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Background
In RAN1 #84bis, additional subframe type(s) with symbol(s) for downlink transmission, GP and symbol(s) for uplink transmission in a TDD subframe was proposed for latency reduction of TDD [1], [2]. And it was agreed to further evaluation the additional subframe type [3]. In this contribution, we analyze the impacts on TDD operations with the addition subframe type, and evaluated the improvement on latency reduction without modifying existing UL/DL allocation. 
Based on the observations, we recommend RAN1 to evaluate impacts to legacy operations and focus on backward compatible designs in this study, and consider additional subframe types on new TDD bands and new RAT later.
Potential RTT reduction for TDD
For the sTTI design, several lengths are considered, including 2 OFDM symbols, 3 and 4 OFDM symbols and slot based sTTI. With sTTI the potential number of downlink data transmissions is increased, and the potential number of reporting UL TTIs is also increased. The feedback latency may be reduced, e.g. the HARQ-ACK can be reported earlier than what is defined by current association timing. Thus, the main issue is how to reduce the RTT for a sTTI transmission. 
Due to fixed subframe allocation, the feedback has to wait until the next available subframe allocation in TDD. For example, the HARQ-ACK feedback of a sPDSCH can only be reported on the next available UL subframe. For the HARQ-ACK feedback with reduced TTI, a very short TTI may not bring down the feedback delay of a sPDSCH transmission for a TDD serving cell with fixed UL/DL allocation. 
As an example, Figure 1 shows the legacy PDSCH HARQ-ACK association. Figure 2 provides an example of PDSCH HARQ-ACK association with slot sTTI for UL/DL configurations 0, 1 and 2. Table 1 summarizes the average latency for the HARQ-ACK feedback of a DL subframe of legacy TTI and sTTI assuming the PDSCH can be scheduled in all DL subframes. 
As shown in Table 1. The slot based sTTI has no impact on legacy TDD operations, and provides reasonable latency reduction, e.g. reduce the process delay by ~50%. Similarly, the RTT can be reduced to 5ms compared with at least 10ms for legacy TDD operations.
Observation: Significant latency reduction can be achieved with sTTI on TDD UL/DL configurations 0, 1, and 2.  


Figure 1. Legacy PDSCH HARQ-ACK association timing



Figure 2. Example of PDSCH HARQ-ACK association timing with slot based sTTI

Table 1. Average DL subframe latency for HARQ-ACK reporting
	Average Feedback Latency
	Legacy TDD (in ms)
	Slot based S-TTI (in ms)

	Config. 0
	5
	2

	Config. 1
	5.667
	2.667

	Config. 2
	6.25
	3.75


Impacts of additional subframe type on TDD operation
The additional subframe type supports DL transmission, GP and uplink transmission, which can be considered as a new special subframe type. The TDD operation is based on several association timings. If the additional subframe type is introduced into a TDD subframe, it will cause many backward compatibility issues, thus huge impacts on legacy UE operations on the same TDD carrier. 
· For a DL subframe used as additional subframe type
· The subframe has to be configured as a MBSFN subframe for legacy UEs
· No EPDCCH and/or PDSCH can be transmitted for legacy UEs

· For a UL subframe used as additional subframe type
· No PUCCH feedback is possible for legacy UEs. Consequently, it limits the PDSCH transmission on a DL subframes.
· No PUSCH transmission is allowed for the legacy UEs. Consequently, it limits the PUSCH scheduling in a DL subframe.

· If adjacent cells have different transmission directions in some symbols, it will cause many interference issues on both cells. This should be evaluated as in eIMTA study.
Furthermore, there is another ongoing work item on uplink capacity enhancement to support PUSCH transmission in special subframe op top of application of additional SRS transmission [4]. The result of this WI could be a design of new special subframe formats like the additional subframe type proposed for TDD latency reduction. Therefore, it is better to wait until the completion of uplink capacity enhancement WI before introducing new flexible subframe type in TDD. 
Considering the huge impact to legacy TDD operations and potential duplicate effort, we recommend using set 3 in the evaluation assumptions as the baseline in the study of latency reduction for TDD, i.e. keep legacy TDD DL/UL configurations [1]. 
· For SLS/analysis of latency reduction for TDD
· Evaluation sets include at least the followings
· Reference set: Legacy TDD DL/UL configuration with legacy TTI
· Set 3: keep legacy TDD DL/UL configuration
· All downlink subframes are fixed as downlink subframes
· All uplink subframes are fixed as uplink subframes
· Special subframes are fixed as special subframes
Furthermore, based on Observation 1 from Section 2, it is recommended to focus on TDD UL/DL configuration 0, 1, and 2 in TDD latency reduction. 
Proposal 1: Keep legacy TDD UL/DL configuration in sTTI design to avoid impact of legacy TDD operation, and focus on TDD UL/DL configuration 0, 1, and 2.

The additional subframe type provides more switching points in a TDD serving cell, which can reduce the feedback delay compared with fixed UL and DL allocations. However, it incurs huge impacts on legacy TDD operations, and big challenges on the association timing design. However, the additional subframe type should be considered in later stage or future TDD systems, e.g. in new RAT design on new frequency bands operating in TDD modes.
Proposal 2: The additional subframe type should be considered in new RAT design on new frequency bands operating in TDD modes.

Conclusion
In this contribution, we analyze the potential gain of latency reduction for TDD, and impacts of additional subframe type for TDD latency reduction on legacy TDD operation. Based on the analysis, we propose that:
· Proposal 1: Keep legacy TDD UL/DL configuration in sTTI design to avoid impact of legacy TDD operation, and focus on TDD UL/DL configuration 0, 1, and 2.

· Proposal 2: The additional subframe type should be considered in new RAT design on new frequency bands operating in TDD modes.
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