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1	Introduction
Shortened processing time and TTI for LTE work item’s core part was finalized at the end of 2017. Performance part of the work item begins in the Athens meeting. 
RAN1 has defined new channels for downlink (SPDSCH and SPDCCH) and uplink (SPUSCH and SPUCCH) to support shortened TTI. New demodulation performance tests are thus needed for all these new channels. In this contribution, we concentrate on BS demodulation performance work, and propose a test setup for SPUSCH and SPUCCH.
2	Discussion
As a very short summary, work item for shortened processing time and TTI defined shortened processing time for normal TTI (1 ms) with HARQ timing n+3. Additionally, two new TTI lengths were defined: slot TTI and subslot TTI. Slot TTI consists of 7 OFDM-symbols, and subslot TTI consists of 2 or 3 OFDM-symbols depending on the subslot index. These are shown in Figure 1.
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Figure 1: Slot TTI and subslot TTI.
New channels that were defined for downlink to support shortened TTI are short PDSCH and short PDCCH. New channels defined for uplink are short PUSCH and short PUCCH. For the new channels, changes to legacy channels were made for example for DMRS design, HARQ timing and PUCCH formats. 
Considering BS demodulation performance, new demodulation tests are needed for SPUSCH and SPUCCH. We do not see a need to test shortened processing time with normal TTI, as testing faster HARQ would be more of a functional test. For the shortened TTI part of the work item, SPUSCH and SPUCCH demodulation performance needs to be tested with both slot TTI and subslot TTI. Furthermore, tests for both 2 OS and 3 OS subslot TTI are needed. 
In the following we will first discuss general test parameters common for SPUSCH and SPUCCH and after that discuss channel specific parameters separately.
General test parameters
For the number of antennas, we propose to use the legacy numbers i.e. 1 Tx antenna and 2, 4 and 8 Rx antennas will be tested.
System bandwidths that are tested for legacy are 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz. In our view, all these bandwidths need to be tested also for short TTI.
As the propagation model we propose to use EPA5 model, which was considered sufficient to create demodulation requirements for example for eLAA PUSCH. Other channels e.g. EVA70 can be also considered, but in our view other channels are not necessarily more challenging than EPA5, so we think EPA5 is sufficient.
As the reference receiver we propose to use MRC. We do not see a need to test more complicated reference receivers.
Normal cyclic prefix shall be used in the tests.
Proposal 1: In demodulation tests for both SPUSCH and SPUCCH, we propose to use the parameters as shown in Table 1.
Table 1: General test parameters
	Parameter
	Value

	Number of Tx antennas
	1

	Number of Rx antennas
	2, 4, 8

	Propagation condition
	EPA5

	Cyclic prefix
	Normal

	Reference receiver
	MRC

	Channel bandwidth
	1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MHz

	TTI length
	Slot TTI, subslot TTI

	Number of OFDM-symbols
	Slot TTI: 7
Subslot TTI: 2 and 3




SPUSCH demodulation performance
Performance metric for PUSCH is minimum required throughput for a given SNR, and this metric shall be used to evaluate also SPUSCH demodulation. Values for fraction of maximum throughput used in legacy requirements are 30 % and 70 %. We propose to use the same values for SPUSCH.
Also for the maximum number of HARQ transmissions and RV sequence we propose to reuse the legacy values. Maximum number of HARQ transmissions would thus be 4, and RV sequence 0, 2, 3, 1, 0, 2, 3, 1. 
Proposal 2: Reuse the legacy values for maximum number of HARQ transmissions (4), and RV sequence (0, 2, 3, 1, 0, 2, 3, 1) in SPUSCH demodulation tests.
Uplink-downlink allocation for TDD also needs to be defined. for legacy LTE, the used UL-DL allocation is Configuration 1 (2:2). For sTTI, TDD is only supported with slot TTI. For this we propose to use UL-DL configuration 1.
Proposal 3: Use UL-DL configuration 1 for slot TTI TDD demodulation tests.
New fixed reference channels need to be defined for the tests. The modulations we propose to be tested are QPSK, 16QAM and 64QAM. New FRCs are needed for different TTI lengths and number of OFDM symbols. 
Proposal 4: For SPUSCH, test QPSK, 16QAM and 64QAM modulations.
Proposal 5: Define new FRCs for different TTI lengths and number of OFDM symbols.
Minimum processing time was agreed as two sets in RAN1#90:
Agreement: 
Define two sets of two processing timing assumptions for subslot TTI operation 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
In our view, all these timings should be tested, but to reduce the amount of test cases, we propose that different processing times are not tested with all bandwidths and modulations. RAN4 can downselect from different bandwidth-modulation-processing time combinations so that all processing times will be tested at least in one test. 
Proposal 6: Use all alternatives for processing time (Set 1: n+4 and n+6, Set 2: n+6 and n+8) in at least one SPUSCH demodulation test, but to reduce amount of test cases, do not test all bandwidth-modulation-processing time combinations.
For slot TTI, DMRS position is placed in the middle of the slot TTI as in legacy, and this shall hence be used in the demodulation tests. For subslot TTI, UL DMRS position is indicated by the eNB with two bits in UL grant. DMRS transmission happens either in the same or next subslot TTI i.e. same DMRS can be shared for multiple (up to three consecutive) subslot TTIs or between UEs. DMRS position pattern can be seen in the RAN1 agreement from RAN1#89 below:
Agreement:
In case of 2/3os 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
Note: Other combinations are FFS.

