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1. Introduction

In this contribution, we discuss latency reduction aspects focusing on TDD. 
2. Discussion

Roughly, the latency of one TCP segment latency can be represented as core delay (A) + HARQ-ACK/SR feedback latency (B) + UL grant latency (C) + PUSCH transmission delay (D) + UE/eNB processing delay (+potentially retransmission latency) as illustrated in Figure 1. 
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Figure 1. Illustration of latency components
If we do not consider any unavailability due to MBSFN subframe or TDD configuration, the overall HARQ-ACK/SR feedback latency (B), UL grant latency (C), PUSCH transmission delay (D), processing delay (E), and retransmission latency (F) would be linearly decreased with shorter TTI size. Roughly, if we assume that 4 * TTIs are used for B, C and D, and 3 * TTIs are used for E, in total 15 * TTIs can be assumed for B + C + D + E (Considering potential retransmission, the total latency can be further increased). Though the latency of one packet becomes smaller as the TCP window size gets larger, yet, the length of TTI could impact the overall latency. In TDD, this delay computation becomes challenging as B, C, D, and F would be decided dependent on TDD DL/UL configurations. For example, if TDD configuration 0 is used, the maximum gap of overall SR/UL grant latency (C) could be larger than 3msec (from a uplink subframe #3 to the next downlink subframe) which may not be further reduced unless downlink short TTIs would be placed in between. Another example is that if TDD configuration 5 is used, the maximum gap of PUSCH transmission can be larger than 8 msec (from subframe #3 to the next radio frame’s first UpPTS) unless uplink short TTIs are placed in between.
Overall, the following approaches can be considered for TDD latency reduction, where each approach offers some potential benefits and drawbacks. 

· Approach 1: Keep legacy switching points between DL and UL and apply short TTIs

· Approach 2: Introduce more DL/UL switching points and apply short TTIs

· Approach 2-1: Introduce DL/UL switching points in non-fixed DL and/or UL subframes

· Approach 2-2: Introduce DL/UL switching points in all subframes
· Approach 2-3: Introduce more UL/UL switching points only in non-fixed UL subframes
Regardless of approach, either semi-static or dynamic change of DL/UL switching points and/or short TTI length needs to be further investigated. 
2.1. Approach 1 – Keep legacy switching points

If the legacy switching points are kept, some of TDD DL/UL configurations (e.g., TDD configuration 0 or 5) would lead potentially large latency regardless of the length of short TTI due to the large value between two available resources for sPDCCH/sPDSCH/sPUCCH/sPUSCH transmissions. However, this approach offers the simplest and cleanest solution as it does not introduce any additional inter-cell interference issue for TTI shortening. To balance uplink and downlink portion, we can consider utilizing TDD DL/UL configuration 1, and assume special subframe configuration is configured with minimum DwPTS length and increase UpPTS region to allow more uplink resources. For the latency, the best and worst latency for B/D would be 4 * sTTIs and 2mec + GP + DwPTS length respectively, and the best and worst latency for C/F would be 1 * sTTIs and 2 msec + UpPTS length respectively as illustrated in Figure 2.
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Figure 2. Illustration of examples of latency values
 In legacy, the best and worst latency of B and D would be 4 msec and 6msec respectively, and the best and worst latency for C and F would be 3msec and 6msec respectively. Roughly, the worst case can be reduced to 50% with introducing short TTIs and the best can be reduced less than 50% if sTTI length becomes less than or equal to 0.25msec. Note that this is just for illustration. Actual reduction would be a bit different if we consider actual scheduling and other aspects. To support Approach 1, HARQ-ACK timing and PUSCH timing need to be investigation which could be somewhat different from FDD case. Otherwise, specification impacts of Approach 1 can be comparable to TTI shortening in FDD. 
2.2. Approach 2 – Introduce more switching points
As discussed, approach 1 may have limitation in terms of achievable latency due to the limited DL/UL switching points in a radio frame. To mitigate this issue, it can be further considered to introduce more switching points in a radio frame compared to legacy DL/UL configurations. To maintain backward compatibility, some constraints including the following list should be considered in this approach. 
· Legacy CRS OFDM symbols should be transmitted in normal downlink and the first two OFDM symbols in MBSFN subframe

· Legacy control region should be maintained in normal downlink and MBSFN subframe

· PSS/SSS should be transmitted

· SIB1 transmission should be guaranteed
· Supporting paging transmissions should be considered
· PRACH resource is reserved
(1) Approach 2-1: Fix a subset of subframes to DL and UL subframes

