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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
· A UE is expected to handle the following cases in the same carrier in a subframe 

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)

· FFS between:

· Alt 1: A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier

· Alt 2: If the UE is scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier, then it may skip the decoding of one of them (FFS rules for determining which one)

· Alt 3: A UE is expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier

· FFS UE behaviour in case of being scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously with legacy TTI non-unicast PDSCH (except FFS for SC-PTM) on the same carrier 

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or (depends on outcome of FFS above) short TTI PDSCH unicast

· 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 

In this contribution, we will analyze and give our views on TTI length. 
2 Discussion on different TTI lengths

In RAN1#84 meeting, it was agreed that different TTI lengths for DL and UL can be studied. In this section, we will analyze TTI lengths for UL and DL respectively.
2.1 TTI length of sPDSCH
In order to reduce package delay and improve user perceived throughput, TTI length of data channel plays a key role. Moreover the coverage of short TTI transmission is similar with that of legacy TTI transmission, assuming that the TBS is linearly scaled with the TTI length. Therefore, TTI length of sPDSCH should be chosen mainly to reduce latency and improve user perceived throughput. According to [2,8], in most cases, in the favourable situations for TTI shortening, gains are larger with TTI lengths shorter than 7 OFDM symbols (OS).Thus, 2-symbol TTI and 4(3)-symbol TTI shall be prioritized.
For 2-symbol TTI and 4(3)-symbol TTI, sPDCCH and new DL DMRS need to be introduced. As discussed in [3], for fast sPDCCH decoding and sPDSCH demodulation, sPDCCH should be placed in the first one or two symbols within a sTTI. Hence, there is no major additional specification impact to support both 2-symbol and 4(3)-symbol TTI from sPDCCH design perspective. Furthermore, as discussed in [4], the same DL DMRS pattern can also be applied to 2-symbol TTI and 4(3)-symbol TTIs. 
One benefit of 4(3)-symbol TTI over 2-symbol TTI is on the amount of HARQ-ACK feedback payload. Since the number of s-TTIs in a 1ms duration is smaller for 4(3)-symbol TTI than 2-symbol TTI, the HARQ-ACK payload size is also smaller for 4(3)-symbol TTI, which improves the HARQ-ACK coverage.
Proposal 1: For sPDSCH, 2-symbol TTI and 4(3)-symbol TTI are supported.
2.2 TTI length of sPUSCH
Since PUSCH TBS can be adjusted according to the UL channel state, the coverage for sPUSCH transmission can be assumed the same as that of legacy TTI. Similarly, the TTI length of sPUSCH should be chosen based on latency and user perceived throughput. 
Similar to DL sTTI duration, 2-symbol TTI and 4(3)-symbol TTI for sPUSCH is preferable from latency and user perceived throughput perspectives. However, in order to keep UL single carrier property, method to reduce the UL DMRS overhead needs to be considered at least for sPUSCH with 2-symbol TTI. One possibility is that UL DMRS is shared among sPUSCH transmitted in multiple sTTIs. Given this possibility of UL DMRS overhead reduction, it can easily support both 2-symbol and 4(3)-symbol sPUSCH.
Proposal 2: For sPUSCH, 2-symbol TTI and 4(3)-symbol TTI are supported.
2.3 TTI length of sPUCCH

To achieve the lowest latency, 2-symbol sPUCCH should be supported. When UL single carrier property is kept for sPUCCH, it is difficult to support frequency hopping within a 2-symbol sPUCCH. It is noted that coverage is an important consideration for UL control channels. Therefore, it is necessary to support sPUCCH of a sTTI duration larger than 2 symbols, e.g. 4(3)-symbol sPUCCH. With 4(3)-symbol sPUCCH, frequency hopping can be supported which improves the sPUCCH coverage. Furthermore, due to higher transmission power with 4(3)-symbol TTI compared to 2-symbol TTI, the sPUCCH coverage is further improved.  
Proposal 3: For sPUCCH, 2-symbol TTI and 4(3)-symbol TTI are supported.
3 Multiplexing of 1ms TTI and short TTI
In [6], the parameter “scptm-ParallelReception-r13” defines whether a SC-PTM capable UE can support the parallel reception of DL-SCH transport block(s) associated with G-RNTI/SC-RNTI and DL-SCH transport block(s) associated with C-RNTI/SPS C-RNTI as well as the parallel reception of multiple DL-SCH transport blocks associated with G-RNTI/SC-RNTI in the same subframe. Therefore, for a UE supporting parallel reception of SC-PTM and unicast PDSCH, receiving legacy TTI SC-PTM and short TTI unicast PDSCH should be supported, otherwise not be supported.
Proposal 4: A UE that supports parallel reception of SC-PTM and unicast PDSCH can receive legacy TTI SC-PTM and short TTI unicast PDSCH simultaneously on one carrier.
In the existing specification, a UE does not support more than one unicast PDSCH on one carrier. As discussed in SC-PTM, whether to support simultaneous reception capability depends on the UE capability. It is feasible for certain UEs such as CA capable UE to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier, with extra standardization and implementation work, but it may not be feasible to expect that all UEs can support the simultaneous reception. 
In addition, if the UE supports CA, both legacy TTI unicast PDSCH and short TTI unicast PDSCH can be scheduled on different carriers. Then critical service and non-critical service can be supported simultaneously.

