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1	Introduction
As of RAN#78 in December 2017, the completion level of sTTI WI core part is set to 100% [1], and RAN4 can start the discussion on the UE demodulation and CSI requirements. In this contribution we present a summary of sTTI features related to UE demodulation according to [2][3], and show our observation for sTTI PDSCH demodulation requirements. 
2	Short processing time for 1ms TTI
In Rel-8 LTE, HARQ-ACK transmission for DL PDSCH is 4ms after the PDSCH reception. RAN1 decided to shorten the HARQ-ACK transmission timing to 3ms when the higher layer parameter indicates shortProcessingTime. CSI reporting timing with PUSCH is also shortened from n+4 to n+3.
Even if the HARQ-ACK transmission timing is shorten from 4ms to 3ms, there is no change for demodulation performance.
Observation 1: Short processing time for 1ms TTI does not impact to UE demodulation requirements. 
3	PDSCH with short TTI
3.1	TTI configuration
RAN1 agreed to introduce two TTI configurations for PDSCH: one for 7 OFDM symbols (or slot-based PDSCH); another for 2/3 OFDM symbols (or subslot-based PDSCH). Slot-based PDSCH supports both FDD and TDD, but subslot-based PDSCH supports FDD only. Number of OFDM symbols in the subslot depends on the CFI (Number of OFDM symbols allocated for control channel region). Figure 1 illustrates the slot index used for slot-based PDSCH and subslot index used for subslot-based PDSCH. 
Proposal 1: Introduce new PDSCH demodulation requirements with subslot-based PDSCH for FDD and slot-based PDSCH for FDD/TDD. The applicability depends on the UE capability. 
[image: ]
[bookmark: _Ref505352122]Figure 1 Slot index for slot-based PDSCH and Subslot index for subslot-based OFDM symbols. 
3.2	Physical layer specification
In the slot-based PDSCH operation with FDD, if UE receives PDSCH in slot #n, UE shall transmit HARQ-ACK in slot #n+4, and HARQ round trip time (RTT) is 8 TTIs. For subslot-based PDSCH operation, HARQ-ACK transmission timing depends on the UE capability ProcessingTimelineSet = {set1, set2}. When UE reports set1, if UE receives PDSCH in subslot #n, UE shall transmit HARQ-ACK in subslot #n+4 or #n+6. On the other hand, when UE reports set2, if UE receive PDSCH in subslot #n, UE shall transmit HARQ-ACK in subslot #n+6 or #n+8. The HARQ-ACK transmission timing #n+4 or #n+6 for set1 and #n+6 or #n+8 for set2 is decided by the network according to the timing advance (TA) value. In the case of HARQ-ACK transmission timing #n+8, HARQ RTT becomes 16 TTIs. To support it, the maximum number of HARQ processes are increased from 8 to 16. 
PDSCH supports both CRS-based and DMRS-based transmission. For FDD, both the slot-based and subslot-based PDSCH support TM1, TM2, TM3, TM4, TM6, TM9 and TM10. For TDD, the slot-based PDSCH supports TM1, TM2, TM3, TM4, TM6, TM8, TM9 and TM10. The number of MIMO layers are up to 4 for CRS-based transmission and are also up to 4 for TM9/TM10. For TM8, the number of MIMO layers are up to 2. 
With the shorter TTI, it is expected the channel bits per TTI is reduced. However, RAN1 has not introduced new TBS table instead they agreed to apply the TBS scaling factor 0.5 for slot-based PDSCH and 1/6 (=0.167) for subslot-based PDSCH transmission to the existing TBS value. 
sTTI also supports carrier aggregation with different TTI configurations such as subslot-based PDSCH and slot-based PDSCH, as well as CA subslot+subslot and CA slot+slot. 
Proposal 2: PDSCH demodulation requirements verify TM3 dual layer, TM4 single layer, and TM9 single layer for single carrier, considering the test coverage and RAN4 workload.
Proposal 3: HARQ-ACK transmission timing and the number of HARQ processes depends on the UE capability (ProcessingTimelineSet).
3.3	HARQ process sharing
According to the RAN1 specification, UE configured with sTTI should still receive legacy 1ms-based PDSCH according to DCI. When the network schedules 1ms-based PDSCH and slot/subslot-based PDSCH, it allows to share the same HARQ process between different TTI transmissions. Figure 2 illustrates an example of HARQ process sharing between 1ms-based PDSCH transmission and slot-based. In this example, the network schedules 1ms-based PDSCH with HARQ ID n in subframe k, but UE cannot decode it and returns NACK to the network. In slot 0 in subframe k’, the network re-transmits the HARQ ID n with slot-based PDSCH. Note there is a limitation for the HARQ process sharing between different TTI-based transmission; the (re)transmitted transmit block size should be equal or smaller than that configured for slot/subslot-based PDSCH.
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[bookmark: _Ref506388024]Figure 2	HARQ process sharing between 1ms-based PDSCH and slot-based PDSCH
Since the network configures sTTI on top of the 1ms-based TTI, we think this happens quite often. It is therefore interesting to verify the HARQ process sharing. Since RAN4 demodulation test uses fixed scheduling configuration, the possible setup is to use 1ms-based transmission in SF#0 because this subframe transmits PSS/SSS/PBCH and therefore the number of available channel bits is smaller than other subframes. Then other subframes, e.g., SFs 1, 2, 3, 4, 6, 7, 8, and 9, configure the slot/subslot-based transmission. By keeping the same TBS and coding rate, we think RAN4 can set the requirement (SNR for 70% max Tput) based only on the slot/subslot-based transmission simulation. 
Proposal 4: PDSCH demodulation requirements verify the HARQ process sharing between 1ms-based transmission and slot-based/subslot-based transmission. 

