Antenna Ports

Comments from the editor

In Rel-8 (and Rel-9), it is stated in 36.211 that

An antenna port is defined by its associated reference signal
Unfortunately, the term is used in two meanings in 36.211:
1) to implicitly refer to the RS (and associated data) as suggested by the definition

2) to denote the output after (or input to) OFDM signal generation

For the downlink description, this ambiguity does not cause any problems as, from a specification point-of-view, downlink reference signals are not precoded. Hence, reference signals are fed directly into the OFDM signal generation and there is a one-to-one relation between the reference signal and the OFDM output.

With the introduction of uplink spatial multiplexing in Rel-10, a similar multi-antenna structure as in the downlink will be used also in the uplink. However, as the PUSCH demodulation reference signals will be precoded in case of spatial multiplexing, while the sounding reference signals will not, the usage of “antenna port” needs to be clarified. Furthermore, there might be antenna ports (in the second meaning above) without a unique reference signal. Examples of when this occurs is uplink precoding (which, unlike the downlink case, is visible in the specifications) and sounding and PUSCH transmission using different number of antenna ports.
In the latest revision of the CR, the definition of an antenna port is modified to 

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed.

This definition tries to capture the fundamental property of what is meant with an antenna port, namely that it is a “promise” to the receiver that signals/channels transmitted on the same antenna port pass through the same radio channel. Furthermore, the term “transmission port” used in some revisions of the CR is removed.

In the downlink, this modified definition has virtually no impact on the description in the specification (other than capturing the definition itself) and the existing specifications actually talks about “transmitting a reference signal on an antenna port”; wording that fits better with the second definition than the original one. If desirable, since an antenna port according to the new definition is decoupled from a reference signal, it in principle enables the possibility to specify a new antenna port for the synchronization signals instead of the current somewhat ambiguous wording that the antenna port is unspecified.
In the uplink, the following antenna ports are defined:

	Physical channel or signal
	Number of antenna ports configured
for respective physical channel/signal

	
	1
	2
	4

	PUSCH
	10
	20,21
	40,41,42,43

	SRS
	10
	20,21
	40,41,42,43

	PUCCH
	100
	200,201
	-


SRS and PUCCH reference signals are transmitted directly on their respective antenna ports, while the PUSCH has a reference signal per layer. The layers (including RS) are precoded and mapped to a set of antenna ports.
In case of the same number of antenna ports being configured for PUSCH and SRS, the precoded PUSCH and the SRS are transmitted on the same set of antenna ports. This ensures that uplink sounding can be used to predict the radio conditions for the channel over which PUSCH is transmitted.

In case of different number of antenna ports being configured for PUSCH and SRS, the precoded PUSCH and the SRS are transmitted on different  sets of antenna ports. The reason for this is to be able to predict the radio conditions which would be experienced by the PUSCH if it were transmitted on the same number of antenna ports as the SRS.
The PUCCH is transmitted on a set of antenna ports different from both PUSCH and SRS to allow the UE maximum implementation flexibility. Since the Rel-8/9 specifications does not use the term antenna port in the uplink and does not state any relation between PUCCH, SRS and PUSCH, a UE according to these release may in principle use separate “antennas” for the PUCCH (although in practice probably a single antenna is used). The table above preserves this freedom for the UE.

