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1 Introduction

In the RAN#71 meeting, a WF [1] on clarification of the scope of the study on latency reduction techniques for LTE was approved, which clarifies that the study on latency reduction techniques will focus on both frame structure type 1 and frame structure type 2. In the RAN1#84bis meeting, a WF [2] on TDD mainly for evaluation was agreed. 
The contribution focuses on latency reduction for TDD, and firstly discusses the necessity of enhanced frame structure for latency reduction in TDD, then discusses candidate enhanced frame structure for TDD. Possible deployment scenarios, backward compatibility and potential specification impact based on enhanced frame structure for TDD are also discussed. Performance evaluations and analysis on U-plane latency are provided in our companion contributions [3][4][5][6] and [7], respectively.  
2 Discussion 
2.1 Necessity of enhanced frame structure for TDD 
The latency is determined by several factors with two of them related to frame structure, frame alignment and HARQ RTT [8]. As shown in [7] [9] , under a certain TTI length, the U-plane latency in TDD with the legacy frame structure type 2 is much worse than that in FDD, because both data and control suffer from additional time due to the UL/DL configurations. For example, as shown in [7], the U-plane latency in UL of TDD UL/DL configuration 1 is about 1.5 times and 2.8 times that of FDD when the TTI length is 0.5ms and 2 symbols, respectively. 

In addition, even with shorter TTI and reduced processing time, the U-plane latency in TDD with the legacy frame structure type 2 is limited for a certain UL/DL configuration, even though the TTI length is very short. For example, as shown in [7], even when the TTI length is 2 symbols, the U-plane latency is still very high, e.g. higher than 2ms in UL for TDD configuration 2. However, the U-plane latency in FDD can be very low, e.g. lower than 1ms when the TTI length is 2 symbols.
Latency is one of the important performance metrics and low-latency services would be more and more important for communication system. TDD should aim to meet high requirements as much as possible, which can protect the legacy investment from operators. Therefore, it is necessary to enable low latency in TDD, and the latency in TDD should be close to that in FDD as much as possible. The frame structure for TDD should be enhanced to achieve it. 
Proposal 1: It is recommended that TDD should aim to achieve an average U-plane latency which is close to that in FDD as much as possible. 
2.2 Candidate enhanced frame structures for TDD 
From latency perspective, the big problem for the legacy frame structure type 2 is that uplink transmission is impossible in subframes reserved for downlink and downlink transmission is impossible in subframes reserved for uplink. Therefore, though the TTI can be smaller than the 1ms subframe duration, HARQ RTT and frame alignment cannot be reduced linearly proportional to the reduced TTI and are limited for a certain UL/DL configuration. An alternative to solve this problem is to introduce an additional subframe type which includes symbol(s) for downlink transmission, GP and symbol(s) for uplink transmission. The additional subframe type can further include DL-dominate subframe and UL-dominate subframe as shown in Fig. 1.   
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Fig. 1. Additional subframe type for enhanced frame structure type 2.
DL-dominate subframe is mainly for downlink transmission but also includes a short part for uplink control information and/or PUSCH with short TTI. UL-dominate subframe is mainly for uplink transmission but also includes a short part for downlink control and/or PDSCH with short TTI. In addition, SRS can be transmitted in the short part in subframe type 1 also.
An enhanced frame structure type 2 can be composed of subframes including at least one of the above two additional subframes, and the additional subframe(s) can locate in subframe(s) not corresponding to special subframe(s) in order to achieve more gain of reduced latency and throughput, which means that more Downlink-to-Uplink switching points are needed in a radio frame compared to the legacy UL/DL configurations. As described in [2], both enhanced frame structure set 1 and enhanced frame structure set 2 can be considered, where additional subframe(s) can be placed only in uplink subframe(s) for enhanced frame structure type 2, while for enhanced frame structure set 1, additional subframe(s) can be placed in downlink subframe(s) that can be configured as MBSFN subframe for legacy UEs and uplink subframe(s) that can be replaced with additional subframe, and special subframe(s) can be used as additional subframe(s) for new UEs. Examples for enhanced frame structure set 1 and example for enhanced frame structure set 2 are given in [5] and [6]. 
In addition, the GP location in DL-dominate subframe and UL-dominate subframe can be adjusted based on the latency requirement. Examples are shown in Fig. 2 for enhanced frame structure set 1, where GP configuration 1 can be used for higher requirement on latency in DL and GP configuration 2 can be used for high requirement on latency in both DL and UL. In addition, the GP positions in a radio frame (or the number of additional subframe types in a radio frame) can be flexible to balance the GP overhead and gain, because it can be expected that the GP overhead will increase with the number of additional subframe types in a radio frame. With appropriate GP configuration, much gain still can be achieved even though the GP overhead increases.     
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Fig. 2. Examples of enhanced frame structure type 2 with different GP locations.
Since downlink control and uplink control information can be transmitted in both DL-dominate subframe and UL-dominate subframe, it can be expected that the HARQ RTT can be reduced based on the enhanced frame structure type 2. In addition, since PUSCH transmission is possible in DL-dominate subframe and PDSCH transmission is possible in UL-dominate subframe, frame alignment for both DL and UL can be improved. Therefore, the latency can be further reduced. And it can be expected that more gain of the reduced latency can be achieved with more subframes with additional subframe type, i.e. more Downlink-to-Uplink switching points.  
In addition, except for the benefit for latency reduction, an enhanced frame structure can enable fast SRS transmission and fast CQI feedback to get more gain from MIMO, especially from Massive MIMO, because uplink control information and SRS can be transmitted in DL-dominate subframe also.

