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1
Introduction
In Rel-13, a study item on latency reduction in LTE was approved, and was first carried out in RAN2. In this document, we outline and discuss physical layer aspects of supporting low latency operation.
2
Discussion
In Rel-13, a study item on latency reduction in LTE was approved. This study item was started in RAN2 first, followed by RAN1’s involvement. In particular, RAN1 is tasked to study topics such as TTI shortening and reduced processing times, which is the focus of this contribution. 
In this contribution, we will discuss the following issues:

· Backward compatibility and Impact to Legacy Operation
· TTI length reduction and HARQ operation 

· Reference signal design 

· TDD Specific Design

· CSI feedback

· Uplink Waveform Considerations
2.1
Backward Compatibility and Impact to Legacy Operation
For this study item, it is important that the low latency implementation remains backward compatible with the existing LTE structure. The existing numerology such as tone spacing, symbol duration, normal/extended CP durations should all be kept intact in the new design. 
It is also important to target supporting the new low latency based operation in all possible symbols, including the ones in the legacy control region, and the ones containing CRS. It is noted that, however, for TDD, there will be some legacy constraints preventing operating low latency operation in all symbols, which will be discussed later.
In addition to supporting the new low latency operation, the new UEs are also expected to follow existing procedures when possible. In particular, the new UEs may need to handle legacy operations and the new shortened TTI based operations. However, this doesn’t imply that we should exclude an enhancement to the existing procedure if it can bring significant improvement in performance 
An overriding assumption on the low latency study item is that coexistence of both low latency and legacy users is ensured. Additionally, consideration should be given to methods that reduce the impact of the low latency users on both the scheduling flexibility and the operational performance of the legacy users. When possible, eNB operational changes should be considered as a first alternative to solving these coexistence issues prior to employing specific standards changes.  

· Proposal 1: Target low latency operation in all symbols when possible, based on existing numerology and as much as possible existing procedures, unless significant benefits can be shown. Impact on legacy users should also be considered.
2.2
TTI Length Reduction and HARQ Operation

One particular issue in this SI is the reduced TTI length. Obviously, different TTI lengths will offer different amount of over-the-air latency reduction. A 1-symbol based TTI brings 14 times or 12 times latency reduction, depending the CP length. Such amount is reduced by half if a 2-symbol TTI is used. If the TTI length is on a per slot basis, only a factor of 2 can be achieved in latency reduction. As shown in [1], one-symbol based TTI results in significant performance benefits compared with the legacy 1-ms based TTI and 1-slot based TTI. 

On the other hand, it is noted that reducing TTI length in UL may significantly impact uplink link budget. This is different from DL, wherein a shorter TTI doesn’t necessarily translate into a reduced coverage. It is also worth mentioning that it is generally expected to have DL-heavy traffic in practice. The need for reducing latency in DL may thus be more pronounced. As a result, it may be necessary to consider the possibility of having a different TTI length configured for a UE.
Another challenge is control channel design. In order to ensure low latency operation, it is necessary to have a control channel accompanying with the corresponding data channel in the same reduced TTI. Such self-contained control is an important aspect for low latency operation.

· Propose 2: Target >10 times OTA latency reduction, with the possibility of different TTI lengths in DL and UL configured for a UE. Self-contained control is necessary of low-latency operations.
Shortening TTI will also raise the question of enhanced HARQ operation. One natural way of cutting down the turnaround time of the HARQ operation is to have proportional down-scale. As an example, assuming 1-symbol TTI, l instead of 8ms RTT as in the current LTE, a 8-symbol HARQ RTT may be defined, as shown in Figure 1. However, it is noted that the detailed HARQ RTT operation needs more careful study, especially considering potential processing limitations at the UE side.
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Figure 1: One example of proportional scaling of HARQ RTT under 1-symbol TTI
2.3
Reference Signal Design

For the low latency design, aspects of both the downlink and uplink reference signal need to be studied. For the downlink, CRS-based demodulation is expected to have less specification and performance impact, and should be supported. A DM-RS based design in the DL can additionally be included but more careful study is necessary. 
For the uplink, a preconfigured DM-RS waveform embedded within an uplink data allocation may not be feasible. Consideration should be given to more dynamic DM-RS placement to strike a balance of uplink overhead and demodulation performance.

· Proposal 3: The low latency design for the downlink should focus on a CRS-based design. A downlink DM-RS based design may additionally be considered. A new design of the uplink DM-RS signal is necessary taking into account overhead and demodulation performance
2.4
TDD Specific Design
The low latency design should consider both FDD and TDD modes of operation. The design should be such that commonality should be maximized. However, it is noted that due to different backward compatibility constraints in FDD and TDD, particularly the need to minimize impact on legacy operation, some TDD specific issues need to be addressed. As an example, in a downlink subframe indicated by SIB1, the CRS symbols should still be maintained and cannot be reused for uplink operation with a shortened TTI. Detailed study on TDD specific issues is necessary. 
· Proposal 4: Low latency operation should be supported for FDD and TDD, aiming for maximum commonality in design. More detailed study on TDD specific issues is also necessary.
2.5
CSI Feedback

The performance of the low latency design is tightly coupled to faster turnaround on the CSI feedback. As shown in [1], fast CSI turnaround can significantly improve system performance. To support CSI feedback, more study is necessary especially regarding the following:

· How to handle the increased CSI processing need at the UE side

· How to manage UL overhead incurred to potentially more frequency CSI transmission

To sum up, we propose
· Proposal 5: Fast CSI feedback is an integral part of low latency operation. More detailed study is necessary especially with respect to the involved overhead and processing.
2.6
Uplink Waveform Considerations

For any new uplink channel design, consideration should be given to maintaining acceptable PAPR on the waveform to ensure that the overall design meets adequate link budget targets. The designs should consider both SCFDMA as well as non-SCFDMA alternatives for the uplink channel designs while maintaining that the resulting design meets PAPR target requirements.

· Proposal 6: Uplink design should target PAPR similar to that of SC-FDMA.
3
Conclusions 
Based on the discussion presented in the paper, we outlined specific issues that need to be considered for the low latency operation. In particular, we propose:
· Proposal 1: Target low latency operation in all symbols when possible, based on existing numerology and as much as possible existing procedures, unless significant benefits can be shown. Impact on legacy users should also be considered.

· Propose 2: Target >10 times OTA latency reduction, with the possibility of different TTI lengths in DL and UL configured for a UE. Self-contained control is necessary of low-latency operations.

· Proposal 3: The low latency design for the downlink should focus on a CRS-based design. A downlink DM-RS based design may additionally be considered. A new design of the uplink DM-RS signal is necessary taking into account overhead and demodulation performance
· Proposal 4: Low latency operation should be supported for FDD and TDD, aiming for maximum commonality in design. More detailed study on TDD specific issues is also necessary.
· Proposal 5: Fast CSI feedback is an integral part of low latency operation. More detailed study is necessary especially with respect to the involved overhead and processing.
· Proposal 6: Uplink design should target PAPR similar to that of SC-FDM.
4


References 

[1] R1-157083, Evaluation results, Qualcomm Inc.
PAGE  
1/4

_1508154855.vsd
vPDCCH/vPDSCH


vPDCCH/vPDSCH



