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1 Introduction

Release 99/4 implementation of MBMS has been focused on FACH, DCH and DSCH transport channels. In Release 5 and above, HS-DSCH has been shown to provide high-speed downlink connections for unicast users [1]. In this contribution, we will discuss the possible benefits by the use of HS-DSCH – which uses  advanced technologies as adaptive coding and modulation, fast scheduling and H-ARQ combining of retransmissions – as the transport channel for MBMS services.

2 Summary of Results
Due to adaptive coding and hybrid ARQ protocols in HS-DSCH, it is hard to make a direct link layer comparison between the HS-DSCH channel and FACH/DSCH channel with enhancement (power control, long TTI, STTD or SHO). The packet level performance for HS-DSCH and FACH solutions is shown in Table 1. The multi-user system level simulation parameters for HS-DSCH are shown in Annex 1. The single user packet error rate for the FACH channel solution is derived based on the link level results from Qualcomm [2] and Ericsson [3] (see Annex 2). 

As shown in Table 1, in our HS-DSCH simulations, the worst user geometry is around –4.5dB for 40 and 80 users compared with the –3dB assumption in FACH simulations. Despite that, HS-DSCH with single antenna achieves superior packet error performance for 40 users with more than 2dB power reduction compared with the enhanced FACH solutions.  HS-DSCH with STTD further reduces the power and improves performance. Note that, for our HS-DSCH simulations, we have not imposed a limit on the maximum number of H-ARQ retransmissions allowed per packet. Packet loss, as a result, occurs due to buffer overflow at Node-B, or alternately, when the delay in delivering a packet exceeds the playout buffer duration at the UE (which we assume to be 2 seconds only). It is clear from the table below that if we relax the error requirement for HS-DSCH, even larger power savings can be expected. Additional overhead due to HS-DSCH control signalling need to be evaluated in future studies.

	
	HS-DSCH (Single Antenna)
	HS-DSCH (STTD)
	FACH (STTD)
	FACH (Long TTI)

	Number Users
	40
	80
	40
	80
	1
	1

	Geometry (dB) *
	-4.4
	-4.7
	-4.4
	-4.7
	-3
	-3

	Utilization
	98%
	100%
	72%
	94%
	100%
	100%

	Ec/Ior (dB)
	-10
	-10
	-10
	-10
	-7.9
	-7.6

	Frame Error Rate**
	-
	-
	-
	-
	1%
	1%

	Packet Error Rate***
	0.3%
	70%
	0
	0.03%
	(9%
	(2%


Table 1. Performance comparison between HS-DSCH and FACH solutions. (*For HS-DSCH, the mean value of the worst geometry among all MBMS users in 30 HS-DSCH simulations is shown. **We do not place a restriction on the maximum number of retransmissions for a transport block for HS-DSCH. *** For HS-DSCH, packet loss is due to a violation of the delay criterion for packet delivery.) 

3 HS-DSCH for MBMS

HS-DSCH is designed with rich features such as adaptive coding and modulation, fast scheduling and hybrid ARQ. Fast scheduling allows the base station to seek the window of opportunity to transmit to users that are experiencing positive fade. Adaptive coding and modulation matches the signal with channel condition to achieve best trade-off between robustness and efficiency. Most importantly, incremental redundancy retransmission (IR) allows the base station to aggressively select the coding and modulation scheme and to add redundancy only when needed
. For multicast services, the worst user is the bottleneck of the system, hence, all Rel.99/4 systems conservatively select the coding and modulation parameters to satisfy the worse case user. With the IR mechanism, code/modulation schemes are selected aggressively since more redundancy can be added when needed. Combined with fast scheduling that schedules transmission at positive fades for bad users, HS-DSCH is expected to significantly improve upon Rel. 99/4 solutions.
3.1  Scheduling
A scheduling algorithm, in general, is designed to reduce the system resource utilization required to satisfy the QoS constraints of simultaneous data sessions. When multiple MBMS sessions are active, or in the presence of unicast services, the appropriate metrics to consider are packet loss rates and resource utilization. In this contribution, however, we focus on the validation of using HS-DSCH as the transport channel of MBMS, and we consider only the simplest scenario with a single MBMS session. So, our main metric of interest is the packet loss rate for a given number of MBMS users. To simplify simulations, we assume that a fixed amount of resources (codes and power) is allocated to the MBMS session and the MBMS group size is assumed to be constant. Furthermore, we consider the “always on” scheduler, which clearly minimizes the packet loss rate, but can result in poor resource utilization. Use of more sophisticated scheduling algorithms, and with variable resource allocation, we can certainly achieve much better system resource utilization. The performance with such algorithms is for further study. 

