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Discussion and Decision
1. Introduction
Based on the outcome of RAN#67 captured in the SI description in RP-150465, the following items have been identified specifically for RAN1 studies on TTI shortening and reduced processing times:

· 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#83, the simulation assumptions for system-level and link-level evaluations have been agreed [4]. In this contribution, we present our views and considerations for shortened TTI (sTTI) on scenarios, sTTI length and coexistence with legacy TTI operation. Our considerations with respect to required DL and UL physical layer enhancements, HARQ enhancements, TDD enhancements, and system-level evaluation of TTI shortening are part of the companion contributions [5][6][7]
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[8][9][10] and [11]. 
2. Discussion  
The transmission time interval (TTI) is a fundamental parameter of the air interface and it refers to the length of an independently decodable transmission on the radio link. When looking back in the history of TTI evolution, the shortest TTI length in 3GPP Rel-99 is 10ms and the TTI length of 20 ms, 40 ms or 80 ms is also supported. In UMTS Rel-5, shorter TTI for HSDPA was introduced and reduced to 2ms. For LTE a fixed TTI length of 1 ms with 12/14 OFDM or SC-FDMA symbols has been introduced balancing the tradeoff between the signaling overhead and efficiency. Now as described in the SID of RP-150465, a reduced number of symbols per TTI is proposed for the purpose of latency reduction while assuming the same OFDM/SC-FDMA symbol duration. In other words, shortened TTI contains a lower number of symbols per TTI than legacy TTI. 
2.1. Considerations on relevant deployment scenarios for shorter TTI design
Practically, not all the UEs in a cell would get the full benefit from the shorter TTI (sTTI) operation. With shorter TTI in the uplink, the uplink coverage will be impacted due to the limited transmission power in the LTE uplink. Especially in the macro cell scenario, the performance of cell-edge UE will be impacted with sTTI whereas in small cell scenarios this will be of minor relevance. Nevertheless, we think that sTTI should be applicable and operate reasonably in all deployments scenarios considered in 3GPP. Correspondingly, we see that both macro cell, especially Case 1 (as also investigated in RAN2), and Hetnet scenarios need to be considered in the sTTI design, and target that shorter TTI design provides reasonable gains in these scenarios.  

Proposal-1: Reasonable shorter TTI performance should be achieved both in macro cell scenarios and Hetnet scenarios.
2.2. Considerations on duplex modes with shorter TTI

As stated in the SID, both FDD and TDD duplex modes need to be considered in the latency studies. Some latency components can be scaled linearly according to TTI length similarly in both FDD and TDD. On the other hand, there are some additional latency components in TDD mode (compared to FDD), such as frame alignment time, caused by the fact that TDD based on half-duplex technology has limited opportunities for link direction switching between DL and UL. Those latency components cannot be reduced considerably without introducing additional switching opportunities (special subframes) in the radio frame. 

Backwards compatibility is a specific issue to consider in TDD mode. Introduction of additional special subframes involves quite similar limitations due to legacy UEs than introduction of dynamic TDD configuration in Rel-12 eIMTA. For example, due to legacy UE’s RRM measurements, DL subframes (or at least CRS part) cannot be used as UL for sTTI UEs. One approach for achieving attractive latency reduction in TDD mode is to define a new TDD configuration based on sTTI length of about one slot and having more than two special subframes in the radio frame. We consider TDD-specific aspects in more details in [11].
Observation-1: Shorter TTI involves also TDD-specific aspects. 

2.3. Considerations on shorter TTI length
In the current LTE subframe structure, the legacy 14-symbol TTI for normal CP is evenly divided into two slots containing 7 symbols each. In Figure 1, the sTTI length of different number of symbols (i.e. 1-7 symbols per TTI) is shown below. 
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Figure-1: Timing of Different Number of Symbols per shorter TTI

