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1 Introduction

In last meeting [1], the conclusion of PUSCH design for short TTI is as follows:
Agreements:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)

· Dropping/prioritization rules (if any) are FFS 

Working Assumption: 

· 1-OFDM-symbol sTTI length will not be further studied

In this contribution, we will discuss PUSCH design for short TTI.
2 sPUSCH structure
For sPUSCH transmission, 2-symbol TTI shown in Figure 1, 4(3)-symbol TTI shown in Figure 2 and 0.5ms TTI are three candidates:
· For 2-symbol TTI, to keep UL single carrier property, RS will occupy one symbol which will lead to large overhead. Therefore, to reduce RS overhead, as shown in Figure 1, a DMRS can be shared by multiple sTTIs.
· For 4 or 3-symbol TTI, as shown in Figure 2, DMRS is placed in the same symbol as that for 1ms TTI. 
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Figure 1 2-symbol TTI structure for sPUSCH
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Figure 2 4(3)-symbol TTI structure for sPUSCH

· For 0.5ms TTI, the structure of PUSCH and reference signal for 1ms TTI length can be reused, i.e. DMRS can still be in the middle of a slot. 
3 UCI on sPUSCH

According to current specification, if a UE is not configured for simultaneous PUSCH and PUCCH transmission, UCI which includes CQI, RI, PMI and/or HARQ-ACK can be piggybacked on PUSCH if PUSCH is transmitted. Therefore, UCI on sPUSCH should also be studied.
In this section, UCI mapping rules for 2-symbol TTI, 4(3)-symbol TTI and 0.5ms TTI are discussed respectively.
· 2-symbol sPUSCH

As shown in Figure 1, for some sTTIs, one symbol is for DMRS and another symbol is for sPUSCH; for some sTTIs, there is no DMRS and two symbols are for sPUSCH. Therefore, different UCI mapping rules are given for these two 2-symbol PUSCH structures respectively.
There are two methods for UCI and data multiplexing:

· Method 1 shown in  Figure 3
For PUSCH with DMRS, there is only one symbol for sPUSCH, so A/N, CQI and/or RI are mapped in the same symbol. In addition, payload of RI is known in advance for eNB and UE, but HARQ-ACK feedback codebook size may be not consistent for eNB and UE if UE misses some PDCCH, RI should be at the bottom of the symbol and HARQ-ACK is on the top of RI.
For PUSCH without DMRS, as before, RI and A/N can be placed in different symbols. And then the HARQ-ACK feedback is mapped to the symbol close to DMRS. 
· Method 2 shown in  Figure 4
To simply specification and implementation, non-continuous UCI mapping shown in Figure 4 is studied. This method could split the PUSCH resource to four segments. Then the four segments constitute another equivalent structure, which is similar with current specification 36.212, in detail, the data and control multiplexing in section 5.2.2.7 and channel interleaving in section 5.2.2.8 can be reused. Only column set for insertion of HARQ-ACK information and RI should be changed.
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 Figure 3 UCI on 2-symbol PUSCH (method 1)
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(a)  PUSCH with DM-RS                                                    (b) PUSCH without DM-RS
Figure 4 UCI on 2-symbol PUSCH (method 2)
· 4(3)-symbol PUCCH

PUSCH with UCI design should reuse legacy mapping rules as much as possible. For instance, HARQ-ACK information should be mapped to resources around the DMRS to guarantee the HARQ-ACK performance. As shown in Figure 4, UCI mapping is almost the same as that for legacy PUCCH.
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Figure 5 4(3)-symbol PUSCH structure

· 0.5ms PUCCH

As shown in Figure 6, for 0.5ms PUSCH, current mapping rule for 1ms TTI can be reused. 
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Figure 6 7-symbol PUSCH structure 
Proposal 1: UCI on sPUSCH should be studied.
4 TBS on PUSCH
TBS in short TTI should be studied. First, scaling factor for the PRB mapping would be considered when looking up the TBS table. 

· Scheme 1(Proportional scaled TBS): TBS in sTTI is proportional scaled with TTI length. Initial BLER target should be taken into consideration.

· Scheme 2(Aggressive TBS): An aggressive TBS is selected for each 2OS TTI, e.g., the same TBS selected for 1 ms TTI is transmitted on 2 OS TTI without scaling, so the code rate may be higher than 1. Initial BLER target is not considered. 
It is obvious that scheme 2 achieves performance gain from Turbo encoding with large TBS, and counteracting inaccurate SINR/CQI prediction with time diversity due to uncertain neighbor user interference, which therefore would be beneficial to large packet service which is not sensitive to latency. For latency sensitive service or small packet transmission, scaled TBS according to TTI length in scheme 1 is preferred.
Note that if the code rate is much larger than 1, the current 4 redundancy versions may not be enough to make sure that all the information of one TB can be transmitted. One straightforward solution is to increase more redundancy versions to make sure all the information bits of the aggressive transport block can be transmitted on short TTIs.
Here we evaluate the performance of scheme1 with initial BLER in case of legacy TTI length and scheme 2 without initial BLER in case of 2OS TTI transmission. Other simulation assumptions can be found in Table 1 in appendix and simulation results are provided in Figure 7.
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Figure 7: New AMC vs IBLER target AMC

From the simulation results in figure 7, it is observed:
Observation: About 20% gain at medium to high SNR region and above 40% in low SNR region could be achieved from scheme 2 over scheme 1.

Based on the above discussion and observation, it is proposed:

Proposal 2: Both proportional scaled TBS and aggressive TBS for short TTI transmission should be further studied.
5 Conclusion

In this paper, we discuss PUSCH design for short TTI, provide evaluation results for aggressive TBS and we have following observation and proposals:

Proposal 1: UCI on sPUSCH should be studied.
Observation: About 20% gain at medium to high SNR region and above 40% in low SNR region could be achieved from scheme 2 over scheme 1.
Proposal 2: Both proportional scaled TBS and aggressive TBS for short TTI transmission should be further studied.
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Appendix

Table 1:  Simulation assumptions
	Parameter
	Assumption

	Antenna configuration
	1Tx, 2Rx

	UL/DL configuration
	Uplink

	Carrier frequency
	2GHz

	UE speed
	3Km/h

	Number of UEs
	1(target UE) + 3(Interference UE)

	Number of Sectors
	4

	RB number
	12RB(Fixed)

	Channel Type
	ETU

	TTI length
	3/4 symbols

	IoT
	12dB、5dB、3dB for 3 interference users

	Conflict ratio
	30%、40%、50% for 3 interference users

	Maximum Transmission Number
	16 for sTTI, 4 for legacy TTI
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