With those restrictions, one approach is to consider is to fix a subset of DL and UL subframes as fixed DL and UL subframes. For example, subframe #0 and #5 can be fixed as DL subframe and special subframe should be ensured at least 3 OFDM symbols as fixed DL, and subframe #2 can be fixed as UL subframe. 
The overall latency would be dependent on the actual special subframe configurations to allow more DL/UL switching points in each subframe, however, the following can be understood as an example of possible delay with Approach 2-1 with TDD DL/UL configuration 1. 
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Figure 3. Illustration of Approach 2-1
As illustrated in Figure 3, if special subframes are constructed in a way to allow DL/UL switching properly in necessary resource units, the worst case latency of B/D can be reduced to 1 msec + GP + DwPTS and that of C/F can be reduced to 1msec + sTTI length. Compared to Approach 1, the worst case latency can be reduced about 40% whereas the best case could be the same. It is noted that the gap can be different per legacy TDD DL/UL configuration and may also depend on the special subframe configurations for Approach 2-1. 
If Approach 2-1 is supported, at least the following aspects should be further investigated. 

· Special subframe configuration types: depending on the location of subframe, traffic pattern, sTTI length, the required special subframe type in flexible subframe(s) would be different. Considerable works are expected to investigate different special subframe configuration types. 
· Enabling/disabling and changing of special subframe configuration types: due to the potential impacts on the legacy UEs, it would be necessary to allow dynamically enabling of applying special subframe types and/or changing of subframe types. 

· Coexistence evaluation: more importantly, to introduce different UL/DL directions among neighbour cells, coexistence evaluation and mechanisms seem essential.
· HARQ-ACK and sPUSCH timing

As the fixed portion would be around 30% in total (which could be further increased if paging is also considered), the potential performance gains with this approach in consideration of the above listed significant specification impacts should be carefully investigated. 
(2) Approach 2-2: Allow DL/UL switching in every subframe
To further reduce the latency, it can be also considered to allow DL/UL switching in every subframe including subframe #0, #5 and #2. It is however noted that the limited possible candidates of special subframes are possible in those subframes due to legacy signals. For example, in subframe #0, due to PBCH/PSS/SSS/CRS, only OFDM symbol #2 and #3 in the first slot would be available for GP and UpPTS which restricts less than one OFDM symbol GP and one OFDM symbol UpPTS transmission with sPUCCH/sPUSCH. Such changes would affect legacy UE performance, thus, careful investigation on impacts on legacy UEs seems necessary for Approach 2-2. Overall, considering the constraints of this approach, unless considerable gains are demonstrated, this approach may not be prioritized for the study. 
(3) Approach 2-3: Allow DL/UL switching in only non-fixed UL subframes
Given potential interference issue to switch downlink subframe to special subframe containing uplink portion as discussed in eIMTA, one approach is to allow additional DL/UL switching only in uplink subframes assuming the network may apply TDD DL/UL configuration 0 for the fixed downlink subframes. This approach would also have similar specification impacts to Approach 2-1. 
With potential benefits and considerable specification impacts, more performance evaluation and further analysis on specification impacts on different approaches are necessary. As it may be possible that different cells may or may not apply TTI shortening (e.g., Macro cell and small cell are in the co-channel case where small cell applies TTI shortening whereas macro cell does not apply due to legacy UEs), Approach 2 may have limited applicability due to its inter-cell interference. In this sense, it seems natural to first focus on Approach 1 or Approach 2-3 based on the configured DL/UL configuration with potentially reduced downlink power in legacy uplink subframe(s). 
Proposal 1: Focus the mechanism to introduce short TTIs in TDD assuming the followings 

· Short UL TTI is not allowed in a downlink subframe and DwPTS indicated by legacy TDD configuration

· Short DL TTIs can be allowed in uplink subframe(s) which are not configured as PRACH resource by SIB
· Short UL TTIs can be allowed in uplink subframe(s) configured by legacy configuration
· Short DL TTIs can be allowed in downlink subframe and DwPTS configured by legacy TDD configuration
3. Conclusion
We discussed potential approaches to reduce latency in TDD. Based on the discussion, we proposed the followings. 
Proposal 1: Focus the mechanism to introduce short TTIs in TDD assuming the followings 

· Short UL TTI is not allowed in a downlink subframe and DwPTS indicated by legacy TDD configuration

· Short DL TTIs can be allowed in uplink subframe(s) which are not configured as PRACH resource by SIB
· Short UL TTIs can be allowed in uplink subframe(s) configured by legacy configuration
· Short DL TTIs can be allowed in downlink subframe and DwPTS configured by legacy TDD configuration
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