Practically, the support for all possible 7 cases (1 to 7 symbol) would complicate the sTTI design and seems to be unnecessary. Moreover, it is clearly of advantage to have the new sTTI length to be an integer fraction of the legacy TTI length, i.e. an integer number of sTTI’s fitting within 1ms. This will simplify system operation/implementation and specification regarding the needed backward compatibility operation on a single LTE carrier. From this perspective, the considered candidate sTTI lengths should be limited to 1, 2 and 7 OFDM symbols.
Proposal-2: Consider only shorter TTI lengths, where multiple integer of the sTTI length results in the legacy TTI length of 1ms. 
Based on the study outcome in RAN2 captured in [1], the general performance trend is that the shorter the TTI, the better is the observed performance for constant overhead with further reduced RTT, assuming the HARQ-ACK timing to be linearly scaled with the sTTI length (i.e. fixed HARQ-ACK relation in terms of number of (s)TTIs). On the other hand, the shorter the TTI, the wider is the required bandwidth for transmission of a certain payload size. This will clearly complicate the system operation and affect the multiplexing efficiency with legacy UEs. Furthermore, as stated above, the uplink coverage will reduce dramatically with very short TTI. As shown in [3] assuming constant overhead, the 1-symbol sTTI case has quite limited performance gain over 2-symbol sTTI. Moreover, a very large specification impact to both DL and UL is expected by additionally introducing the 1-symbol sTTI option. Therefore, we are not in favor of considering the sTTI length of 1-symbol.

Moreover, practically with shorter TTI, there will be added overheads from both L1 and L2 perspective. In L2 with sTTI, the smaller segmentation of transmission packet payload causes more added overhead of MAC PDU header. And in L1 with sTTI, the portion or percentage of physical layer overhead, especially control channel and DM-RS overheads, is also increased with the reduced number of available transmission symbols. So generally, with shorter TTI, a higher overhead is expected, which will further impact the performance gain of sTTI.
Comparing the 7-symbol and 2-symbol case of sTTI as discussed in [2], the 7-symbol sTTI has clearly less standardization impact to the RAN1 specifications. It is therefore preferred to take the step-wise design approach in RAN1 discussions with focus on 7-symbol sTTI case first, and then potentially the 2-symbol sTTI case in the next step.

In all the related investigations, the sTTI will only reduce the RTT in case the data processing time can be also reduced (e.g. by keeping the HARQ-ACK processing constant in multiples of the (s)TTI length). Especially for the shortest sTTI’s this might not be easily possible. This is another reason to consider the slot based TTI case as the more relevant one.
Proposal-3: Focus the discussions firstly on the 7-symbol/slot sTTI case and secondly the 2-symbol sTTI case.
2.4. Considerations on shorter TTI multiplexing
To maintain backward compatibility with legacy TTIs operated in the same carrier, shorter TTI can be frequency multiplexed with the legacy TTI through eNB scheduling. In Figure-2, the multiplexing operation of 7-symbol sTTI with the legacy TTI is shown as an example.
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Figure-2: Schematic of sTTI operation
Generally speaking, sTTI operation could be configured via RRC-signaling for an sTTI capable UE. As shown in Figure-2, a UE configured in sTTI mode and the legacy mode UE could follow their own resource allocations via DCI indication carried on the downlink control channel. The eNB can decide the scheduling of the resources between the shorter and legacy TTI by considering for example the cell load conditions. 
Proposal-4: Shorter TTI transmission supports frequency multiplexing with a legacy TTI transmission, excluding the legacy PDCCH region for the DL direction.  
For a UE configured in sTTI mode, it should also be possible to switch between the sTTI and legacy TTI operation. Due to the sTTI coverage limitation, a fallback to legacy TTI operation should also be supported simply for reliability reasons. How to enable a UE to be scheduled and operated with sTTI and legacy TTI fallback requires further investigations. 
Proposal-5: Support for utilization of sTTI and legacy TTI operation for a single UE is needed, as at least fallback to legacy TTI operation will be required from reliability perspective. Fallback details are FFS.  

4. Conclusions
In this contribution, we discussed generic shortened TTI (sTTI) operation including scenarios, different sTTI lengths as well as sTTI coexistence with legacy TTI operation.
Based on the discussion in here, we bring the following observation and proposals forward:

Observation-1: Shorter TTI involves also TDD-specific aspects. 

Proposal-1: Reasonable shorter TTI performance should be achieved both in macro cell scenarios and Hetnet scenarios.
Proposal-2: Consider only shorter TTI lengths, where multiple integer of the sTTI length results in the legacy TTI length of 1ms. 
Proposal-3: Focus the discussions firstly on the 7-symbol/slot sTTI case and secondly the 2-symbol sTTI case.
Proposal-4: Shorter TTI transmission supports frequency multiplexing with a legacy TTI transmission, excluding the legacy PDCCH region for the DL direction.  
Proposal-5: Support for utilization of sTTI and legacy TTI operation for a single UE is needed, as at least fallback to legacy TTI operation will be required from reliability perspective. Fallback details are FFS.
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