	
	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n
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Note: | denotes the boundary of sTTI n

In our view the cases without combining multiple subslots into one DMRS can be considered as priority cases, so we propose to start the RAN4 demodulation work with these. Cases for both subslot lengths need to be tested, so DMRS options are RDD, DDR, RD and DR. The cases with combining consecutive symbols have secondary priority in our view.
Proposal 7: First priority is to test DMRS cases without combining consecutive symbols. Second priority is to test DMRS cases with combining consecutive symbols into one DMRS.
Summarized, we propose the SPUSCH simulation assumptions as shown in Table 2.
Table 2: SPUSCH simulation assumptions.
	Parameter
	Value

	Number of Tx antennas
	1

	Number of Rx antennas
	2, 4, 8

	Propagation condition
	EPA5

	Cyclic prefix
	Normal

	Reference receiver
	MRC

	Channel bandwidth
	1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MHz *

	TTI length
	Slot TTI, subslot TTI

	Number of OFDM-symbols
	Slot TTI: 7
Subslot TTI: 2 and 3

	Fraction of maximum throughput
	30 %, 70 %

	Maximum number of HARQ transmissions
	4

	RV sequence
	0, 2, 3, 1, 0, 2, 3, 1

	Modulation
	QPSK, 16QAM, 64QAM *

	UL-DL allocation for TDD (slot TTI)
	Configuration 1

	Processing time
	Set 1: n+4 and n+6
Set 2: n+6 and n+8 *

	DMRS
	Slot TTI: Fixed in the middle symbol of each slot
Subslot TTI: First priority (start with this): no combining of consecutive subslots. 
Second priority: combining of consecutive subslots to one DRMS

	* Reduce the number of test cases by testing all BWs, modulations, and processing times in at least one demodulation test, but not testing all combinations of these parameters.



SPUCCH demodulation performance
For SPUCCH, the following PUCCH formats are supported:
Slot TTI: 1a, 1b, 3, 4
Subslot TTI: 1a, 1b, 4
In our view, all formats for both TTI lengths should be tested to confirm the demodulation performance. 
Proposal 8: Define demodulation tests for SPUCCH formats:
Slot TTI: 1a, 1b, 3, 4
Subslot TTI: 1a, 1b, 4
For LTE legacy, all the above-mentioned formats are tested with ACK/NACK as the test metric. Format 2 is tested with CQI as the test metric, but format 2 is not introduced for shortened TTI. We think it would be good to test CQI performance at least for one format, so we propose to use CQI as the test metric for format 4 for both sTTI lengths. For other formats, we propose to use ACK/NACK as the test metric.
Proposal 9: Use CQI as the test metric for format 4, and ACK/NACK as the test metric for other formats.
For other short TTI formats than format 4, the number of PRBs is fixed to 1. For format 4, the number of PRBs is configurable, and can be one of 1, 2, 3, 4, 5, 6 or 8 PRBS. Hence, the number of PRBs needs to be defined for the demodulation tests for format 4. We propose to use 1 PRB also for format 4 in the tests. 
Proposal 10: For format 4, use number of PRBs 1.
For subslot TTI, the subslot can be either 2 or 3 symbols long depending on the subslot index. Thus, the subslot TTI length/subslot index needs to be defined for the test. We propose to test each format with only one subslot length (number of OFDM symbols) to reduce the number of test cases i.e. alternate subslot lengths between formats.
Proposal 11: SPUCCH demodulation performance is tested with 2 and 3 OFDM symbol subslot TTI, but each format is only tested with one of 2/3 OS subslot TTI to reduce the number of test cases.
For SPUCCH, DMRS location is fixed for each format, and is transmitted in the first symbol of each 2 or 3 OS subslot SPUCCH. For slot TTI, legacy DMRS position in the middle of the slot applies. These DMRS positions shall be used in the tests.
Summarized, we propose the SPUCCH simulation assumptions as shown in Table 3.
Table 3: SPUCCH simulation assumptions.
	Parameter
	Value

