3GPP TSG RAN WG1 Meeting #57
R1-091902
San Francisco, US, 4th – 8th March, 2009

Agenda Item:
8

Source:
Ericsson

Title:
2-ms E-DCH TTI coverage extension
Document for:
Discussion
1 Introduction

During the last RAN1 meetings several companies have shown potential interest in improving the EUL coverage (see [1]-[5]) and at the RAN#43 a new Work Item for 2ms TTI coverage extensions was agreed. In this contribution we compare a number of proposals for increasing the EUL coverage by means of link level simulations. 
2 Evaluated methods
The EUL coverage for the service described above will be evaluated for a number of methods. These are:
1. Segmentation: In the studied case, each RLC PDU is divided into several MAC PDUs. Note that the performance is measured after desegmentation. 
2. Repetition: This method has been proposed in [1]-[2] and it is based on that each packet always is repeated in N TTIs. It is further worth noting that no retransmissions are allowed.
3. Autonomous retransmissions: The method has previously been presented in [3]-[4] where it is also referred to as “TTI bundling”. Similar to repetition (described above) the payload is repeated for N TTIs. Unlike repetition, however, retransmissions of bundles are allowed. Since additional repetitions of bundles only are used when needed this enables a more efficient usage of the channel. 
For all the methods described above it is assumed that the delay associated with ACK/NAKs is such that there must be a minimum time-duration of 8 TTIs between consecutive transmissions of bundles. For autonomous retransmissions we will thus assume that the RTT cycle is 16 TTIs. To exemplify, Figure 1 illustrates autonomous retransmissions with a bundle size of 16 ms (8 transmissions) as suggested in [4]. 


[image: image1]
Figure 1: Illustration of autonomous retransmissions for the case where the bundle size is 8TTIs and the RTT is 16 TTIs.
3 Discussion
3.1 Link level result for SRB coverage
This section evaluates the coverage that can be achieved with the methods described above. We consider a scenario with an SRB service requiring 168 bit RLC PDUs. The associated simulation parameters are presented in Table 1 below and the specific assumptions for the different methods are:

1. Segmentation: It is assumed that each RLC PDU is segmentated into two MAC PDUs (containing 120 bits each). The T/P = 5.11 dB and that the maximum number of transmissions per MAC PDU is 4. I.e., each RLC PDU can use a maximum of eight 2 ms TTIs. It is further assumed that an RLC PDU is erroneous if any of the two MAC PDUs is erroneous after reaching the maximum number of transmissions.

2. Repetition: For this method we have TBS=168 bits, T/P = 6.02 dB, and N=8.
3. Autonomous retransmission: As for repetition TBS=168 bits and T/P =6.02 dB. Both a case where the bundle size is 2 TTIs and a case where it is 4 are studied. To ensure that a RLC PDU does not utilize the channel more than eight TTIs the number of allowed retransmissions are thus 3 and 1, respectively.
Table 1 Summary of simulator parameters that were used.

	Parameter
	Value/Comment

	Receiver
	Ideal (RAKE)

	Channel estimation
	Realistic

	Channel model
	PedA, 3km/h

	TTI length
	2ms

	Number of HARQ processes
	Default: 8

	Max number of transmissions
	Default: 4

	Number of Rx antennas
	2

	Power control (inner and outer)
	Off (cell edge scenario where UEs transmit with full power)


Clearly there are several potential criteria for evaluating the performance of the different schemes. To make a “fair” comparison, focus is on a situation where all of the methods can utilize the channel for the same number of TTIs.  More specifically, focus is on a case where the transmission of an RLC PDU can occupy a maximum of 8 TTIs.
3.1.1 Results
Figure 2 and Figure 3 present the BLER as a function of Ec/N0 and Eb/N0, respectively. Note that latter accounts for the additional overhead caused by, e.g., the MAC segmentation.
From the figures one may observe that:
· The gain achieved from time-diversity is significant for the considered scenario. This favors methods such as segmentation and autonomous retransmissions in which retransmissions are possible.
· The overhead associated with segmentation, i.e. splitting the 168 bits RLC PDU into two 120 bits MAC PDUs may be considerable (cf. Figure 5 and Figure 4).

Together these results indicate that solution based on autonomous retransmissions may be preferable.
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Figure 2: BLER as a function of measured Ec/N0. For the case of autonomous retransmissions the parenthesis in the legend shows “bundle size”/”max number of transmissions”.
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Figure 3: BLER as a function of measured Eb/N0 (information bits). For the case of repetition the parenthesis indicates the total number of repetitions. For the case of autonomous retransmissions the parenthesis in the legend shows “bundle size”/”max number of transmissions”.