U-plane latency for TDD with enhanced frame structure 
U-plane latency for TDD is discussed in [7], where average U-plane latency for examples of enhanced frame structure set 1 and enhanced frame structure set 2 are discussed and compared with the corresponding legacy frame structure type 2. Based on the analysis and discussion in [7], we can see that significant reduction of U-plane latency can be achieved by enhanced frame structure type 2, at least in one direction. And the reduced U-plane latency is much closer to that in FDD compared to that based on legacy frame structure type 2.  For example, for example 2 of enhanced frame structure set 1, as shown in example 2 in Fig. 2, the latency in UL is about 71% and 59% of that in TDD with the legacy frame structure type 2 when the TTI length is 4/3 symbols and 2 symbols, respectively. When the TTI length is 2 symbols, the latency in both UL and DL with the enhanced frame structure type 2 is about 1ms. In addition, based on the analysis in [7], we can also see that the U-plane latency in TDD with both example 1 and example 2 of enhanced frame structure set 1 are much closer to that in FDD.   
Performance evaluation  
In order to further evaluate the performance of shorter TTI from enhanced frame structure type 2, system simulation is performed with the simulation results and assumptions as shown in our companion contribution [3]
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[4][5][6]. As discussed and analyzed in [3], significant DL UPT gain and user packet delay reduction can be achieved by enhanced frames structure type 2. Take enhanced frame structure set 1 for example, when the TTI length is 2-symbol for both enhanced frame structure and the legacy frame structure, up to 34% and 20% UPT gain can be achieved by example 1 and example 2 respectively and up to 48% and 34% delay reduction can be achieved by example 1 and example 2 respectively. Even for CN delay=6ms, up to 29% UPT gain and up to 41% delay reduction can be achieved by example 1. In addition, as shown in [3], the gain is achieved with considering the GP overhead, which means that much gain still can be achieved with appropriate GP configuration.  
Based on the above discussion, we can see that a proper TDD frame structure can provide better frame alignment and HARQ RTT for shorter TTI, and thus bring more latency reduction with reduced TTI. And it is possible to enable lower U-plane latency which is much closer to that in FDD through appropriate GP configuration. And [10] also shows that significant DL latency reduction can be achieved by introducing additional special subframes which includes both symbols for downlink transmission and symbols for uplink transmission. In addition, based on the performance evaluation, we can see that an enhanced frame structure type 2 can provide better performance for both UPT and user packet delay. Therefore, we propose an enhanced frame structure type 2 for latency reduction in TDD. 
Proposal 2: An enhanced frame structure type 2 is recommended to be supported for latency reduction in TDD.
Proposal 3: Additional subframe type with symbol(s) for downlink transmission, GP and symbol(s) for uplink transmission is recommended to be supported for enhanced frame structure type 2.
Proposal 4: Additional subframe can be located in subframe(s) not corresponding to special subframes based on the legacy UL/DL configurations.
2.3 Possible deployment scenarios 
The deployment scenarios for enhanced frame structure type 2 can include both single operator deployment scenarios and multi-operator deployment scenarios. Single operator scenario can include at least isolated cell, multi-cell Pico scenario, multi-cell Macro-Pico scenario and Multi-cell Macro-Macro scenario. For multi-cell scenarios, the operator can align the UL/DL configuration including additional subframe configuration among cells. At least one of the multi-operator scenarios including multi-cell Pico scenario, multi-cell Macro-Pico scenario and Multi-cell Macro-Macro scenario can be considered for enhanced frame structure type 2. For multi-operator scenarios sharing one band, coordination among operators is needed and co-existence issue needs to be considered.  
2.4 Backward compatibility 
As described in [1], backward compatibility should be preserved. For an enhanced frame structure type 2, some legacy subframes need to be kept for legacy UEs. The number of additional subframe types can be configured based on the ratio of legacy UEs and new UEs. From backward compatibility perspective, subframes that can be replaced by an additional subframe include all downlink subframe(s) that can be configured as MBSFN subframe for legacy UEs, uplink subframe(s) that are not reserved for PUCCH feedback and/or PRACH transmission for legacy UEs, and special subframe(s). FFS whether only a subset of the subframes or all the subframes can be replaced by additional subframe.    
Take enhanced frame structure set 1 for example, examples of enhanced frame structure type 2 considering backward compatibility are shown in Fig.3.  New UEs can be scheduled in all subframes with new HARQ timing, while legacy UEs can be scheduled in legacy subframes with legacy HARQ timing.  

