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1. Introduction

It was agreed in [1] to study the performance benefit of standards enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. The study item consists of two phases: phase 1 for baseline performance evaluation and phase 2 for enhancement study.
This contribution provides some observations on possible enhancements for TDD operation, considering particularly SRS and CQI based on simulation results in [2]. 
2. SRS Enhancement 
Since a higher user density might be supported by a 3D-MIMO system, SRS capacity may need to be enhanced for channel-reciprocity based MIMO operation. In general, there are two alternatives to enhance the SRS capacity: 1) increasing the number of cyclic shifts (CSs) for differentiating the SRS sequences in a given sounding band, and 2) increasing the number of combs (or Repetition Factor - RPF) in the given sounding band, e.g. from 2 to 4. 
Let 
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 denote the number of CS and RPF respectively. There is a tradeoff between the choice of 
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, i.e., we must have 
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, where 
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 is the OFDM symbol length and 
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 is the UE’s delay spread. As a consequence, increasing 
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 limits the choice of 
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 and vice versa. In other words, we cannot increase the number of CS and the RPF at the same time. In contrast to CS, separating UEs with different comb patterns does not require the alignment of sounding bandwidths and base sequences. Therefore, it is more flexible in practice to use a higher RPF to enhance the SRS capacity. We will evaluate the link level performance impact by increasing the RPF. 
In figures 1 and 2, we provide link level simulation results for increasing PRF within different sounding bandwidths. For the sake of a fair comparison, we consider a 3dB power boosting per subcarrier on which SRS is transmitted for the case of RPF=4.
Table 1. Link level simulation parameters

	Parameter
	Value

	Carrier frequency
	2.5 GHz

	Transmission bandwidth
	10 MHz

	Antenna configuration
	1x1

	Channel model
	UMi

	UE velocity
	3km/h

	SRS bandwidth
	8PRB, 24PRB

	Number of UEs by CDM
	1, 4

	Channel estimation
	LMMSE assuming uniform distributed PDP
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Figure 1. MSE performance for different RPFs and numbers of CDM UEs for 8RB sounding bandwidth
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Figure 2. MSE performance for different RPFs and numbers of CDM UEs for 24RB sounding bandwidth

From above figures, it can be observed that for low sounding load case, e.g. 1 CDM UE in the sounding bandwidth, increasing RPF from 2 to 4 will not bring any performance loss. However, in a higher load case, e.g. 4 CDM UEs with different CSs in the sounding bandwidth, RPF 4 will lead to a significant performance loss for a small sounding bandwidth. Such a performance loss becomes much smaller if the sounding bandwidth is increased. 
These simulation results show that increasing RPF may increase the interference among multiple UEs, but such degradation may be smaller for relatively large sounding bandwidths. Considering that separating UEs by means of different comb patterns does not require the alignment of sounding bandwidths and base sequences, we have the following observation:

Observation 1: Supporting RPF larger than 2, for example 4, may need to increase sounding bandwidth to mitigate UE interference. 
3. TDD CQI Enhancement 
For a TDD system, channel reciprocity can be exploited for channel state estimation for 3D MIMO. The channel state information (CSI) is obtained from uplink channel sounding, and no CSI quantization is needed, so the performance loss due to quantization error can be avoided.
 Simulation results [2] show that 3D MIMO based on channel reciprocity (non-codebook based precoding) can generally outperform codebook based 3D MIMO by assuming ideal CQI feedback. But it was found that since the TDD CQI (non-PMI based CQI) in LTE/LTE-A is based on the assumption of a TM2 transmission, the CQI feedback from a TDD UE has to be corrected by a factor determined by the eNB according to its estimation of the relative gain of TMx over TM2, where the ‘TMx’ means the actual transmission mode for the UE like TM7,TM8, TM9, or TM10. With the increase of the number of TXRUs and especially the introduction of the complex 2D antenna array in 3D MIMO, each user may have more opportunity to be served with high rank spatial multiplexing. On the other hand a high order multi-user MIMO will be supported for more efficient spatial reuse. All these features lead to a more dynamic and larger gap between TMx and TM2 performance gains, depending on each UE’s receiving capability, and thus it becomes very difficult to estimate and compensate such a gap at the eNB side without any extra UE feedback. Based on this observation, we have the following general proposal,

Proposal 1: To improve the CQI feedback accuracy for TDD channel-reciprocity based 3D-MIMO operation, CQI based on the actual configured TM needs to be fed back to the eNB by providing companion information with TM2-based CQI.  

In order to retain backward compatibility, this information could be provided in the form of the existing TM2-based CQI plus some additional companion information to indicate the delta in CQI between TM2 and the configured TM. The eNB would then be responsible for reconstructing the TMx CQI from this TM2 CQI and associated companion information, for example by the following procedure:
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4.  Conclusion

In this paper, we have discussed the potential impact of 3D MIMO on SRS and CQI for TDD operation, and we make the following preliminary proposals and observations:
Observation 1: Supporting RPF larger than 2, for example 4, may need to increase sounding bandwidth to mitigate UE interference. 
Proposal 1: To improve the CQI feedback accuracy for TDD channel-reciprocity based 3D-MIMO operation, CQI based on the actual configured TM needs to be fed back to the eNB by providing companion information with TM2-based CQI.  
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