3GPP TSG RAN WG1 Meeting #85  
         R1-165215
Nanjing, China 23th - 27th May 2016
Source:
NTT DOCOMO, INC.
Title:
Further Discussion about TDD Frame Structure for Latency Reduction
Agenda Item:
6.2.10.4
Document for: 
Discussion and Decision
1. Introduction

At the RAN1 #84bis meeting, evaluation/analysis for TDD latency reduction was discussed and the following agreements [1] were reached:
· Evaluation/analysis assumes the following deployment scenarios for TDD 

· Case 1: Single operator owns the entire band

· The operator can align or change the DL/UL configuration including additional subframe type (if introduced)

· Case 2: Different operator sharing one band can coordinate

· The operators align the DL/UL configuration including additional subframe type (if introduced)

· For the evaluation, backward compatibility shall be maintained

· RAN1 would not evaluate other deployment scenarios requiring inter-operator coexistence analysis in this SI

· Both single carrier and multi carrier cases are considered for deployment scenarios

· For SLS/analysis of latency reduction for TDD

· At least provide single carrier results

· Legacy TDD DL/UL configuration #0,#1, and #2 can be evaluated.

· The sets of “fixed” DL and UL subframes are assumed

· Subframe #0 and #5 are assumed as normal fixed downlink subframe

· Subframe #2 is assumed as uplink subframe

· It is not precluded to further consider possibility to apply additional subframe types in subframes #0 and/or #5 and/or #2, provided that backward compatible is maintained including reception of CRS, system information, paging, and SS

· For additional subframe type (for evaluation purpose)

· Additional subframe consists of downink(s), GP(s) and uplink(s)

· In uplink, it is assumed that sPUCCH(s) and sPUSCH(s) can be transmitted

· Evaluation sets include at least the followings

· Reference set: Legacy TDD DL/UL configuration with legacy TTI

· Set 1: full flexibility on other subframes

· All downlink subframes which can be configured as MBSFN subframes can be replaced with additional subframe type(s)

· All uplink subframes can be replaced with additional subframe type(s)

· Special subframe can be replaced with additional subframe type(s)

· Set 2: full flexibility only on UL subframes

· All downlink subframes are fixed as downlink subframes

· Special subframes are fixed as special subframes

· All uplink subframes can be replaced with additional subframe type(s)

· 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

· Simulation results is recommended to include at least

· Performance comparison of Set 3 compared to reference set

· Performance comparison of other sets compared to Set 3

· Comparison among different TTI  lengths within the same set to evaluate the gain from TTI shortening. 

In our previous contribution about latency reduction based on FS2 [2], 3 candidate solutions were described, not fully cover the newly agreed Set 1. In this contribution, we provide additional analysis for TDD latency reduction, as well as the backward compatibility issue.
2. Possible TDD Frame Structures for Latency Reduction
As agreed in [1], at least four evaluation sets (including the reference set) need to be considered depending on whether downlink subframes and/or uplink subframes and/or special subframes can be replaced by additional subframes. And additional subframe consists of DwPTS, GP and UpPTS. Different from the legacy UpPTS, in additional subframe, the UpPTS can be used to transmit sPUCCH and sPUSCH. According to the newly evaluation sets, we will discuss the following 6 cases for possible TDD frame structure design: 

· Case 1:  All downlink subframes, uplink subframes and special subframes can be replaced by additional subframes;
· Case 2: Both downlink subframes and special subframes can be replaced by additional subframes, uplink subframes are fixed as UL subframes;
· Case 3: Both uplink subframes and special subframes can be replaced by additional subframes, downlink subframes are fixed as DL subframes;
· Case 4: Only special subframes can be replaced by additional subframes, downlink subframes and uplink subframes are fixed as DL subframes and UL subframes respectively;
· Case 5: Only uplink subframes can be replaced by additional subframes, downlink subframes and special subframes are fixed as downlink subframes and special subframes respectively;
· Case 6: No additional subframes are introduced.
Case 1, Case 2, Case 3 and Case 4 are subsets of evaluation set 1; Case 5 corresponds to evaluation set 2; Case 6 corresponds to evaluation set 3 and reference set.

