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1
Introduction

This contribution discusses the reasons, from an operator’s point of view, why simulating 4Tx MU-MIMO with the widely spaced cross-polarized antenna configuration is necessary and important.

To summarize our case:
1. Operators are using a single cross-pol (radome) with 2 Tx antennas for their initial LTE deployment in Band-NEW. This is in addition to one or two radomes that are already being used for UMTS/GSM in Band-OLD. 
2. When operators are ready to deploy 4 Tx antennas, they may also be ready for LTE in Band-OLD. In this case operators will likely modify + reuse the legacy UMTS / GSM antenna systems for LTE in Band-OLD resulting in a “X____X” (widely spaced cross-pol) antenna configuration. On the other hand, to get to XX (closely spaced cross-pol), operators would have to replace legacy antenna systems.
3. It is questionable whether one radome with 2-colunm cross-pol is a practical option for 700 MHz deployments, which may require a much wider radome, and this could be a zoning nightmare.
4. Most operators are typically in a better position to add antennas than replace antennas:
a. Adding antennas, unlike replacing, minimizes system down-time.
b. Replacing antennas requires additional personnel to remove the old equipment, prior to replacing.
5. Unless there are major performance gains or structural benefits to doing this, operators will want to avoid replacing antennas.
6. Hence, replacement of antennas is unlikely to happen in as many places where reuse of legacy antenna systems is desirable.
 

Given this, we believe that 4Tx MU-MIMO with the widely spaced cross-pol antenna configuration is a highly likely deployment scenario and should be considered as a mandatory antenna configuration in the MU-MIMO work item.
2
MU-MIMO Simulations

In this section we provide system simulation results pertaining to the performance of MU-MIMO in both closely spaced dual cross-pol (“XX”) and widely spaced dual cross-pol (“X___X”) configurations. The results shown here are based on a Rel 9 MU-MIMO scheme using the UE specific RS from port 7 and 8 for the two UEs when SDMA is chosen. For the SU-MIMO case the Cell Specific RS from port 0 – 3 are used. 
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Figure 1: Spectral Efficiency for SU-MIMO and MU-MIMO
In Figure 1, we show the spectral efficiency of a 5 MHz LTE network with 10 UEs per sector. Since Rel 9 based MU-MIMO scheme is used here, it is only possible to pair two Rank-1 UEs with 1 layer per UE during the MU-MIMO transmission. While scheduling each Rank-1 UE, the system determines whether it should operate in SU-MIMO mode or in the MU-MIMO mode paired with another UE. This decision is made based on the maximization of the “goodput” based on the Rel 8 MCS scheme. Base on the pre-coding vectors (as determined by the PMI feedback) and the CQI levels of the two UEs, a ZF forcing matrix is used as the pre-coder in order to minimize cross-UE interference. On the other hand, a Rank-2 UE always operates in SU-MIMO mode with both layers given to that UE. More details on the simulation assumptions can be found in Appendix 1 of the document.
Despite the relatively simple nature of the MU-MIMO scheme implemented here we see some gains (relative to SU-MIMO) from MU-MIMO for both the ”XX” and ”X___X” antenna configurations as shown in Table 1. 

