
3GPP TSG RAN WG1 Meeting #42
R1-050880
London, UK, 29 August – 2 September, 2005

Agenda Item:
10.1
Source: 
Samsung

Title: 
Uplink Macro-Diversity in Evolved UTRA
Document for:
Discussion
1 Introduction

The objective of EUTRA study item is to develop a framework for the evolution of the 3GPP radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access technology [1]. In order to meet these goals, it is expected that Evolved UTRA would employ one or more forms of diversity to combat the effect of fast fading observed in a mobile cellular environment. Some examples of diversity sources are antenna diversity, frequency (or multi-path) diversity, multi-user diversity and Hybrid ARQ diversity etc. However, some companies are also emphasizing the need for inter Node-B macro diversity combining for evolved UTRA [3]. It is well-known that when one form of diversity is used, any additional form of diversity brings relatively smaller gains [6]. Therefore, it becomes very important to carefully study the benefits and complexity/overhead of inter Node-B macro diversity. In this paper, we provide some analytical discussion and link level performance simulations results showing potential gains from inter Node-B macro diversity.
The Macro diversity can be divided into two broad categories:

· Intra Node-B Macro-diversity: In this case, the signal received at potentially multiple sectors within a node-B can be combined to provide power (if combining performed) and diversity gain.

· Inter Node-B Macro-diversity: In inter Node-B macro diversity, the signal with the largest SINR can be selected in order to provide a diversity gain. Note that in this case, only selection gain is obtained because the signals from multiple Node-Bs are not coherently soft combined.  
It can be noted that the implementation of intra Node-B macro diversity is straightforward and can be beneficial without any additional complexity or overhead. This is due to the fact that the scheduler operation is generally performed in the Node-B. However, the inter Node-B macro diversity result in additional network complexity and coordination.
It should also be noted that uplink physical layer control signaling (not using hybrid ARQ) such as ACK/NACK and CQI feedback etc. cannot benefit from macro diversity combining. On the other hand, data transmission use hybrid ARQ and therefore can operate at higher initial FER reducing dependence on macro diversity combining to provide low FER.
2 Performance of Diversity

2.1 Error Rate Performance in a Fading Channel with Diversity
In this section, we present well-known analysis showing the fact that when one or more forms or order of diversity is already present in the system, any additional form of diversity brings minimum diversity gains.
The bit error probability of BPSK/QPSK in an AWGN channel is given as:
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With diversity order L, the probability density function of SNR per bit follows the chi-square distribution with 2L degrees of freedom:
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where ( is the average SNR per diversity channel. The bit error probability in a fading channel with diversity can be obtained by averaging the conditional error probability above over the fading channel statistics [5]:
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The bit error performance for the fading channel with diversity is shown in Figure 1. It can be noted that the most gains are achieved going from no diversity (L=1) to diversity order of 2 (L=2). As the diversity order is further increased the achievable gains saturates quickly. For diversity order 4 and greater, the performance starts approaching to that achieved in an AWGN channel.
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Figure 1: Performance with diversity
2.2 Performance of Macro diversity selection
In this section, we show the CDF of mean TTI SNR in order to demonstrate the gains from frequency and receive antenna diversity. The mean TTI SNR is calculated by taking mean of SNR over all the subcarriers. This will represent, for example, the gain from frequency-diversity in case of SC-FDMA in the uplink. Furthermore, the signals from the two receive antennas are coherently combined to assess the additional benefit from receive diversity. In order to see how much additional gain is possible from macro diversity combining, we simulate 2-way macro diversity selection combining on the received signals. The mean TTI for Inter Node-B macro diversity is the maximum SNR across the two Node-Bs. We did not consider any intra Node-B macro diversity in these simulations. In the presence of intra Node-B macro diversity combining, the gains from inter Node-B macro diversity selection combining would be further reduced.
The CDF of mean TTI SNR is shown in Figure 2 for flat fading channel and Typical Urban channel [7] with and without Rx diversity and macro diversity selection combining. The simulations were performed for a 5MHz system with 7.68Ms/s sampling rate. It can be noted that the frequency-diversity gain is approximately 13dB at 1% SNR outage point. The 2-way Rx-diversity provides further gain of approximately 5dB (including the 3dB SNR gain due to coherent combining across the two receive antennas).  It can also be noted that most of the diversity gains are exploited by frequency and receive antenna diversity. It should also be noted that the case presented here with 0.0dB imbalance represents the best case for macro diversity selection combining.
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Figure 2: CDF of mean TTI SNR, the average SNR is 0.0dB per Rx antenna
3 Uplink macro diversity link performance
3.1 Simulation assumptions