3. TDD Latency Analysis
To better understand the effect of latency reduction for the aforementioned 6 cases, we provide some latency analysis for 6 examples taking TDD UL-DL Config. 1, special subframe Config. 7 (DwPTS:GP:UpPTS = 10:2:2) as baseline. For simplicity and w/o loss of generality, we assume no inter-operator and/or legacy UE co-existence during latency analysis in Section 3 and leave the discussion about backward compatibility to Section 4. 6 examples are illustrated in Fig.1, each corresponding to one case listed in the previous section.
· Example 1: Downlink subframes 4/9, uplink subframes 3/8, and special subframes 1/6 are replaced by additional subframes. In additional subframes, DwPTS : GP : UpPTS=6:2:6.
· Example 2: Downlink subframes 4/9 are replaced by additional subframes, uplink subframes are fixed as uplink subframes, special subframes 1/6 are replaced by additional subframes. In additional subframes, DwPTS : GP : UpPTS=6:2:6.

· Example 3: Downlink subframes are fixed as downlink subframes, uplink subframes 3/8 and special subframes 1/6 are replaced by additional subframes. In additional subframes, DwPTS : GP : UpPTS=6:2:6.

· Example 4: Downlink subframes are fixed as Downlink subframes, uplink subframes with fixed uplink subframes, and special subframes 1/6 are replaced by additional subframes. In additional subframes, DwPTS : GP : UpPTS=6:2:6.

· Example 5: Downlink subframes are fixed as downlink subframes, uplink subframes 4/9 are replaced by additional subframes, and special subframes 1/6 are fixed as special subframes. In additional subframes,  DwPTS : GP : UpPTS=2:2:10.
· Example 6 (Baseline): Downlink subframes are fixed as downlink subframes, uplink subframes are fixed as uplink subframes, and special subframes 1/6 are fixed as special subframes.
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Exapmle 1:
Downlink subframes 4/9 with additional subframes (DwPTS : GP : UpPTS=6:2:6)
Uplink subframe 3/8 with additional subframes(DwPTS : GP : UpPT: )
Special subframes 1/6 with additional subframes(DwPTS : GP : UpPTS=6:2:6).
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Example 2:
Downlink subframes 4/9 with additional subframes (DWPTS : GP : UpPTS=6:2:6)
Uplink subframes with fixed uplink subframes

Special subframes 1/6 with additional subframes(DWPTS : GP : UpP'T
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Example 3:

Downlink subframes with fixed downlink subframes
Uplink subframes 3/8 with additional subframes ( DwPTS : GP : UpPT:
Special subframes 1/6 with additional subframes(DwPTS : GP : UpPT:
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Example 4:
Downlink subframes with fixed Downlink subframes
Uplink subframes with fixed uplink subframes

Special sublrames 1/6 with additional subframes (DWPTS :
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Example 5:
Downlink subframes with fixed downlink subframes
Uplink sublfames 4/9 with addiional subframes ( DwPTS : GP : UpPTS-2:2:10)
Special subframes 1/6 with fixed special subframes ( DwPTS : GP : UpPT: :
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Example 6:
Downlink subframes with fixed downlink subframes

Uplink subframes with fixed uplink subframes

Special subframes 1/6 with fixed special subfiames ( DWPTS : GP : UpPTS=10:2:2).




Fig. 1. Examples for possible TDD frame structures with different TTI length.