3.2 Hybrid ARQ and MCS selection for Multicast Services

Hybrid ARQ is well defined for unicast services. In the case of multicasting, there could be many variants. Suppose a frame is to be delivered to a number of users in a multicast group. After the initial transmission, some users may have successfully decoded the message while remaining users still need retransmission. Upon the reception of ACK/NACK feedbacks, the base station will either schedule retransmission for the NACK users or decide stop transmission since majority of users have already got the frame. In this contribution, we allow infinite number of retransmissions, i.e., error free delivery is guaranteed for every user. 
Several choices exist for MCS selection as well. In our study, MCS selection is based on the channel conditions of the worst user. 
3.3 Transmit Diversity for HS-DSCH

To further improve the performance of HS-DSCH, transmit diversity schemes have been investigated for unicast services. For MBMS services, since multiple users are involved, we can rule out the closed-loop transmit diversity (CLTD) scheme which adjusts the transmission power and phase on the two transmit antennas to maximize the received SNR. In this contribution, we incorporate the space-time transmit diversity (STTD) scheme with two transmit antennas and one receive antenna. As can be expected, and as shown in Table 1, performance improves significantly with STTD.  
4 Simulation results

As mentioned earlier, the objective of this study is to investigate the benefits achievable  by H-ARQ Chase combining and IR, as well as adaptive coding/modulation gain, when HS-DSCH is used as the transport channel for MBMS. To that end, we assume that only one MBMS session is active, and no unicast services are present. Under these assumptions, we are interested in determining the number of users that can be supported with reasonable QoS for a fixed fraction of transmitting power. We do not place a limit on the maximum number of retransmissions allowed for a transport block. Clearly, as the multicast group size increases, the number of users with poor channel conditions increases. Furthermore, the probability of all users receiving a frame correctly decreases. Both problems will cause more retransmissions, which, in turn, increase the delay in delivering a packet to a user.

Web casting/streaming is one of the most expected MBMS services. The QoS constraint, for such services, is often defined by the maximum tolerable delay, which directly translates into the playout buffer size at the mobile receiver. In our study, a packet is fragmented into frames of varying sizes (due to adaptive coding). If a complete packet cannot be successfully transmitted within the maximum delay, the transmitter discards the remaining frames and advances to the start of next packet in the buffer. Note that the maximum delay can be translated into a maximum buffer size for the given MBMS session at both the transmitter and the receiver. 

In the rest of the section, we present simulation results for 64kbps streaming application with and without STTD for two MBMS group sizes, namely, 40 and 80 users. In both cases, 10% of the overall transmitting power is allocated for MBMS. The results for single antenna case presented first, followed by the results for STTD.

In Figures 1 and 2, the retransmission and the buffer occupancy probability is plotted for the single antenna implementation with 40 users. As shown in Figure 1, more than 60% of users successfully decode a frame with the first transmission, and less than 1% of users will require more than 4 retransmissions to decode a frame. In Figure 2, the probability of the number of packets in the play out buffer when a new packet arrives is plotted. Note that the maximum number of packets in the buffer is 11 packets given a 2 seconds play out buffer and MTU size of 1500 bytes. When there are 11 packets in the buffer, a new packet arrival triggers the maximum delay constraint, and buffer overflow occurs. As shown in Figure 2, there is no packet in the buffer in 27% of the cases and one packet in the buffer in 35% of the cases. The probability for each of the other cases is less than 10%. For the 3180 packets simulated, there are 9 cases of buffer overflow. The simulations also show a 98% system utilization, i.e., only 2% of slots are left unused. Note that more sophisticated scheduling algorithms than the one considered here can improve system utilization with a negligible impact on packet loss rate.

In Figures 3 and 4, the retransmission and the buffer occupancy probability is plotted for STTD (i.e., two transmit antennas and one receive antenna) with 40 users. As shown in Figure 3, the distribution of the number of retransmissions is slightly better than that of the single antenna case. However, the buffer occupancy, as shown in Figure 4, is much smaller compared with the single antenna case. The reason for the improvement is the reduction in the number of retransmissions necessary for a deeply faded user due to STTD (because the probability of both antennas in deep fade is small). In the 3810 packets simulated, no packets overflow is observed. The simulations also show that the system utilization is reduced to 72% compared with the single antenna case.

In Figure 5 and 6, the retransmission and the buffer occupancy probability is plotted for the case of STTD with 80 users. As shown in Figure 5, the distribution of the number of retransmissions is similar to that of the 40 users case. This result complies with our intuition that the group size should not affect the individual user retransmission probability. However, the buffer occupancy, as shown in Figure 4, is quite different from the 40 users case. In the 3810 packets simulated, one packets overflow is observed. The performance degradation compared with the 40 users case is due to a larger number of bottleneck users that may require excessive retransmission for some frames. Since each packet is composed of typically tens of frames (depending on the MCS selection), it is more likely that some users stay in poor channel condition during the whole packet transmission. The simulations also show that the system utilization increased to 94% compared with the 40 users case.
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Figure 1. Percentage of users that requires N ReTx, HS-DSCH with 40 MBMS users  
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Figure 2, Histogram of the buffer occupancy, HS-DSCH with 40 MBMS users.
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Figure 3. Percentage of users that requires N ReTx, HS-DSCH + STTD with 40 MBMS users  
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Figure 4, Histogram of the buffer occupancy, HS-DSCH + STTD with 40 MBMS users.
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Figure 5. Percentage of users that requires N ReTx, HS-DSCH + STTD with 80 MBMS users  
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Figure 6, Histogram of the buffer occupancy, HS-DSCH + STTD with 80 MBMS users.

