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1	Introduction
At RAN4 #84 (Berlin), a discussion paper [1] was presented to define metrics for evaluating different channel models [2]. In particular, a capacity metric was presented. One assumption behind this metric is that the receiver has perfect knowledge of the channel, but the transmitter has no knowledge.
In New Radio (and in LTE, too), CQI and CSI feedback allows communication of channel knowledge back to the transmitter. Furthermore, TDD transmission schemes generally rely on the reciprocity principle, enabling the downlink channel state to be estimated and inferred from the UE uplink signal without explicit feedback from the UE.
For these reasons, it is important to consider a capacity metric that assumes knowledge of the channel at the transmitter as well as the receiver. This discussion paper presents the definition of this metric. Some example plots are also provided using the IID channel.
2	Capacity Metric with Channel Known to Transmitter
The capacity for a MIMO channel where the channel is known to the transmitter (and receiver), is given by [3]:

[bookmark: ZEqnNum620113]	,	
where






 are the eigenvalues of,
is the channel rank
,
; the transmit energy in the ith channel mode, satisfying .

The optimal set of  satisfies
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where  is a constant and  is a clipping function such that values of x less than zero are set to zero. The choices for  are made to maximize C using the well-known water-pouring algorithm [3], which apportions the limited transmitter power to the different channel modes in an optimal way. Essentially, the algorithm allocates more energy to the stronger channel modes and less to the weak modes. The algorithm is summarized below:

Set an iteration count p to 1, then calculate  (from ):

	 	

Using this value of , the power allocated to the ith sub-channel is calculated:

	 	

If the energy allocated to the sub-channel with the lowest gain is negative, then we discard this channel by setting its  value to zero, and rerun the algorithm above with the iteration count incremented by 1.


The algorithm iterates until all  are non-negative. The zero values correspond to unused modes. The resulting values of  are used in  to compute the maximum channel capacity.
3	Comparisons
The IID channel (independent, identically-distributed – channel samples are complex white noise with unity variance) provides a convenient baseline channel model for comparing capacity for different channel dimensions. Capacity graphs are presented below to help develop intuition about the metric.
The main observation about the capacity with the channel known at the transmitter instead of only at the receiver can be seen in Figure 1. The plots shows capacity for an IID channel with the dimensions shown in the legend. In one example, on the left (channel unknown at Tx) we see that the capacity of an 8x1 channel (8 transmit, 1 receive) lies close to a simple 1x1 channel. On the right side (channel known at Tx), the 8x1 channel capacity matches that of the 1x8 channel. This is repeated for other cases – 8x2 and 2x8, 8x4 and 4x8, showing how optimal allocation of power in the transmitted modes increases channel capacity to what must be a maximum for the channel dimensions. Interestingly, capacity for 8x8 channels is slightly better for the known channel case.
[image: ]
[bookmark: _Ref498430252]Figure 1. Comparison of both capacity metrics for some channel dimensions in the IID channel.
Observation 1. Using channel knowledge at the transmitter allows systems with large number of transmitters (N) and few receivers (M) to achieve capacities equal to systems with M transmitters and N receivers, where without knowledge at the transmitter, capacity is much smaller.
In another example, we see capacity for unknown and known channel at transmitter with two receive antennas and from one to 64 transmitter antennas. For the unknown channel case, capacity reaches a limit as more transmitter antennas are added. For the known channel case, capacity increases by slightly more than 2 bits/sec/Hz for each doubling of the number of transmitters.
[image: ]
Figure 2. Comparison with fixed number of receivers and varying number of transmitters (IID channel).
Observation 2. Increasing the number of transmitters in a system without channel knowledge at the transmitter results in a capacity asymptote, whereas in a system with channel knowledge at the transmitter, each doubling of transmitter antennas increases capacity by roughly 2 bps/Hz.
4	Conclusion
This submission is presented to define the capacity metric for the case when the MIMO channel between transmitter and receiver is known at the transmitter (and receiver). Some graphs are presented to help understand the difference between this metric and the case where the transmitter has no knowledge of the channel. The following observations were made:
Observation 1. Using channel knowledge at the transmitter allows systems with large number of transmitters (N) and few receivers (M) to achieve capacities equal to systems with M transmitters and N receivers, where without knowledge at the transmitter, capacity is much smaller.
Observation 2. Increasing the number of transmitters in a system without channel knowledge at the transmitter results in a capacity asymptote, whereas in a system with channel knowledge at the transmitter, each doubling of transmitter antennas increases capacity by roughly 2 bps/Hz.
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