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1
Introduction

Currently, the RLC SN field size is FFS. For AM data transfer, the RLC SN field size should be designed to ensure low transmit window stalling probability. This document provides simulation results on this transmit window stalling probability assuming a 9bit RLC SN and single stream MIMO. From the simulation results, it is observed that a 9bit RLC SN ensures a very low transmit window probability for single stream MIMO (1 TB per TTI), and it is deduced that a 10bit RLC SN should sufficient for AM data transfer considering that LTE supports up to dual stream MIMO (2 TBs per TTI).
2
Simulation
2.1 Simulation setup
Simulations were performed with an 8-channel Stop and Wait HARQ, window based RLC polling and reordering timer (as in T1 timer for HSDPA) based RLC PDU error detection. To simulate the worst case RLC window stalling probability, only 1 UE has been assumed in which transmission for that UE takes place in every TTI. HARQ related simulation assumptions and ARQ related simulation assumptions are presented in Table 1 and Table 2, respectively.

Table 1 – HARQ related simulation assumptions

	Parameter
	Value

	N channel Stop and Wait
	N = 8

	HARQ error profile
	Pr[error] after 1st Tx
	.4

	
	Pr[error] after 2nd Tx
	.07

	
	Pr[error] after 3rd Tx
	.022

	
	Pr[error] after 4th Tx
	.003

	
	Pr[error] after 5th Tx
	.0008

	
	Pr[error] after 6th Tx
	.00025

	Pr[PDCCH miss]
	.01

	Pr[DTX to ACK error]
	.01

	Pr[DTX to NACK error]
	.01

	Pr[ACK to DTX error]
	.0099

	Pr[ACK to NACK error]
	.0001

	Pr[NACK to DTX error]
	.0099

	Pr[NACK to ACK error]
	.0001


Table 2 – RLC related simulation assumptions
	Parameter
	Value

	RLC SN field size (transmit window size)
	9bit (256)

	Triggers for RLC retransmission
	Local Nack from transmitting HARQ entity

STATUS PDU from receiving RLC entity

	Maximum number of RLC retransmissions
	Not limited

	Polling trigger
	Window based polling

	Poll window threshold
	70%, 80% and 90% of transmit window

	Poll prohibit timer
	50ms

	Status report trigger
	Polling from transmitter

RLC PDU error detection at receiver

	RLC PDU error detection timer (as in T1 timer for HSDPA)
	50ms and 100ms

	Status report transfer delay
	20ms and 40ms


As for the RLC Data PDUs (AMD PDUs), 1 PDU was mapped on each TTI (which would be the case with only 1 radio bearer employing flexible RLC PDU size), and the HARQ related simulation assumptions shown in Table 1 were applied in which the maximum number of HARQ retransmissions is limited to 5. As for the STATUS PDUs in the feedback link, HARQ was not simulated, but a fixed STATUS PDU transfer delay (delay for a STATUS PDU to reach the transmitting RLC entity after a status report transfer was triggered at the receiving RLC entity) was assumed. Furthermore, the receiving RLC entity was simulated to detect a RLC PDU loss in a similar way the Rel-5 MAC-hs entity advances the reordering window using the T1 timer.
2.2 Simulation results
Figure 1 shows the simulations results of the transmit window stalling probability (Pr[stall]=number of TTIs that a new AMD PDU could not be transmitted due to transmit window stalling divided by the number of TTIs simulated) in solid lines together with the status reporting probability (Pr[status report]=number of STATUS PDUs transferred divided by the number of TTIs simulated) with dashed lines. Results are provided for different Poll window thresholds (the X-axis in Figure 1) and different values of STATUS PDU transfer delay and T1 timer.
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Figure 1 – Simulation results
First of all, it can be observed that STATUS PDUs are generated about once in every 250 TTIs, 290 TTIs and 320 TTIs for Poll window thresholds of 70%, 80% and 90%, respectively for all simulation conditions (i.e. different status report delay and T1 timer values). Actually, this is roughly equal to [Window_Size * Poll_Window_Threshold * First_HARQ_Tx_Error_Rate], and is a very well expected result.

Then, it is obvious that 70% Poll window threshold should be used compared to 80% or 90% Poll window threshold, since the transmit window stalling probability is reduced without incurring much STATUS PDU overhead. However, within the simulation run time of 10,000,000 TTIs, transmit window stalling was never detected with a Poll window threshold of 70% for all simulation conditions. Aas it can be seen from Figure 1, transmit window stalling probability is already below 10^-4 with 80% Poll window threshold for all simulation conditions. So it can be considered that with a 9bit RLC SN, the RLC AM transmit window stalling for LTE will be less than 10^-7 when only addressing single stream MIMO (1 TB per TTI). Even when considering that LTE supports up to dual stream MIMO (2 TBs per TTI), it is concluded that a 10bit RLC SN is more than sufficient for RLC AM data transfer in LTE.
Some remarks on the values simulated for status report transfer delay T1 timer is provided. It is considered that a 40ms status report transfer delay addresses for sufficient processing delays and transmission delays (1ms if with no HARQ retransmissions, 9ms with 1 HARQ retransmission, and so on), and 100ms for T1 timer is quite sufficient (accounts for 2.5 times maximum HARQ retransmissions (5) times HARQ RTT (8ms)).

Proposal: RLC SN field size is 10bits for AM data transfer.
3
Conclusion
Simulation results of transmit window stalling for RLC AM data transfer in LTE has been provided with a 9bit RLC SN (transmit window size = 256) for single stream MIMO. It was observed that the transmit window stalling probability is extremely low for this case, and there for it is proposed to adopt a 10bit RLC SN for AM data transfer, which should be more than sufficient even when considering that LTE supports up to dual stream MIMO.
Annex

The transmit window usage versus time (TTI) obtained from the simulations are provided in Figure A1 just for information. The blue line in Figure A1 provides a snapshot of 5000 TTIs for 70% Poll window threshold, 20ms STATUS PDU transfer delay and 50ms T1 timer. The pink line provides the same for 90% Poll window threshold, 40ms STATUS PDU transfer delay and 100ms T1 timer.
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Figure A1 – Transmit window usage vs time (TTI)


































































