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1. Introduction

It has been decided from RAN2 kobe meeting that transmission of MBMS in E-UTRAN is either a single-cell or a multi-cell transmission [1]. For the single-cell transmission, multiple UEs can be allocated dedicated uplink feedback channels, which enables them to report ACK/NACK and CQI information. The HARQ re-transmission mechanism can be designed and all UEs are able to receive the re-transmitted data and combine them with the original transmissions at the HARQ level [2]. In this proposal, two HARQ re-transmission schemes are compared based on uplink NACK signaling fed back from UEs and the conclusion is drawn finally.

2. Discussion

The ACK/NACK, CQI information including possibly  MIMO related information [3] can be fed back to eNodeB for single-cell MBMS transmission. For HARQ re-transmission, two key procedures should be considered. One is how to control the uplink signaling feedback overheads, in other words, the trigger mechanism design for HARQ re-transmission and another is how to decide to re-transmit at eNodeB. Here HARQ re-transmission is considered just based on uplink NACK signaling feedback. Two trigger mechanisms for HARQ re-transmission are described as follows.

The most straightforward trigger method is that any UE who receives wrong packets feeds back NACK to eNodeB. However for this method the uplink feedback signaling is overloaded for example under hot spot, e.g., indoor stadium where many UEs receive the same TV programs, e.g., a football match. 

In order to decrease the uplink NACK signaling overheads and thus decreasing the re-transmission probability, another trigger method, i.e., conditional uplink signaling feedback is proposed. The configured thresholds decided by eNodeB are signalled to all UEs and only those UEs whose BLERs, where other parameter may be selected, locate within the thresholds feed back NACKs to eNodeB as shown in Figure 1.
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Figure 1 – Thresholds setting for uplink NACK signaling feedback
In Figure 1, those UEs far from eNodeB, which are outside threshold-A, e.g., UE3, need not feed back the NACK signaling since the previous packets may not be corrected even if there are re-transmissions. The eRAN may decide that those UEs near to eNodeB, which are inside threshold-B, e.g., UE1, also need not feed back the NACK signaling because it has reached the target BLER, e.g., less than 1%. Then, feedback criteria should be configured by the eRAN so that only those UEs locating between threshold-A and threshold-B, e.g., UE2 would feed back NACK signaling since the received wrong packets by UE can be corrected due to HARQ re-transmission in this region.
If to re-transmit is decided by eNodeB. Here eNodeB decides to re-transmit only if it receives NACK(s) from those UE(s) for both trigger methods. For the first one, the re-transmission probability is high and thus the effective average cell throughput shall be largely decreased. For the second one, the re-transmission probability shall be largely decreased due to the usage of BLER thresholds at UEs and the corresponding effective average cell throughput is evidently improved. 

For the conditional HARQ re-transmission, e.g., based on the second trigger mechanism, it’s FFS on how to decide the initial thresholds at eNodeB and the thresholds after selection keep invariable during the whole session. The thresholds may be adjusted by eNodeB and the feedback probability factor may be used during the session especially under lots of UEs, e.g., thousands of UEs. It’s not excluded that the mechanism based on thresholds can be used to control the overheads of uplink CQI signaling feedback. 
In order to compare the two HARQ re-transmission schemes better, the detail simulation results are presented in Appendix as shown in Figure 2 – Figure 4 and the correlative system-level and link-level simulation parameters are described in Table 1. It’s clearly shown from Figure 2 that the re-transmission probability approaches to almost 90% for the first trigger scheme and it’s decreased to 12.7% or so due to the usage of BLER thresholds at UEs. Correspondingly, the effective average cell throughput of the second conditional HARQ re-transmission scheme can be largely improved as shown in Figure 3. The accumulated distribution function (cdf) of uplink NACK signaling overheads is given in Figure 4 for both schemes during the whole simulation period. Since one UE receiving wrong packets just feeds back NACK, the uplink signaling overheads are equivalent to those error UEs number in our simulation for the simplification. Compared the right with the left picture in Figure 4, those error UEs number is largely decreased due to the configured BLER thresholds. Equivalently, the uplink signaling overheads are decreased quite a lot. 

3. Conclusion
Through the discussions above, the following conclusion can be drawn.

· The conditional uplink signaling feedback and thus conditional HARQ re-transmission mechanism based on the two thresholds set by eUTRAN should be considered for the single-cell MBMS transmission.
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Appendix 

	Parameter
	Assumption

	Macro-cell system level simulation baseline parameters

	Case 3 in LTE is selected for the simulation

	Cellular Layout
	Hexagonal grid, one cell site, consider one sector

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=120.9 - 900MHz

	Shadowing correlation (Between sectors)
	1

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	TU channel

	Total BS TX power
	46dBm for 10MHz bandwidth

	UE power class
	24dBm (250mW)

	Minimum distance between UE and cell
	>= 35 meters

	UE number per sector
	100 UEs (as an example for our simulation)

	UE parameters

	Antenna gain
	0 dBi 

	Noise Figure
	9 dB

	eNodeB parameters

	Noise Figure
	5 dB

	Antenna gain plus cable loss
	14 dBi 

	Link level simulation baseline parameters

	Basic transmission scheme
	Mixed mode, extended cp, 15kHz sub-carrier spacing

	TTI length
	1.0 ms

	mcs selection
	16QAM and 1/2 turbo channel coding

	Antenna configuration
	1x2

	HARQ
	Synchronous re-transmission with non-adaptive, chase combining at UEs

	Inter-cell interference cancellation
	Not transmitting on neighbour cells

	Pilot channel overhead 
	The first two OFDM symbols used for DL control channel, the MBMS RS overhead is 12.5%


Table 1 – System and link level baseline simulation parameters
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(a) Re-transmission probability (error UE)                        (b) Re-transmission probability (thresholds)

Figure 2 – Comparisons of re-transmission probability
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 (a) Effective average cell throughput (error UE)              (b) Effective average cell throughput (threshold)
Figure 3 – Comparisons of effective average cell throughput
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 (a) Uplink NACK signaling overheads (error UE)           (b) Uplink NACK signaling overheads (threshold)

Figure 4 – Comparisons of uplink NACK signaling overheads
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