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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#84 meeting, it was agreed that
· TTI length for DL and UL can be different.
In this contribution, we will discuss TTI length of PUSCH, scheduling timing for PUSCH and UL retransmission.
2 TTI length of PUSCH
For PUSCH transmission, 0.5ms TTI, 4(3)-symbol TTI shown in Figure 1, 2-symbol TTI and 1-symbol TTI are four candidates:
· For 1-symbol TTI, self-contained RS may be introduced which will break UL single carrier property. Therefore, 1-symbol PUSCH is not preferred. 
· For 2-symbol TTI, to keep UL single carrier property, RS will occupy one symbol which will lead to large overhead, so how to reduce RS overhead needs to be studied.
· For 4 or 3-symbol TTI, DMRS is placed in the same symbol as that for 1ms TTI. In [2], it is shown that 4 or 3-symbol TTI and 1ms TTI share the similar performance in all the evaluated scenarios.
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Figure 1 4 or 3-symbol TTI structure for PUSCH

· 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. However, compared to other candidates, UL latency reduction is not obvious. In addition, UL latency may impact DL latency, so DL latency cannot be optimized as small as possible. 
3 Scheduling timing for PUSCH
As discussed in [3], legacy PDCCH and sPDCCH (short PDCCH) can be used to schedule short TTI packet data. Since sPDCCH is placed in PDSCH region, whether the TTI lengths for PDSCH and PUSCH are same or not will impact scheduling timing for PUSCH. Note that UL scheduling timing described in this section is only applied for FDD.
3.1 Same TTI lengths for PDSCH and PUSCH
In the case of same TTI lengths for PDSCH and PUSCH, 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 2 and Figure 3.
· For 4 or 3-symbol PUSCH

Considering backwards compatibility, legacy PDCCH region always exists, so DCI for scheduling packet data in first sTTI (sTTI0) of a subframe can be carried by legacy PDCCH.

As discussed in [3], in order not to delay scheduling, for scheduling other sTTIs, sPDCCH needs to be studied.
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Figure 2 Scheduling timing for 4 or 3-symbol TTI (FDD)
· For 2-symbol PUSCH
DCI for scheduling packet data in fifth sTTI (sTTI4) of a subframe can be carried by legacy PDCCH.

As discussed in [3], for scheduling other sTTIs, sPDCCH needs to be studied.
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Figure 3 Scheduling timing for 2-symbol TTI (FDD)
3.2 Different TTI lengths for PDSCH and PUSCH

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 4 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 4 Scheduling timing for 2-symbol DL sTTI and 4(3)-symbol UL sTTI (FDD)

· Another 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 5 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



[image: image5.emf]sTTI0 sTTI1 sTTI2 sTTI3

subframe

sTTI4 sTTI5 sTTI6

UL Grant

sTTI0 sTTI1 sTTI2 sTTI3

sTTI0 sTTI1 sTTI2 sTTI3

subframe

sTTI4 sTTI5 sTTI6

sTTI0 sTTI1 sTTI2 sTTI3 PUSCH


Figure 5 Scheduling timing for 2-symbol DL sTTI and 4(3)-symbol UL sTTI (FDD)
Proposal 1：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.
4 UL retransmission

Currently, synchronous UL HARQ is adopted in LTE and PHICH can be used to indicate UL retransmission. The motivation of supporting synchronous HARQ is to reduce DL control overhead since PHICH can only indicate UL retransmission and then UL Grant can be saved. For short TTI, if synchronous HARQ is still used, PHICH in sTTI needs to be introduced. Since the number of UEs scheduled in a sTTI is small and there are no enough HARQ indicators multiplexed in a same PHICH group, it may not be worth introducing PHICH in sTTI. In addition, for short TTI, if synchronous HARQ is still used, PUSCH retransmission timing needs to be studied. With synchronous HARQ, eNB can’t schedule retransmission adaptively. For example, with synchronous HARQ, dynamic switch between 1ms TTI and short TTI is hard to be implemented. Therefore, asynchronous UL HARQ can be considered for short TTI. 

If asynchronous UL HARQ  is adopted for short TTI, synchronous UL HARQ should still be used for 1ms TTI since PHICH is still here for legacy UEs.
Proposal 2: Asynchronous UL HARQ can be considered for short TTI, but synchronous UL HARQ is still used for 1ms TTI.
5 Conclusion

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

Proposal 1：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.
Proposal 2: Asynchronous UL HARQ can be considered for short TTI, but synchronous UL HARQ is still used for 1ms TTI.
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