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1. Introduction

For EUTRA MBMS, inter-Node-B macro diversity can be considered, which is already captured in TR25.814 [1]. Inter-Node-B macro diversity for EUTRA MBMS can be obtained by several manners and the efficiency of each scheme is closely related to the network time synchronization status. In this paper, we discuss the options of inter-Node-B macro diversity for EUTRA MBMS and suggest a text for TR25.814 relevant to that.

2. Inter-Node-B macro diversity for  EUTRA MBMS

2.1 Gain of inter-Node-B Macro diversity

Node-B transmission power for MBMS will be larger than that for the other dedicated services to support the cell boundary UEs so that MBMS transmission can cause a serious interference between the neighbour cell sites and the MBMS throughput can be limited by transmission power. By employing inter-Node-B macro diversity, required transmit power for each cell site to obtain a certain coverage can be reduced, or reversely, supportable MBMS coverage with a certain transmit power can be increased. It should be also noted that multi-cell or multi-Node-B transmission may not cause an additional radio resource consumption but  could be a nature of MBMS transmission.

Figure 1 shows a simulation result of broadcasting performance of OFDM downlink with multiple cell transmission and soft combining. Simulation assumptions are shown in Table 1.

Table 1. Simulation parameters

	Parameters
	Values

	Sub-frame duration (ms)
	0.5

	Modulation & channel coding
	16QAM, Turbo code, R=1/3

	Number of channel coded bits
	3072, distributed evenly over whole subframe

	Channel model
	Pedestrian B, 3 km/hr

	Pilot distribution
	1 OFDM symbol dedicated to pilot channel, ~8% pilot power overhead over whole subframe.

	Number of antennas
	Tx 2, Rx 2 (STTD transmission, MMSE receiver)

	Number of soft combining links
	1/2/3

	Link imbalance
	0/3/6 dB
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Figure 1. Gain of OFDM downlink macro diversity

As shown in the figure, it is clear that the possible gain with downlink macro diversity is very large. Therefore, we think supporting inter-Node-B macro diversity should be considered for EUTRA MBMS.

2.1 Macro diversity options

For EUTRA MBMS, different inter-Node-B macro diversity strategies can be considered especially depending on the network time synchronization status.

(a) Selection combining without tight network time synchronization

Without a tight network time synchronization, soft combing at UE side will be impractical due to the excessive soft-buffer consumption. Therefore, selection combining at UE side can be a practical solution. In the selection combining scheme, Node-B’s belonging to a sub-set for the selection combining transmit the same MBMS data, but the scheduling and resource allocation can be different between Node-B’s. UE demodulates and decodes the MBMS transmission from each Node-B independently, then selects a correctly decoded one. 

Pros and cons of selection combining scheme are as follows:

Pros:

· Precise network time synchronization is not necessary.

· Tight coordination between Node-Bs on the MBMS scheduling and resource allocation is not necessary.

Cons:

· Transmission of the same MBMS data will operate as interference between neighbour cell sites.

· UE receiver complexity increases (independent FFT, demodulation, decoding, etc.).

Especially, to reduce the inter-site interference between MBMS transmission, it will be desirable to separate the frequency domain resource allocation for MBMS transmission between neighbour sites by a random or a pre-coordinated manner. 

(b) Soft combining with a sufficient network time synchronization

With a sufficient network time synchronization, soft combining with simultaneous MBMS transmission from a sub-set of Node-Bs can be possible, where two multiple transmission options can be considered as in the case of intra-Node-B macro diversity for unicast data [1][2]. That is, 

(Option 1)
· The same pilot pattern is used for MBMS transmissions from the Node-B’s belonging to the sub-set for the soft combining. In this case, from a UE point-of-view the multi-Node-B transmission will be identical to a single-Node-B transmission using a different antenna pattern.

(Option 2)
· Different pilot patterns are used for MBMS transmission from different Node-B’s
Pros and cons of soft combining scheme are as follows.