Proposal 5: Whether a UE can receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier depends on UE capability.
Proposal 6: A UE can receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on different carriers.
4 Discussion on variable TTI length 
To provide flexibility for eNB, variable TTI length can be considered. eNB can configure TTI length adaptively based on coverage, service type, network topology and UE position, etc. However, to avoid too complicated implementation, the switching should be at a subframe level at least. TTI length can be signaled by cell-specific or UE-specific physical signaling. If two-level DCI is supported [7], TTI length can be signaled by the first-level DCI.

The motivation for receiving sPDSCHs with different short TTI lengths simultaneously in one subframe on one carrier is unclear, considering that there are still extra standardization efforts and implementation work, it is thus proposed not to supported receiving sPDSCHs with different short TTI lengths simultaneously in one subframe on one carrier. However, if the UE supports CA,it is feasible to support sPDSCHs with different short TTI lengths on different carriers.
Proposal 7: Simultaneous reception of sPDSCHs with different short TTI lengths in one subframe on one carrier is not supported.
Proposal 8: Simultaneous reception of sPDSCHs with different short TTI lengths on different carriers is supported.
5 Handling of small system bandwidth
Short TTI is not suitable for the system with smaller bandwidth.  The shorter the TTI, the larger bandwidth is needed to show the performance gain compared to existing 1ms TTI. For example, if system bandwidth is 6RBs and one CCE occupies 36REs, sPDCCH (PDCCH for short TTI) with CCE aggregation level 1/2/4/8 corresponds to 7%/14%/29%/57% of all REs in a 0.5ms TTI. For shorter than 0.5ms TTI, the percentage of RE occupied by sPDCCH can be larger. In addition, if frequency multiplexing between 1ms TTI and short TTI is supported, it is expected that less than 6 RBs can be available for short TTI when system bandwidth is 6RBs, the percentage of RE occupied by sPDCCH will be even larger. 

Considering larger PDCCH overhead and smaller TBS with lower coding gain, there therefore may be no performance gain and even negative gain introduced by short TTI.
Proposal 9: Short TTI is not supported for the system bandwidth smaller than xMHz. FFS on the value of x.
6 sTTI index within a subframe
To describe HARQ timing or scheduling timing conveniently, subframe structure needs to be modified. A subframe can include several sTTIs and the sTTI index within a subframe should be defined. Some examples are shown in Figure 2.
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Figure 2 sTTI index within a subframe
7 Conclusion

In this paper, some proposals on TTI lengths are given:
Proposal 1: For sPDSCH, 2-symbol TTI and 4(3)-symbol TTI are supported.
Proposal 2: For sPUSCH, 2-symbol TTI and 4(3)-symbol TTI are supported.
Proposal 3: For sPUCCH, 2-symbol TTI, and 4(3)-symbol TTI can be supported.
Proposal 4: A UE that supports parallel reception of SC-PTM and unicast PDSCH can receive legacy TTI SC-PTM and short TTI unicast PDSCH simultaneously on one carrier.

Proposal 5: Whether a UE can receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier depends on UE capability.

Proposal 6: A UE can receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on different carriers.
Proposal 7: Simultaneous reception of sPDSCHs with different short TTI lengths in one subframe on one carrier is not supported.
Proposal 8: Simultaneous reception of sPDSCHs with different short TTI lengths on different carriers is supported.
Proposal 9: Short TTI is not supported for the system bandwidth smaller than xMhz. FFS on the value of x.
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