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1. Introduction

In the last RAN1 meeting, macro diversity for evolved UTRA/UTRAN was discussed[1][2][3]. In this paper, we discuss the possible macro diversity schemes and their gains especially for the uplink.

2. Uplink macro diversity schemes

2.1 Intra-Node B macro diversity 

As discussed in last meeting, there will be no problem for the multiple sectors in a same Node B in receiving an uplink packet at the same time and the packets received from multiple sectors can be combined by either selection or soft combining method. Moreover, downlink ACK/NACK transmission could be decided based on the overall packet reception result after the combining. Therefore, uplink macro diversity over the sectors in a same Node B will be possible by an implementation without a definition in the standard.

2.2 Inter-Node B macro diversity

Multiple Node Bs may receive the same packet transmitted by a UE at the same time, which doesn’t require any additional transmit power nor cause any additional interference in the uplink. Each Node B involved in the macro diversity should decode the received packet and the decoding results from the Node Bs should be gathered by an RNC or any kind of central controller so that selection of a correct data packet should be possible. However, uplink inter-Node B macro diversity requires additional complexity as follows.

· Non-scheduling Node Bs involved in the macro diversity for a UE should always read the uplink control channel indicating the timing and format of the packet to be transmitted by the UE.

· All the Node Bs involved in the macro diversity should transmit ACK/NACK to the UE, which requires additional downlink resources.

· As long as the timing synchronization between neighbour Node Bs is not guaranteed, the timing relationship regarding the HARQ operation between multiple Node Bs should be defined well. Additional delay in the HARQ process may not be avoidable. 

3. Gain of inter-Node B macro diversity

In Figure 1 (a) and (b), the link level gains of uplink macro diversity schemes are shown. Selection combining with 2 links and 3 links, soft combining with 2 links, and soft combining between 2 links with one additional selection combining link are considered. Transmission parameters follow the table 9.1.1-1 in TR25.814v0.1.1.

As shown in the figure, 2~3 dB link level gain can be achieved by selection combining with 2 and 3 links while 2 link soft combining shows 4~5 dB gain. Adding one selection combining link to the two soft combining links doesn’t show a considerable gain compared to the case of two soft combining links only. 
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(a) Ped-B, 3 km/hr
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Figure 1. Link level performance with macro diversity

In Figure 2, distribution of the UEs with selection combining links are depicted. Also in Table 1 (a) and (b), the portion of the UEs which obtain macro diversity gain by multiple cells with and without inter-Node B selection combining is shown. As shown in the tables, more than 30% of UEs can get macro diversity gain with inter-Node B selection combining while only about 6% of UEs can get macro diversity gain without selection combining. Even though these analyses show only preliminary results on the achievable gain, considerable gain is expected with uplink inter-Node B selection diversity.
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Figure 2. Distribution of UEs with selection combining links

Table 1. Portion of the UEs with macro diversity

(a) With inter Node B selection combining

	No diversity
	soft. 2-links
	soft. 3-links
	select. 2-links
	select. 3-links
	soft. 2-links +

1 select. link

	67.3 %
	4.5 %
	0.0 %
	18.0 %
	8 %
	2.2 %


(b) Without inter Node B selection combining

	No diversity
	soft. 2-links
	soft. 3-links
	select. 2-links
	select. 3-links
	soft. 2-links +

1 select. link

	93.8 %
	6.2 %
	0 %
	0 %
	0 %
	0 %


4. Conclusions

In this paper, we discussed possible macro-diversity schemes in uplink and showed some basic gains expected with the macro diversity.

In a intra-Node B case, uplink macro diversity may be obtained by either soft combining or selection combining by an implementation without complex specification.

In a inter-Node B case, a considerable gain with uplink inter-Node B selection diversity is expected with relatively low additional complexity. Therefore, we suggest to study the employment of uplink selective diversity for evolved UTRA/UTRAN in more details.
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