3.2 Delay analysis

Previous section evaluated the BLER given a maximum number of transmissions. This section focuses on evaluating the coverage that can be achieved for the methods given a BLER and packet latency requirement is maintained. Note that the packet latency here is composed of both the waiting time (i.e. the time a packet spends in the queue) and the service time (time until successful transmission once the packet arrives to the head of the queue). Both the service time and queueing time varies amongst the methods.

In the evaluation presented below MAC PDUs (packets) arrive according to a Poisson process characterized by an arrival rate of  packets/subframe. A “first come, first served” type of policy is assumed, i.e. an arriving packet is placed in the end of queue and transmitted once it reaches the head of the queue. For the sake of simplicity we assume:

· A single tap Rayleigh fading channel, and

· The fading between consecutive TTIs are independent.

Note that these assumptions will result in that the performance of repetition and autonomous retransmissions are overestimated (comparisons between the repetition and autonomous retransmissions should however still be valid). We also highlight that HARQ RTT cycle is assumed to be 16 TTIs for the cases where automatic retransmission is used. Some additional assumptions associated with the different methods are:

1. Segmentation: Each RLC PDU with a TBS=307 bits is split into three MAC PDUs which TBS=120 bits and T/P=5.11 dB. Each MAC PDU can be transmitted 8 times. This results in that a RLC PDU can occupy at most 24 TTIs.
2. Repetition: For this case TBS=307 bits, T/P=8.07 dB, and N=8. 
3. Autonomous retransmission: For this case TBS=307 bits, T/P=8.07 dB. The bundle size (N) and the number of allowed bundle retransmissions are set so that each RLC PDU is transmitted during a total of 8 TTIs.
3.2.1 Results

Figure 4 and Figure 5 shows the required Ec/N0 as function of  when the BLER requirement is 0.1 and the average packet latency requirement is 100 ms and 20 ms, respectively. Some general observations from the figures are:
· Repetition can offer some coverage gains for “strict” latency requirements and small arrival rates. 
· As the average latency requirement increases the performance offered with repetition becomes significantly worse than the performance associated with autonomous retransmissions. This loss in performance is a result of that each MAC PDU is transmitted during 8 TTIs; regardless of whether or not the packet could have been successfully decoded with fewer replicas. In the prolonging this yields an inefficient utilization of the channel with larger waiting times (queueing delays) as a result.
Together these figures indicate that it may beneficial to utilize autonomous retransmissions.
[image: image4.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

-20

-15

-10

-5

Arrival rate 



 [packets/slot]

Measured E

c

/N

0

 [dB]

BLER requirement 0.1, Average latency requirement 100 ms

 

 

Reference case (1/8)

Segmentation (3/24)

Autonomous retrans (4/8)

Repetition (8)

Autonomous retrans (2/8)


Figure 4: Required measured Ec/N0 as a function of the arrival rate for a BLER requirement of 0.1 and an average packet latency requirement of 100ms.
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Figure 5: Required measured Ec/N0 as a function of the arrival rate for a BLER requirement of 0.1 and an average packet latency requirement of 20ms.
3.3 Comparisons between different schemes
Previous sections discussed the performance of repetition, MAC segmentation, and autonomous retransmissions. These results suggest that autonomous retransmissions that can be acknowledged may offer better performance than TTI repetition and the gains arise due to that:
· Autonomous retransmissions exploit the time variations of the channel more efficiently.

· Autonomous retransmissions allow that the channel is used with a finer granularity, i.e. UEs only repeat transmissions when needed.
Another benefit for autonomous retransmissions is that it in situations when only a subset of the HARQ processes are available to the specific service. To exemplify, one could consider a situation in which a MAC packet is repeated seven times (i.e. transmitted a total of eight times) and the UE only has two HARQ processes available. In case of TTI repetition, the fixed number of repeated TTIs (N) would have to be distributed over the available processes with only 2 TTIs per RTT, resulting in a considerable total transmission time for the N TTIs. In this case, having the opportunity to acknowledge packets exists and it could, further, both reduce the average packet latency and increase the channel utilization efficiency.
Finally we note that autonomous retransmissions (or TTI repetition) also may be useful for higher data rates (i.e. UEs that are not on the cell-edge) if there the load is small. Thus, we believe that it could be useful for the network to the ability to control whether the autonomous retransmission (or TTI repetition) is used. 
4 Conclusions
This contribution has evaluated the performance associated with TTI repetition, MAC segmentation, and autonomous retransmissions. The results indicate that autonomous retransmissions, in comparison with simply utilizing repetition, may be advantageous. These gains arise as a consequence of that autonomous retransmissions can exploit the time variations of the channel more efficiently and that it allows UEs to utilize the channel with finer granularity since retransmissions only occur when needed.
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