	Antenna Configuration
	Rel 9 MU-MIMO Gain

	Closely Spaced Cross-pol 
	9.93%

	Widely Spaced Cross-pol 
	5.43%


Table 1: MU-MIMO Gain for Various Antenna Configurations

These results are consistent with our previously held belief the ”XX” achieves higher gains from MU-MIMO due to the nature of the codebook and feedback constraints put forth by the Rel 9 specifications. However it should be noted that the performance of MU-MIMO scheme with “X___X” is comparable to that of “XX”, making it an equally interesting and legitimate scenario to consider for the MU-MIMO work item. Keeping both the “XX” and “X___X” configurations will allows RAN1 to make technology choices such as codebook design and feedback mechanism for Rel 10 that will work well in both scenarios. Note too that “XX” outperforms “X___X” even for SU-MIMO for this given environment. Still, it is possible that in other environments such UMi, “X___X” might be better; but we cannot conclusively say that at this point without further simulations; hence the need for mandating the simulation of 4Tx Widely-Spaced Cross-Polarized Antenna Configuration for LTE-Advanced MU-MIMO. [Note: to this end, in the simulation assumptions, AT&T is interested in UMi being evaluated, as this has a 19 degree angular spread; as compared to Case 1, which is 8 and 15 degrees].
3
Discussion 
Additional reasons why AT&T is in favor of keeping the “X____X” widely spaced cross-pol antenna configuration as part of the MU-MIMO analysis, and ensure that codebook design allows for MU-MIMO with “X__​​___X”:
a. Performance in highly dispersive environments: The performance of the “XX” configuration will degrade in high-scattering environments because the directed beams will not work well with paths that have high angular spreads. However, “X_____X” is more robust in this environment, as its performance doesn’t degrade. 
b. Performance of MU-MIMO with codebooks for “X_____X”: The three references [1], [2] and [3], discuss MU-MIMO and codebook design for uncorrelated channels. While they don’t explicitly state which antenna configuration is assumed, it can be deduced that they model the “X_____X” case due to the assumption of uncorrelated channels. 
We need to add “X_____X” as a mandatory configuration because it is more practical (at least initially) due to various implementation and operational constraints as explained previously. We agree this increases the simulation load, but that hardly seems reason enough to completely rule out a very important and very likely scenario. If companies are concerned about simulation time, we would go as far as to say that “X_____X” replace “||||” and thus, there is no increase over what might have originally been planned. We think “||||” might be seen as a reference point, but we can’t believe that too many operators are seriously considering deploying it.
4
Conclusions and Recommendations
In conclusion, AT&T asks that RAN1 re-consider and mandate simulation of 4Tx X_____X (widely spaced cross-polarized) antenna configuration for the MU-MIMO work item as well.
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Appendix 1
System-level simulation assumptions and parameters are shown in the table below.
System-level simulation assumptions

	Parameter
	Assumption

	Channel Model 
	SCM Urban Macro with 15o angular spread 

	Inter site distance
	1732 m

	Carrier Frequency
	700 MHz

	Propagation Model
	Hata Sub-Urban

	Traffic Model
	Full buffer

	Antenna Configuration 
	4-Tx eNB: 

· Cross-polarized, 0.5  spacing
· Cross-polarized, 4  spacing

	
	UE: 2 Rx cross-polarized -45˚/45˚, 0.25  spacing

	eNodeB Tx Power
	46 dBm

	eNodeB Cable Loss
	3 dB

	UE Noise Figure
	9 dB

	Duplexing Scheme 
	FDD 

	Channel Bandwidth
	5 MHz

	Max number of HARQ retransmissions 
	4  (fixed rate chase combining)

	Transmission Mode 
	ZFBF MU-MIMO with rank adaptation with up to 2 layers and 1 layer per UE. 

	Link adaptation 
	Realistic link adaptation based on CQI feedback from PUCCH and PUSCH
PUCCH feedback interval: 5 msec

PUSCH feedback interval: 20 msec

	Channel estimation 
	Non-ideal channel estimation on DM RS and CS RS (for CQI estimation)

	CSI Feedback
	Wideband RI, CQI on PUCCH, Wideband RI, sub-band PMI, and sub-band CQI on PUSCH

	Feedback Impairments
	4 RBs per subband 
Delay: 2 ms

	Rate Metric 
	Goodput based on MCS in Release 8 

	MU-MIMO Scheduler 
	Adaptively switches between SU-MIMO and MU-MIMO modes. The MU-MIMO scheduler is based on exhaustive search over all the allowed UE pairs. 

A UE pair is allowed based on two conditions:

1. PMI orthogonality. If the dot product of the precoders is less than 0.3, the pair is allowed.
2. CQI equality: If the absolute difference between the reported sub-band CQI values of the two UEs is 3, then the pair is allowed.  

	Number of users per cell 
	10 

	Receiver Assumption at the UE 
	MMSE 

	Scheduler 
	Proportional fair, in time and frequency
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