	Number of Tx antennas
	1

	Number of Rx antennas
	2, 4, 8

	Propagation condition
	EPA5

	Cyclic prefix
	Normal

	Reference receiver
	MRC

	Channel bandwidth
	1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MHz

	TTI length
	Slot TTI, subslot TTI

	Number of OFDM-symbols
	Slot TTI: 7
Subslot TTI: 2 and 3

	DMRS
	Slot TTI: Fixed in the middle symbol of each slot TTI
Subslot TTI: Fixed in the first symbol of each subslot TTI

	SPUCCH formats
	Slot TTI: 1a, 1b, 3, 4
Subslot TTI: 1a, 1b, 4

	Number of PRBs (all formats)
	1

	* Reduce the number of test cases by testing all BWs, modulations, TTI lengths and processing times, but not testing all combinations of these parameters.



3	Conclusion
In this contribution we have discussed BS demodulation performance requirements for shortened TTI. We have proposed simulation assumptions for SPUSCH and SPUCCH. In the contribution we have made the following proposals:
Proposal 1: In demodulation tests for both SPUSCH and SPUCCH, we propose to use the parameters as shown in Table 1.
Table 1: General test parameters
	Parameter
	Value

	Number of Tx antennas
	1

	Number of Rx antennas
	2, 4, 8

	Propagation condition
	EPA5

	Cyclic prefix
	Normal

	Reference receiver
	MRC

	Channel bandwidth
	1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MHz

	TTI length
	Slot TTI, subslot TTI

	Number of OFDM-symbols
	Slot TTI: 7
Subslot TTI: 2 and 3



Related to SPUSCH demodulation tests, we have made the following proposals:
Proposal 2: Reuse the legacy values for maximum number of HARQ transmissions (4), and RV sequence (0, 2, 3, 1, 0, 2, 3, 1) in SPUSCH demodulation tests.
Proposal 3: Use UL-DL configuration 1 for slot TTI TDD demodulation tests.
Proposal 4: For SPUSCH, test QPSK, 16QAM and 64QAM modulations.
Proposal 5: Define new FRCs for different TTI lengths and number of OFDM symbols.
Proposal 6: Use all alternatives for processing time (Set 1: n+4 and n+6, Set 2: n+6 and n+8) in at least one SPUSCH demodulation test, but to reduce amount of test cases, do not test all bandwidth-modulation-processing time combinations.
Proposal 7: First priority is to test DMRS cases without combining consecutive symbols. Second priority is to test DMRS cases with combining consecutive symbols into one DMRS.
Related to SPUCCH demodulation tests, we have made the following proposals:
Proposal 8: Define demodulation tests for SPUCCH formats:
Slot TTI: 1a, 1b, 3, 4
Subslot TTI: 1a, 1b, 4
Proposal 9: Use CQI as the test metric for format 4, and ACK/NACK as the test metric for other formats.
Proposal 10: For format 4, use number of PRBs 1.
Proposal 11: SPUCCH demodulation performance is tested with 2 and 3 OFDM symbol subslot TTI, but each format is only tested with one of 2/3 OS subslot TTI to reduce the number of test cases.
[bookmark: _GoBack]Furthermore, we have provided a summary of the proposed simulation assumptions for SPUSCH and SPUCCH in tables 2 and 3 in this contribution.
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