the DMRS pattern with cell-specific frequency shift ‘v0’ for subslot-PDSCH performance requirements can be selected.

Proposal 6: Only 2/3os sPDSCH related tests need to be defined with the following configurations:
· sTTI pattern 2

· 2-port CRS and no CSI-RS configured

· 1 codeword with 2 or 4  layers
· TBS scaling factor is 1/6

· Number of HARQ: 4
· No overlapping resources allocation between sPDCCH and sPDSCH
· QPSK
· 10MHz BW

· EVA5 propagation
Proposal 7: CSI reporting related tests need to be defined for sTTI.
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