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1 Introduction

In 3GPP RAN #67 meeting, study on Latency reduction techniques for LTE study item was agreed for Release 13 [1]. The study area includes resource efficiency, including air interface capacity, battery lifetime, control channel resources, specification impact and technical feasibility. Both FDD and TDD duplex modes are considered. Specifically, the objectives of the study item are:

· From RAN1#83: TTI shortening and reduced processing times [RAN1]:

· 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);

This contribution discusses the specification issues, especially for uplink, to support shorter TTI length than 1ms for latency reduction. 
2 Uplink issues for TTI shortening
As analyzed in companion contribution [2]，it is preferred that DL and UL have the same length of TTI. Based on these assumptions, some issues related to UL transmission are discussed below.
TDD UL/DL configuration for shorter-TTI PUSCH transmission
The objective of this study item is to reduce the latency by shortening the TTI length. But for some TDD UL/DL configurations, the interval between UL subframes is very large. For example, in the TDD UL/DL configuration 3, 4 and 5 with only one switching point, the smallest interval between PUSCH transmission and the first-coming UL subframe available for PUSCH retransmission is 8ms as shown in Figure 1. In this case, TTI shortening may not be beneficial for latency reduction.
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Figure 1: Interval between UL subframes 
Observation 1: There is TDD UL/DL configurations where TTI shortening may not be beneficial for latency reduction. 

Transmission of HARQ-ACK of shorter-TTI in PUCCH
Based on the objectives of study item, backwards compatibility shall be preserved. So, when we design HARQ-ACK corresponding to shorter TTI, we need to consider the collision with HARQ-ACK corresponding to normal TTI. One option is that the HARQ-ACK of normal-TTI PDSCH and the HARQ-ACK of shorter-TTI PDSCH are transmitted simultaneously in the same subframe on different frequency resources as shown in the left one of Figure 2. By using this method, the HARQ-ACK timing may become simple, but the coverage has to be discussed.  

The other option is that the HARQ-ACK of normal-TTI PDSCH and the HARQ-ACK of shorter-TTI PDSCH are transmitted with TDM manner as shown in the right one of Figure 2. By using this method, the handling of HARQ-ACK timing may become more complex.   
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Figure 2: Two options for PUCCH transmission for normal-TTI and shorter-TTI
Observation 2: RAN1 needs to discuss PUCCH transmission method for shorter-TTI UEs.
Transmission of CSI of shorter-TTI in PUCCH
The resource of PDSCH with normal-TTI and the resource of PDSCH with shorter-TTI are different when the same PRBs are allocated. Therefore, it is needed to study the proper MCS for PDSCH with normal-TTI and PDSCH with shorter-TTI, because the performance of PDSCH with shorter-TTI is worse than that of PDSCH with normal-TTI when same resource and same MCS is assigned to them, as PDSCH with shorter-TTI has less REs to use. 

Observation 3: It is needed to study proper MCS selection method for shorter-TTI PDSCH. 
HARQ-ACK timing for shorter-TTI PUSCH
The specifications now describe PUSCH HARQ-ACK timing based on normal TTI having 1ms duration and PUSCH HARQ-ACK timing is synchronous. That is, the timing about the PUSCH transmission corresponding to UL Grant and the PHICH corresponding to PUSCH transmission is fixed in the specification. In order to keep PUSCH HARQ-ACK timing for shorter TTI also synchronous, RAN1 needs to discuss how to design PUSCH HARQ-ACK timing for shorter TTI.  If PUSCH HARQ timing is asynchronous, the PUSCH retransmission timing of shorter-TTI doesn’t need to be designed, especially for TDD UL/DL configurations. 
Observation 4: RAN1 needs to discuss PUSCH HARQ timing for shorter-TTI UEs.
Power control for shorter-TTI PUSCH
Due to the different TTI length, the performance of PUSCH of normal TTI and shorter-TTI may be different. At least two options can be considered to handle power control for PUSCH. One option is that two sets of PUSCH power control parameters are configured. The other option is that one set of PUSCH power control parameters is configured and a power offset is introduced for shorter-TTI PUSCH format based on the power control parameter for normal-TTI PUSCH format.

Observation 5: RAN1 needs to discuss power control mechanism for shorter-TTI PUSCH.
PUSCH resource allocation for shorter-TTI transmission


As discussed above, eNB/UE processing delay can be reduced when shorter TTI is used. Consequently, for normal-TTI PUSCH transmitted in subframe n, PDCCH/EPDCCH for normal-TTI PUSCH would be transmitted in subframe n-k. On the other hand, for shorter-TTI PUSCH transmitted in subframe n, PDCCH/EPDCCH for shorter-TTI PUSCH would be transmitted in subframe n-k1, k1 < k. An example is shown in Figure 3. If the load of normal UL services is high, then, all the PUSCH resources have been allocated to normal-TTI PUSCH and no resources remained for shorter-TTI PUSCH, therefore, method needed to be discussed to reserve some resources for shorter-TTI PUSCH. Therefore, two options can be considered to share resources for shorter-TTI PUSCH and normal-TTI PUSCH. One option is UL PRBs are semi-static configured for normal-TTI PUSCH transmission and shorter-TTI PUSCH transmission respectively, the resource may be wasted if the rate is not properly balanced to the different types of services.  The other option is UL PRBs are dynamic shared for normal-TTI PUSCH transmission and shorter-TTI PUSCH transmission, because the scheduling decision is made in different instance, the method to handle resource collision between normal-TTI PUSCH and shorter-TTI PUSCH need to be discussed.
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Figure 3: Scheduling timing for normal-TTI PUSCH and shorter-TTI PUSCH
Observation 6: RAN1 needs to discuss UL resource allocation for shorter-TTI PUSCH transmission.
3 Conclusions
In this contribution, we discussed the specification impacts in DL for shorter-TTI UEs, where our proposals and observations can be summarized as below.

Observation 1: There is TDD UL/DL configurations where TTI shortening may not be beneficial for latency reduction. 
Observation 2: RAN1 needs to discuss PUCCH transmission method for shorter-TTI UEs.
Observation 3: It is needed to study proper MCS selection method for shorter-TTI PDSCH. 
Observation 4: RAN1 needs to discuss PUSCH HARQ timing for shorter-TTI UEs.
Observation 5: RAN1 needs to discuss power control mechanism for shorter-TTI PUSCH.
Observation 6: RAN1 needs to discuss UL resource allocation for shorter-TTI PUSCH transmission.
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