The evaluated uplink transmission scheme is SC-FDMA, specifically distributed FDMA (DFDMA). The detailed parameters are given in [8] and copied as below Figure 3 and Table 1 for convenience. We assumed a system bandwidth of 10MHz. 
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Figure 3: Sub-frame format with two short blocks/sub-frame

Table 1: Parameters for Uplink Transmission Scheme
	“Transmission bandwidth”
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/samples)
	Short block size
((s/samples)
	CP duration
((s/samples)


	10
	0.5
	66.67/1024
	33.33/512
	(4.1/63) ( 7,

(4.62/71) ( 1*


*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 pilot or data blocks and (x2/y2) for n2 pilot or data blocks

The other simulation assumptions are listed in Table 2. To perform the macro diversity selection combining 2 cells are configured and link imbalance between those two cells is taken into account such as 0dB and 3dB. The 3dB link imbalance means the ratio of average received SNR of serving and non-serving cell. For the hybrid ARQ, we consider Incremental Redundancy with a maximum of 4 transmissions.

Table 2: Simulation assumptions
	Propagation Channel
	Pedestrian B 3km/h

	Channel Estimation
	Ideal

	Number of Rx. Antenna 
	2 

	Channel coding
	Turbo code R=1/3

	Information bit rate
	1.2Mbps

	Modulation
	QPSK

	Hybrid ARQ
	IR

	Maximum number of transmission
	4

	Number of Hybrid ARQ process
	10

	Cell configuration
	2 cells and single user

equal mean attenuation factor or unequal mean attenuation factor for 2 cells


3.2 Simulation results

Figure 4 shows the initial BLER performance. In order to meet the initial BLER around 10%, Eb/No of -1.1dB and 0.2dB is required for balanced link case and 3dB link imbalanced case respectively. The macro diversity gain over no macro diversity is 1.4dB for link balanced case and 0.1dB for 3dB link imbalanced case respectively.
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Figure 4: UL Macro diversity: Initial BLER
In Figure 5 the average number of transmission is shown. The relative gain of macro diversity over no diversity has the similar trend as the gain in the above initial BLER.
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Figure 5: UL Macro diversity: Average number of transmission

4 Macro diversity impact on scheduling and Hybrid ARQ
The uplink multiple access scheme based on SC-FDMA can potentially exploit both frequency diversity and multi-user diversity. As is shown section 2.2, in the presence of frequency and receive diversity, the signal level received at different Node-Bs may not be much different therefore limiting the gains from macro diversity selection combining. In case of multi-user diversity, the transmissions are scheduled via the serving Node-B using channel sensitive scheduling. Therefore, users are potentially scheduled at peaks at the serving Node-B providing multi-user diversity gain and therefore leaving little room for additional sources of diversity. 
Moreover in case of hybrid ARQ, the serving node-B may not be aware of the packet success at some other Node-B, and therefore may schedule the retransmission anyway. This may result in waste of resources if there is no more data to transmit from the UE. On the other hand, increased Hybrid ARQ RTT is expected if success of packet is communicated to serving Node-B.

5 Conclusion
In order to meet the goal of higher data rates and higher spectral efficiency, the Evolved UTRA radio interface is expected to use one or more forms of diversity such as antenna diversity, frequency (or multi-path) diversity, multi-user diversity and Hybrid ARQ diversity etc. We have shown that when one form of diversity is used, any additional form (or additional order) of diversity brings relatively smaller gains. Therefore, it becomes very important to carefully study the benefits and complexity/overhead tradeoff of macro diversity selection in the presence of default sources of diversity in the uplink such as antenna diversity, frequency-diversity or multi-user diversity, intra Node-B macro diversity and hybrid ARQ diversity etc.
We also presented uplink macro diversity link performance in terms of initial BLER and average number of transmissions. The link level results show some macro diversity gain for the link balanced case. On the other hand, for the link imbalanced case the gain is very small. In a system level set-up with orthogonal uplink scheme such as SC-FDMA, there is no intra-cell interference at the serving Node-B. However, at the non-serving Node-B signals may be present from users in that Node-B creating a default link imbalance case. Moreover, at the system level, only a fraction of the users benefit from macro diversity gains. Also, some users will benefit from intra Node-B macro diversity. Therefore, the gains from macro diversity combining at the system level may not be significant. 
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