5 Signalling Overhead

In this section, we discuss some of the overheads associated with the use of HS-DSCH as the transport channel for MBMS services. 

5.1 Downlink Overheads

The use of HS-DSCH requires reliable HS-SCCH transmissions between the base station and the UE. Use of HS-DSCH for MBMS services will therefore require the HS-SCCH to be power controlled to reach the worst active MBMS user, which can be a significant overhead. Note that the problem is compounded by the fact that for multicast services, scheduling gain is not expected to be significant. Additionally, each active MBMS user will also require a DL-DPCCH. In addition to the power consumption of these channels, it can also impact the code utilization – especially, when the MBMS group size is significant. The results presented in this contribution do not take into account the power consumption of these overhead channels, and is a subject of further study.

5.2 Uplink Overheads 

Once again, if HS-DSCH is used as the transport channel for MBMS services, each active MBMS user will have an active UL-DPCCH in addition to a HS-DPCCH that will be used to carry ACK/NACKs and channel quality indication (CQI). Clearly, for large MBMS groups, the uplink interference generated by these channels cannot be ignored.

6 Conclusions and Future Work

This study investigates the limits of performance benefits achievable by the use of HS-DSCH as the transport channel for MBMS. The main objective was to study the improvement in performance possible due to the use of advanced technologies, such as H-ARQ combining of retransmissions, fast scheduling and adaptive modulation and coding, that are available for HS-DSCH. As is evidenced by the results presented here, these benefits are indeed significant. However, we did not consider signalling overheads (both downlink and uplink). The effect of signalling overhead could result in significant power and code consumption particularly in the case of a large MBMS group. Techniques for improving these overheads are for further study. Clearly, HS-DSCH could be considered as an attractive option for MBMS service if these overheads are reduced. 

We conclude by remarking that the study presented here considered very simple scheduling, MCS selection and retransmissions policies, which minimize packet loss rate, but result in poor system utilization. Performance benefits due to more sophisticated scheduling and MCS selection algorithms are for further study.
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Annex 1: Simulation parameters

The system level simulation parameters are listed in Table 2 below.

Table 2 Basic system level simulation assumptions.
	Parameter
	Explanation/Assumption
	Comments

	Antenna pattern
	As proposed in [2]
	Only horizontal pattern specified

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometers

	Power allocated to HSDPA transmission, including associated signaling
	-10 dB
	Power control disabled

	Slow fading
	As modeled in UMTS 30.03, B 1.4.1.4
	

	Std. deviation of slow fading
	8 dB
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Max. # of retransmissions
	No Max # of retx, retx until succeed or buffer overflow
	Retransmissions by fast HARQ


	Fast HARQ scheme
	Quality based A2IR
	

	BS total Tx power
	Up to 44 dBm
	

	Frame duration
	2.0 ms
	

	Scheduling
	Always transmit
	

	Specify Fast Fading model
	Jakes spectrum
	Generated e.g. by Jakes or Filter approach 

	Multipath model
	Pedestrian, case 2
	

	Mobile speed
	3 km/h
	


The constant 64 kbps streaming model is shown in Table 3 below

Table 3 Streaming-traffic model parameters

	Process
	Parameters

	Packet Size
	1500 octets

	Time Between Packet
	μ = 3/16 seccond

(1500 octets / 64 kbps)

	Buffer Play-out Time
	2 seconds

	Buffer Size
	16000 octets


Annex 2: Packet error rate for FACH solutions

According to [2], with STTD space diversity, -7.9dB is required to achieve 1% BLER for a user of -3dB geometry with the same channel model as in our simulation. According to [3], with 80ms long TTI enhancement, the required power is 0.6 dB larger than that required by the STTD enhanced 20ms scheme. 

In our streaming traffic model, each packet is of fixed size 1500 bytes. Assume the same traffic model is used for system level study of FACH channel, each packet is composed of N frames as given by

N = Packet Size / Transport Block Size.

For 20 ms and 80 ms TTIs, the transport block (frame) sizes are 1280 bits and 5120 bits, respectively. Hence the corresponding numbers of frames in each packet are 9 and 2. 

A packet is in error if any of the component frame is decoded incorrectly when FACH is used, since retransmission is not specified for S-CCPCH. Assume independent fading between frames, the packet error rate correspond to 1% FER is roughly 9% and 2% for 20ms TTI and 80ms TTI frames, respectively. 
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