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7.1.2.5
Inter-cell interference mitigation
There are three, not mutually exclusive approaches to inter-cell interference mitigation: 
· Inter-cell-interference randomization

· Inter-cell-interference cancellation

· Inter-cell-interference co-ordination/avoidance
In addition, the use of beam-forming antenna solutions at the base station is a general method that can also be seen as a means for downlink inter-cell-interference mitigation. The main focus during the study item has been on different schemes for interference coordination. The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the downlink resource management (configuration for the common channels and scheduling for the non common channels) in a coordinated way between cells. These restrictions can be in the form of restrictions to what time/frequency resources are available to the resource manager or restrictions on the transmit power that can be applied to certain time/frequency resources. It has been concluded that this is mainly a scheduler implementation issue apart from additional inter-node communication and/or additional UE measurements and reporting.
7.1.2.6
Unicast/MBMS Superposition
The channel-coded, interleaved, and data-modulated unicast and MBMS information is superimposed and mapped onto the same OFDM time/frequency symbols. The unicast users decode and cancel MBMS signal before proceeding with unicast decoding. In a single frequency network (SFN) MBMS transmission, interference from all the cells transmitting the same MBMS content is cancelled in a single-step by cancellation of the composite received MBMS signal. The composite received signal is reconstructed for cancellation purpose by using the composite channel estimates based on MBMS reference signal. The total Node-B power is shared between unicast and MBMS. The UEs receiving only MBMS traffic need not be aware of if unicast traffic is transmitted on the same resources or not because MBMS simply experiences unicast transmission as background interference. The Node-B schedules only interference cancellation capable UEs in superposition with MBMS. The UEs that are not capable of interference cancellation can be scheduled on orthogonal time/frequency resources to those used for MBMS.  The unicast reference signal, MBMS reference signal and other downlink control channels use orthogonal time/frequency resources.
< … > 
13.8
Support for point to multipoint transmission
It was found that E-UTRA point to multipoint transmission can be specified such that the corresponding requirements outlined in [4] can be met or exceeded.

The study confirmed the feasibility of efficiently multiplexing point to point and point to multi-point transmissions over the same physical channel structure thus allowing for simultaneous support of unicast and multicast services in the UE with minimum additional receiver complexity compared to UE supporting unicast services only. Such a structure also allows for the operation of point to multipoint transmissions on a separate carrier when there is a need for higher capacity as could be the case when offering mobile TV services.

The study found that with E-UTRA it would be feasible to operate point to multipoint transmissions as a single frequency network and benefit from energy combining without experiencing inter-cell interference; this is feasible provided that the cells are synchronized within a few micro seconds, that the OFDM symbol cyclic prefix duration is long enough compared to the time difference between the signals received from multiple cells; this also requires that the channel structure is such that at known time instants the exact same signal is transmitted from a cluster of neighboring cells; the UE will then receive the signals from multiple cells as if they were transmitted from a single cell; the interference contribution therefore only results from thermal noise and interference from cells not in the multicast cluster or cells which timing is significantly outside of the cyclic prefix. This mode of operation is often referred to as single frequency network (SFN) and is used in state of the art digital broadcast systems. E-UTRA would still allow point to multipoint transmission within a cluster of asynchronous cells. Four cases are identified depending on the network synchronization and content transmission:

-
Transmission with synchronous cells

-
Cell common point to multipoint transmission 

-
E-UTRA provides significant improvements over Rel-6 MBMS  (see Table 13.8-1)

-
Cell specific point to multipoint transmission

-
This scenario has not been fully evaluated but no significant gain is expected over Rel-6 MBMS.

-
Transmission with asynchronous cells 

-
Cell common point to multipoint transmission

-
E-UTRA is expected to perform worse than Rel-6 MBMS with combining of multiple cells. This assumes that for E-UTRA the UE would not support simultaneous data reception from multiple asynchronous cells.

-
Cell specific point to multipoint transmission

-
This scenario has not been fully evaluated but no significant gain is expected over Rel-6 MBMS.

Table 13.6 provides a summary of the expected spectral efficiency of synchronized multi-cell point to multi-point transmission (i.e. SFN operation). The actual efficiency is directly related to the C/I at the edge of the cell and therefore highly sensitive to the maximum cell transmit power, the propagation loss (site distance, frequency band) and the cyclic prefix duration. The corresponding E UTRA requirements have to be clarified in order to proceed with the selection of the proper cyclic prefix duration for point to multipoint transmission.

Table 13.6: Spectral efficiency of SFN multicast for E-UTRA 

	Case
	Band

(MHz)
	Site to site distance

(m)
	Speed

(kph)
	SFN Multicast 

1% BLER, 95% coverage

(Mbps)

	1
	2000
	500
	3
	> 5.5 (1.1 b/s/Hz)

	2
	2000
	500
	30
	> 5.5 (1.1 b/s/Hz)

	3
	2000
	1732
	3
	< 2.5 (0.5 b/s/Hz)

	4
	900
	1000
	3
	> 5.5 (1.1 b/s/Hz)

	Note:
5 MHz allocation, all cell resource assigned to multicast services, reference signal overhead is accounted for, any other control channel overhead is not accounted for.


Additional details can be found in [5] and in clauses 7.1.1.6 and 8.1.3 of [2].
Table 13.7 provides a summary of the expected spectral efficiency of synchronized multi-cell MBMS and unicast superposition. An additional 1.28 b/s/Hz spectral efficiency (using 16-QAM modulation, 2/3 coding rate and 1x2 antenna configuration) can be provided for multi-cell MBMS when MBMS signal is superimposed on unicast resources. This meets and exceeds the multi-cell MBMS spectral efficiency requirement of 1.0 b/s/Hz without requiring an additional separate resources for MBMS. A 2x2 MIMO spatial multiplexing MIMO configuration is assunmed for unicast. The unicast spectral efficiency is unaffected by superposition. This can also be seen as though unicast has now more resources available because MBMS does not need separate resources and hence improving unicast spectral efficiency.
Table 13.7: Spectral efficiency with MBMS/Unicast superposition for E-UTRA 

	Case
	Band

(MHz)
	Site to site distance

(m)
	Speed

(kph)
	SFN Multicast 

1% BLER, 95% coverage
(Mbps)
	Unicast

(Mbps)

	1
	2000
	500
	3
	12.8

 (1.28 b/s/Hz)
	15 

(1.5 b/s/Hz)

	Note:
10 MHz allocation, 52% total overhead to account for CP, unicast reference signal, MBMS reference signal and other control assumed. 
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