Pros:

· Transmission of the same MBMS data doesn’t operate as interference between neighbour cell sites.

· UE receiver complexity is small (possibly, no additional complexity for option 1).

Cons:

· Tight network time synchronization within CP length is required.

· Precise coordination of scheduling and resource allocation for MBMS transmission is required between Node-Bs belonging to the sub-set for the soft combining. Anyhow, this requirement may be relaxed if a fixed resource allocation format is used for MBMS transmission, for example, MBMS transmission may always occupy 1 whole subframe.

It should be also noted that network time synchronization for EUTRA may be necessary for the other reasons than the inter-Node-B macro diversity. One special example is to avoid the inter-cell interference caused by overlapped uplink/downlink transmission between neighbour cells during a TDD operation. Therefore, direct coupling of a network time synchronization option to a MBMS macro-diversity scheme may not be absolutely valid. For example, it is possible to support only selection combining  regardless of the network time synchronization status even though the network time synchronization is supported for some other purposes.

4. Conclusions

In this paper, several options for inter-Node-B macro diversity for EUTRA MBMS were discussed. Based on that discussion, we suggest investigating the possibility of supporting inter-Node-B macro diversity for EUTRA MBMS further. It is also proposed to include the related text attached in the end of this paper into the TR25.814 [1].
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7.1.1.5
Downlink macro diversity

Fast cell selection is one option for macro-diversity for unicast data.. In principle, Intra-Node-B selection should be able to operate on a sub-frame basis while the "speed" of inter-Node-B cell selection will depend on the outcome of discussions on Evolved UTRAN architecture. 
An alternative Intra-Node-B macro diversity scheme for unicast is a simultaneous multi-cell transmission with soft-combining. The basic idea of multi-cell transmission is that, instead of avoiding interference at the cell border by means of inter-cell-interference coordination, both cells are used for transmission of the same information to a UE thus reducing inter-cell interference as well as improving the overall available transmit power. Another possibility of intra-Node-B multi-cell transmission is to explore the diversity gain between the cells with space-time processing (e.g. by employing STBC through two cells). Assuming Node-B-controlled scheduling and that fast/tight co-ordination between different Node B is not feasible, multi-cell transmission should be limited to cells belonging to the same Node B
Two alternatives for multi-cell transmission have been proposed,

· Alternative #1
The same pilot pattern is used for the transmissions from the two cells. In this case, from a UE point-of-view the multi-cell transmission will be identical to a single-cell transmission using a different antenna pattern, 

-   Alternative #2
Different pilot patterns are used for the transmission from the two cells. 
The impact of the two alternatives on the pilot design and overhead, if any, needs further investigations.

For multi-cell multicast/broadcast, both inter-Node-B and intra-Node-B macro diversity should be considered for further investigation.
Without tight requirement of the network time synchronization, selection combining can be considered as an inter-Node-B macro diversity scheme for multi-cell multicast/broadcast for a sub-set of Node-B’s. In this case, different pilot patterns are used for the transmission from different Node-B’s and the overlapping of the frequency resources used for multicast/broadcast transmission from Node-B’s within the sub-set should be restricted by a random or a pre-coordinated manner.

Assuming a sufficient network time synchronization, soft combining with a simultaneous transmission from a sub-set of Node-B’s can also be considered as an inter-Node-B macro diversity scheme for multi-cell multicast/broadcast, for which two alternatives are possible,

· Alternative #1
The same pilot pattern is used for multicast/broadcast transmissions from the Node-B’s belonging to the sub-set for the soft combining. In this case, from a UE point-of-view the multi-Node-B transmission will be identical to a single-Node-B transmission using a different antenna pattern.

-    Alternative #2
Different pilot patterns are used for multi-cell multicast/broadcast transmission from different Node-B’s
As an intra-Node-B macro diversity scheme for multi-cell multicast/broadcast, soft combining scheme similar to the case of unicast data transmission can be considered.

7.1.2
Physical layer procedure
End of the text proposal -----------------------------------------------------------
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