3.4	Rate matching mode
As we discussed in [6], PDSCH supports several rate matching modes. Since the available binary channel bits for PDSCH depends on the rate matching mode, we propose to verify several RRC-based and L1-based the rate matching modes. 
Proposal 5: PDSCH demodulation requirements verify the RRC-based and L1-based rate matching modes. 
[bookmark: _Ref352176984]3	Proposals
Observation 1: Short processing time for 1ms TTI does not impact to UE demodulation requirements. 
Proposal 1: Introduce new PDSCH demodulation requirements with subslot-based PDSCH for FDD and slot-based PDSCH for FDD/TDD. The applicability depends on the UE capability. 
Proposal 2: PDSCH demodulation requirements verify TM3 dual layer, TM4 single layer, and TM9 single layer for single carrier, considering the test coverage and RAN4 workload.
Proposal 3: HARQ-ACK transmission timing and the number of HARQ processes depends on the UE capability (ProcessingTimelineSet).
Proposal 4: PDSCH demodulation requirements verify the HARQ process sharing between 1ms-based transmission and slot-based/subslot-based transmission.
Proposal 5: PDSCH demodulation requirements verify the RRC-based and L1-based rate matching modes. 
Proposal 6: RAN4 will introduce the following test cases for slot-based/subslot-based PDSCH demodulation requirements. The detailed parameters such as MCS and channel condition should be discussed further. 
	
	Test 1
	Test 2
	Test 3

	TTI length (Note 1)
	Slot-based / Subslot-based
	Slot-based / Subslot-based
	Slot-based / Subslot-based

	Transmission modes
	TM3 dual layer
	TM4 single layer
	TM9 single layer

	MCS
	16QAM 1/2
	64QAM 1/2
	QPSK 1/3

	Duplex mode (Note 2)
	FDD / TDD
	FDD / TDD
	FDD / TDD

	Propagation channel
	EVA70
	EVA5
	EVA5

	Antenna configuration
	2x2 Low
	2x2 Low
	2x2 Low

	Evaluation criteria
	70% of Max Tput
	70% of Max Tput
	70% of Max Tput

	Note 1: sTTI PDSCH demodulation requirements should be specified for both slot-based and subslot-based. Applicability is based on the UE capability.
Note 2: TDD is applicable for slot-based PDSCH demodulation only.
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