Page 1

3GPP TSG RAN1 #46
R1-062036
Tallinn, Estonia
Aug 28th – Sep 2nd, 2006
Agenda item:
8.2
Source: 
Qualcomm Europe
Title: 
Discussion on TTI for E-UTRA
Document for:
Discussion and Decision
1
Summary
We propose to adopt the following for E-UTRA numerology and captured in the PHY stage 2 TR.
· Minimum RB Size

· 12 tones or 180 KHz in downlink

· 180 KHz or 12 “tones” in uplink

· TTI

· One value only
· 1ms
· Sub-frame formats
· Unchanged from TR 25.814
2
Discussion on TTI
During the SI phase, almost all the studies concentrated on a TTI of 0.5 ms for the downlink and uplink shared data channel. In the last meeting, we proposed to adopt a single TTI spanning 1ms for E-UTRA.
In this document, we explain the rationale behind the choice of a TTI slightly longer than 0.5 ms.
2.1
TDD
For TDD, the reference signals are effectively self-contained within a TTI. This is primarily due to the fact that the subframes prior and subsequent to the TTI of interest need not be intended in the same link.

For instance, in the generic scenario, a downlink TTI might be preceded and succeeded by uplink subframes. Therefore, the receiver relies on intra-TTI time averaging to construct an estimate of the channel.
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Figure 1

TDD Structure
Figure 2 outlines a 1:1 configuration, with the mimimum DL or UL burst spanning 0.5 ms. 
In this case, the TTI is 0.5ms and the receiver cannot rely on inter sub-frame interpolation easily
, leading to channel estimation losses in DL and UL [1][2]. Further, the overhead is larger, since we need to account for a guard period at every switching point boundary.
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Figure 2

TDD – DL:UL = 1:1 – Option I
Figure 2 outlines a 1:1 configuration, with the mimimum DL or UL burst spanning 1ms. With a TTI of 0.5ms or 1ms, there is little difference in the HARQ turn-around time with either TTI value.
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Figure 3

TDD – DL:UL = 1:1 – Option II 
The same arguments can be applied to 2:1 configurations, as shown in Figures 4 and 5.
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Figure 4

TDD – DL:UL = 2:1 – Option I
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Figure 5

TDD – DL:UL = 2:1 – Option II
2.2
Uplink
Regardless of TDD or FDD, the uplink reference signals are dedicated transmissions from each UE that are self-contained within the TTI. The receiver relies on intra-TTI time averaging to construct an estimate of the channel. A longer TTI has smaller channel estimation losses as seen in [2].
2.3
TCP Throughput
As was shown in [3], the sustainable TCP throughput is a function of the TCP segment error rate and the client-server delay (RTT).

For E-UTRA, let us assume a L1 residual error rate of 
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 and with one RLC retransmission, the error rate above L2 is approximately 
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. From Figure 6, we observe the following – to sustain a TCP throughput of 100/300 Mbps with an error rate of 
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, we can tolerate an end-to-end delay of 100/40 ms. From TCP viewpoint, this is the RTT one needs to consider, not the HARQ delay seen at L1.
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Figure 6

TCP Performance
2.4
Coverage

The performance of uplink ACKCH with different TTI values is shown in Figures 7 – 9. 

For ACKCH, we consider the following constraints:
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With DTX(ACK error probability of 50%, we have a dual state receiver and the receiver sets a zero threshold. Our primary interest is in DTX(ACK error probability of 10% and 1% - this implies that coupled with 1% error rate on the DL shared data control channel, the probability of RLC retransmission is 0.1% or 0.01%.
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Figure 7

P(ACK/DTX) = 50%
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Figure 8

P(ACK/DTX) = 10%
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Figure 9

P(ACK/DTX) = 1%

We are interested in the target Es/Nt at an operating point of
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at P(ACK/DTX) = 10%. Table 1 illustrates the required Es/Nt in each scenario.
	P(ACK/DTX)
	Required Es/Nt per Antenna (dB)

	
	0.5ms TTI
	1ms TTI
	2ms TTI

	10 %
	5.8
	0.8
	-2.5

	1 %
	7.3
	2.3
	-1.2


Table 1

ACKCH – Es/Nt for 1% Error Rate
It is seen that 1ms TTI has a significant link performance improvement over 0.5ms TTI. 

The link budget for the macro-cell deployment scenario outlined in TR 25.814 is shown in Table 2. It is assumed that the UE Tx power is 21 dBm and the UE transmits all the power in 30 KHz.

	Es/Nt per Antenna (dB) – 95% Coverage

	IoT = 0 dB
	IoT = 2 dB
	IoT = 4 dB
	IoT = 6 dB

	5.3
	3.3
	1.3
	-0.7


Table 2
Link Budget – 1732m ISD + 20 dB Penetration Losses
It is seen that a TTI of 0.5ms has severe coverage issues for this deployment scenario. 
Even for an IoT operating point of 0 dB (lowest value possible), the system cannot deliver 95% coverage of the ACKCH for this deployment – the target Es/Nt with 0.5ms TTI is 5.8 dB from Table 2, while the 95% coverage Es/Nt is 5.3 dB from Table 3. Meanwhile, the target Es/Nt for 1ms TTI is 0.8 dB from Table 2.
For a nominal IoT operating point of 4.5 dB, the 95% coverage Es/Nt is 0.8 dB, identical to the target Es/Nt with 1ms TTI. Therefore, with 1ms TTI, we can operate the system between 0 dB to 4.5 dB IoT.
3
Conclusions

The choice of TTI needs to be made based on a system-centric analysis, as opposed to just L1 HARQ timeline.

Based on multiple points of view that include L1 (link efficiency, coverage) and beyond (TDD, TCP throughput), we see that 0.5ms is not an efficient choice. A slightly longer TTI such as 1ms effectively balances the pros and cons between latency, coverage and performance.
There have been suggestions to include more than one TTI for E-UTRA. 
We question the rationale behind such a suggestion. While it is easy to make such a decision in RAN1 in the interest of progress, there is a significant impact on writing the performance specifications, multiple combination of test cases, availability of different TTI options from eNB and UE vendors for inter-operability testing, etc.

Multiplexing multiple TTIs in a given cell (UE specific TTI, as opposed to deployment specific) does not even add any value in TDD systems, since the UL/DL switching points are anyway dictated by the larger TTI.
Therefore, we propose to adopt 1ms TTI as the only TTI for E-UTRA.
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� One could conceivably interpolate beyond 2 slots, but that would lead to performance degradation as well.
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