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1 Introduction

In the RAN#67 meeting, the Study Item on “Study on Latency reduction techniques for LTE” was approved [1]. For RAN1, TTI shortening and reduced processing times should be studied:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);

In RAN1#84b meeting, it was agreed that

· Working assumption

· 1-OFDM-symbol sTTI length will not be further studied
In RAN1#84 meeting, it was agreed that
· TTI length for DL and UL can be different.
In this contribution, we will discuss scheduling timing for PUSCH and UL retransmission.
2 Scheduling timing for PUSCH
As discussed in [2], sPDCCH (short PDCCH) can be used to schedule short TTI packet data. Since sPDCCH may be placed in data region, whether the TTI lengths for sPDSCH and sPUSCH are same or not will impact scheduling timing for sPUSCH. Note that UL scheduling timing described in this section is only applied for FDD.
2.1 Same TTI lengths for PDSCH and PUSCH
In the case of same TTI lengths for sPDSCH and sPUSCH, UL scheduling timing is simple. For an UL Grant in sTTI i of subframe n, its scheduled PUSCH is transmitted in sTTI j of subframe n+k. The value of k, i and j depend on the process time of UE. If we assume UE and eNB processing time scales with the TTI length, PUSCH is transmitted 4 TTIs after its UL Grant is sent. Two examples are shown in Figure 1 and Figure 2.
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Figure 2 Scheduling timing for 4 or 3-symbol TTI (FDD)
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Figure 3 Scheduling timing for 2-symbol TTI (FDD)
2.2 Different TTI lengths for sPDSCH and sPUSCH

In RAN1#84 meeting, it was agreed that TTI length for DL and UL can be different. In this case, current UL scheduling timing rules are not suitable. For an UL Grant in DL sTTI i of subframe n, its scheduled PUSCH is transmitted in UL sTTI j of subframe n+k, where the length of DL sTTI i can be different from the length of UL sTTI j. Two options can be considered: 
· One option is that UL Grants are only transmitted in some of DL TTIs within a subframe. An example is shown in Figure 3 and Table 1.
Table 1 Scheduling timing for 2-symbol DL sTTI and 4(3)-symbol UL sTTI (FDD)

	UL Grant in DL sTTI i of subframe n
	PUSCH in UL sTTI j of subframe n+1

	i =0
	j =0

	i =2
	j =1

	i =3
	j =2

	i =5
	j =3
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Figure 3 Scheduling timing for 2-symbol DL sTTI and 4(3)-symbol UL sTTI (FDD)

· The other option is that UL Grants can be transmitted in any DL TTI within a subframe. With this method, UL Grant can be configured more flexibly. An example is shown in Figure 4 and Table 2.
Table 2 Scheduling timing for 2-symbol DL sTTI and 4(3)-symbol UL sTTI (FDD)

	UL Grant in DL sTTI i of subframe n
	PUSCH in UL sTTI j of subframe n+1

	i =0
	j =0

	i =1, 2
	j =1

	i =3, 4
	j =2

	i =5, 6
	j =3
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Figure 4 Scheduling timing for 2-symbol DL sTTI and 4(3)-symbol UL sTTI (FDD)
Proposal：For an UL Grant in DL sTTI i of subframe n, its scheduled PUSCH is transmitted in UL sTTI j of subframe n+k, where the length of DL sTTI i can be equal to or different from the length of UL sTTI j.
3 Conclusion

In this paper, we discuss short TTI for UL transmission and give our observation and proposals:

Proposal：For an UL Grant in DL sTTI i of subframe n, its scheduled PUSCH is transmitted in UL sTTI j of subframe n+k, where the length of DL sTTI i can be equal to or different from the length of UL sTTI j.
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