[image: image3.emf]First phase: 

Many legacy UEs in system thus more legacy subframes  (90%)

Evolution

D U D U S1 S1 S1 S1 S1 S1

D U D U S1 S1 D D D S1

Second phase: 

Less legacy UEs in system thus less legacy subframes  (60%)


Fig. 3. Examples of enhanced frame structure for backward compatibility.
2.5 Overview of potential specification impact
In this section, we provide our views on the potential specification impact from enhanced frame structure for TDD from latency reduction perspective, and mainly focus on TDD-specific specification impact. 
· Frame structure indication   
An enhanced frame structure for TDD can be composed of subframes including at least one of the above two additional subframe types. The enhanced frame structure needs to be indicated to a new UE. For example, the subframe indexes with additional subframe type in a radio frame and the corresponding subframe type need to be indicated. In addition, if GP location can be adjusted, the allocation of the symbols in a subframe with additional subframe type also needs to be indicated. For example, the number of symbol(s) for the short UL part in DL-dominate subframe and/or the number of symbol(s) for the short DL part in UL-dominate subframe can be signaled. Therefore, scheme for enhanced frame structure indication needs to be specified.      
· TTI shortening for DL transmission 
The HARQ-ACK timing for PDSCH transmission for a new UE based on the enhanced frame structure needs to be discussed and specified. Other potential impact from TTI shortening for DL transmission can be possibly common with FDD, e.g. control channel for PDSCH and reference signal for PDSCH. 
In order to further shorten HARQ RTT, the HARQ-ACK can be transmitted in the short UL part in DL-dominate subframe based on the enhanced frame structure. Therefore, 1 or 2-symbol PUCCH may be needed. Single carrier property should be maintained as much as possible for PUCCH design. 
· TTI shortening for UL transmission 
The HARQ timing for PUSCH transmission for a new UE based on the enhanced frame structure needs to be discussed and specified. Other potential impact from TTI shortening for UL transmission can be possibly common with FDD, e.g. reference signal for PUSCH. 

The above potential impact is analyzed from latency reduction perspective. In addition, as described in section 2.2, the enhanced frame structure can enable fast SRS transmission and fast CQI feedback to get more gain from MIMO, especially Massive MIMO. If fast SRS transmission and fast CQI feedback are supported by the enhanced frame structure, then multiplexing of SRS and PUCCH needs to be discussed also, especially in subframe type 1. For example, scheme for multiplexing SRS and PUCCH while enabling full bandwidth SRS scanning can be considered. 
3 Conclusion

This contribution firstly discusses the necessity of an enhanced frame structure for latency reduction in TDD, and then discusses possible enhanced frame structure for TDD. Backward compatibility and potential specification impact based on enhanced frame structure for TDD are also discussed. 
Based on the discussion, we have the following proposals:

Proposal 1: It is recommended that TDD should aim to achieve an average U-plane latency which is close to that in FDD as much as possible.
Proposal 2: An enhanced frame structure type 2 is recommended to be supported for latency reduction in TDD.
Proposal 3: Additional subframe type with symbol(s) for downlink transmission, GP and symbol(s) for uplink transmission is recommended to be supported for enhanced frame structure type 2.
Proposal 4: Additional subframe can be located in subframe(s) not corresponding to special subframes based on the legacy UL/DL configurations.
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Example 1: Enhanced frame structure with GP configuration 1
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Example 2: Enhanced frame structure with GP configuration 2
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