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Discussion and decision
1 Introduction

In RAN#67, the study item on latency reduction was approved [1] with having the objective as
· Study enhancements to the E-UTRAN radio system in order to: 

· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE

· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).  

RAN2 has discussed L2 aspects in order to reduce the latency with evaluation results [2]. The following areas are to be studied in RAN1 in this SI:
· 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 this contribution, we discuss the reduced processing time and the specification issues, especially for downlink, to support short TTI length than 1 ms for latency reduction.  
2 DL issues for TTI shortening 
TTI length 


For short-TTI transmission, either fixed or variable value of the number of OFDM symbols may be available for short TTI length. Figure 1 shows an example of structures of short-TTI for both cases, where the fixed and variable length short-TTI operations are illustrated in Figure 1-(a) and (b), respectively. 
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Figure 1: Example of structures of short TTI for DL

For fixed short TTI length, if the legacy PDCCH region uses the other number of OFDM symbols, for example, 3 OFDM symbols for PDCCH, then it is possible that the first sTTI in each subframe is not used or that the shortened form of the sTTI is used. The fixed short TTI length may enable UEs to be less complex than the variable short TTI length because the processing timing such as channel estimation and control/data channel decoding can be fixed for short TTI transmission. On the other hand, the variable short TTI length enables the eNB to have more flexibility in DL and UL scheduling. For example, when the eNB has enough data to be transmitted, then the eNB can send the data by using slot-TTI instead of 1-symbol TTI. In this case, the information of TTI length may be indicated by the eNB by RRC signaling or L1 signaling. 
Observation 1: Fixed short TTI length enables the UEs to be less complex. 
Observation 2: Variable short TTI length enables the eNB to have more flexibility in scheduling.
Resource allocation in each subframe

There may be several short TTIs in a subframe. For example, 3-symbol TTI has 4 TTIs in Figure 1. One issue about frequency resource allocation for short TTI within a subframe is whether the same resource allocation would be used for a given UE or not. The two options in resource allocation of short TTIs are shown in Figure 2. If a short-TTI UE is allowed to have multiple short-TTI allocated in the same frequency resource in a subframe, the eNB can optimize the resource allocation according to the channel changes. However, in order to utilize the different frequency resources in a subframe for a given short-TTI UE, the eNB needs to send DL control information in every short TTI. This definitely increases the control overhead for DL transmission. The detailed analysis of the control overhead is given in the next part.
Observation 3: If the different frequency resource allocation for a given short-TTI UE within a subframe is allowed, then additional overhead is needed for indication of resource allocation.

Proposal 1: The same frequency resource allocation for a given short-TTI UE within a subframe is used for short-TTI transmission.
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Figure 2: Example of resource allocation for short TTI in a subframe
DL control for short TTI


If every short TTI has its own DL control information having the same size of the legacy DCI formats, then the control overhead would be too large. However, some restriction on scheduling and division of the control channel into two groups can bring control overhead reduction. As illustrated in Figure 3, one group denoted as the first sPDCCH is transmitted once per subframe while another group denoted as the second sPDCCH is transmitted in every short TTI.
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Figure 3: Introduce the first and the second sPDCCHs for short TTI UEs

Suppose that the eNB sends DCI format 1B when FDD, system bandwidth of 50 PRBs and resource allocation type 2 are assumed. Then, the total DL control information becomes 30 bits, where DCI consists of CIF 3 bits, resource allocation field 11 bits, HARQ process number 3 bits, MCS 5 bits, NDI 1 bit, RV 2 bits, PMI confirmation 1 bit, PMI 2 bits and TPC command for PUCCH 2 bits. In this case, let’s assume two DL control channels. If we restrict to utilize the same frequency resource for a given short-TTI UE in a subframe, then CIF 3 bits and resource allocation field 11 bits can be sent by using the first sPDCCH. Additionally, if MCS and PMI are also restricted in the subframe, MCS 5 bits, PMI confirmation 1 bit and PMI 2 bits can be delivered by the first sPDCCH. This is summarized in Table 1.

Table 1: Example of division of DL control information for short TTI

	Legacy PDCCH

(DCI format 1B)

Total 30 bits
	· CIF 3 bits

· resource allocation field 11 bits

· HARQ process number 3 bits

· MCS 5 bits

· NDI 1 bit

· RV 2 bits

· PMI confirmation 1 bit

· PMI 2 bits

· TPC command for PUCCH 2 bits
	(
	First sPDCCH

Total 22 bits
	· CIF 3 bits

· resource allocation field 11 bits

· MCS 5 bits

· PMI confirmation 1 bit

· PMI 2 bits

	
	
	
	Second sPDCCH

Total 8 bits
	· HARQ process number 3 bits

· NDI 1 bit

· RV 2 bits

· TPC command for PUCCH 2 bits


The above method for sPDCCH enables to reduce the DL control overhead as can be seen in Table 1. Moreover, short-TTI UEs need less complexity in sPDCCH decoding. Since the short-TTI UE decodes the second sPDCCH faster in each short TTI, the short-TTI UE can have more time for processing time of HARQ ACK/NACK feedback and UL transmission.
Observation 4: If the same resource allocation is used for a given UE in a subframe, the overhead can be reduced by dividing DL control channel into two kinds of DL control channels.

Proposal 2: To reduce the overhead, two DL control channels for short TTI need to be introduced.
3 Conclusions
In this contribution, we discussed the specification impacts in DL for short TTI UEs, where our proposals and observations can be summarized as below.

Observation 1: Fixed short TTI length enables the UEs to be less complex.
Observation 2: Variable short TTI length enables the eNB to have more flexibility in scheduling.
Observation 3: If the different frequency resource allocation for a given short-TTI UE within a subframe is allowed, the additional overhead is needed for indication of resource allocation.
Observation 4: If the same resource allocation is used for a given UE in a subframe, the overhead can be reduced by dividing DL control channel into two kinds of DL control channels.
Observation 5: RAN1 needs to study the impact of HARQ RTT, UL access scheme, CSI reporting delay on latency.
Proposal 1: The same frequency resource allocation for a given short-TTI UE within a subframe is used for short-TTI transmission.
Proposal 2: To reduce the overhead, two DL control channels for short TTI need to be introduced.
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