The U-plane latency of the baseline and five examples for different TTI length are shown in Table I. Calculation for the U-plane latency consists of Tx/Rx processing delay, TTI duration, frame alignment and HARQ RTT with 10% retransmission probability as discussed in [3]
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 \* MERGEFORMAT [4] and the total processing delay of 3TTIs are considered. For the purpose of comparison, U-plane latency for FDD is also included.
From Table I, we may have several observations:
· Even with the example 6 (baseline), U-plane latency reduction gain is achievable by TTI shortening. 
· Compared to the baseline, example 1, example 3 and example 5 can always achieve latency reduction in both DL and UL;
· When both DL and UL latency performance are considered, example 1 achieves the best performance, and the DL latency and UL latency are very close because of more switching points and thus more uniform allocation of DL and UL resources;
· For shortened TTI, example 3 achieves further DL latency reduction compared to example 1 due to more DL resource allocation, at the cost of UL latency;
· For shortened TTI, example 2 achieves further UL latency reduction compared to example 1 due to more UL resource allocation, at the cost of DL latency.
Table I． U-plane latency for TDD enhanced frame structure

	TTI length
	FDD latency
	TDD Latency

	
	
	Baseline 
	Example 1 
	Example 2 
	Example 3 
	Example 4
	Example 5

	
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	1 ms
	4.8
	4.8
	5.633
	6.2
	5.05
	5.05
	5.533
	5.1
	5.15
	6.15
	5.567
	5.567
	5.1
	5.533

	0.5 ms
	2.4
	2.4
	2.925
	3.488
	2.88
	2.9
	3.238
	2.834
	2.65
	3.488
	3.18
	3.18
	2.817
	3.238

	2 OS
	0.69
	0.69
	1.498
	1.921
	1.116
	1.082
	1.562
	1.079
	1.104
	1.822
	1.655
	1.655
	1.142
	1.508


It should be noted that the above observations for latency reduction are somewhat idealistic, i.e., they (except for baseline case) are only valid with the assumption that single operator owns the entire band, and all the UEs support latency reduction. However, in practice the situation may be more complicated. For example, multiple operators may share the same band without guard band, and/or there are legacy UEs in the same/adjacent carrier or neighbouring cells, and/or UEs support latency reduction performs fallback operation. For the aforementioned cases, the introduction of new TDD configuration may be harmful and/or cause some backward compatibility issue.
Observation 1: From latency reduction point of view, more DL-to-UL switching points and uniform DL and UL resource allocation could be beneficial for TDD.
· Note: The above observation is only valid with the assumption that single operator owns the entire band, and all the UEs support latency reduction.
4. Backward Compatibility

As described in the SID on latency reduction for LTE [5], backward compatibility shall be preserved. Coexistence between R14 latency reduction UEs and legacy UEs could rely on the implementation of eNB scheduling. For example, eNB can semi-statically configure the number (as well as position) of additional subframes to be introduced according to the ratio of R14 latency reduction UEs and legacy UEs within the system. The more latency reduction UEs, the more additional subframes is preferable. So in essence, the additional benefits brought by the additional subframes for R14 latency reduction UEs will be obtained at the cost of performance degradation of legacy UEs, because the subframes configured for newly introduced additional subframes (at least part of them) could not be used for data transmission of legacy UEs.
For the multi-cell scenario, especially in case of multiple operators in the same band without guard band, the setting of additional subframes needs to be aligned among cells/operators unless the cell is perfectly isolated. Although some interference mitigation schemes defined for eIMTA could be considered, it may be challenging (or even not feasible) to achieve full benefit of the additional subframes in realistic scenarios.
Observation 2: For latency reduction based on FS2, the introduction of additional subframes may cause some backward compatibility issue, which shall be carefully considered.
5. Summary
In this contribution, we discussed the possible TDD frame structures for latency reduction and the backward compatibility issue. The observations and proposals are summarized as follows.
Observation 1: From latency reduction point of view, more DL-to-UL switching points and uniform DL and UL resource allocation could be beneficial for TDD.
· Note: The above observation is only valid with the assumption that single operator owns the entire band, and all the UEs support latency reduction.
Observation 2: For latency reduction based on FS2, the introduction of additional subframes may cause some backward compatibility issue, which shall be carefully considered.
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