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1. Introduction

Precoding will be an integral part of DL LTE SU-MIMO operation. Precoding can be either done fixed for a single user for the whole allocated frequency band or frequency selective, down to a resource block (RB) per RB bases. In [1]
 we showed the performance of fixed precoding and frequency dependent precoding and its expected SNR gains for TU as well as SCM Urban Macro & Urban Micro channels. It had been shown, that for SCM channels (Urban Macro & Micro) the loss of fixing the precoding over the full TX bandwidth results only in a small negligible performance loss. The performance loss for the TU channel, which is more frequency selective, has been higher. 
In order to see the effect of fixed precoding compared to frequency selective precoding on the system performance, we investigate the worst case that we have seen in our simple link level simulations of [1], namely Typical Urban (TU), by means of system level simulations in this contribution.
2. Simulation Assumptions and Results 
The simulation assumptions are those agreed in [6]. A simple full buffer packet model was applied as traffic model. The Typical Urban channel, defined by the 3GPP in [2] was applied with appropriate bandwidth scaling. For the downlink system simulations, the EESM interface trained by the link simulations was applied in sub-carrier resolution. The basic system simulations have been performed according to the simulation assumptions captured in Table 1: 

	Environment
	Macro cell case 1, with 20 path TU @ 3 km/h. [2]

	Traffic model
	Full buffer

	Packet scheduling
	Proportional fair in both time and frequency. Maximum number of frequency multiplexed UEs, FDM = 6.

	Users per sector
	10

	eNode-B transmitter
	2-Tx PARC for dual-stream, and TXAA mode1 [3] precoded transmission for single-stream mode (fixed or frequency dependent precoding)

	UE receiver
	2-Rx LMMSE with ideal channel estimation

	Link to system model
	EESM

	HARQ
	Asynchronous adaptive HARQ with Chase combining

Independent H-ARQ processes per stream

	UL CQI report reception
	Are always received correctly by the eNodeB.

	Link adaptation
	Based on CQIs as well as Ack/Nack’s from past first transmissions for outer loop link adaptation. First transmission BLER target is 20%.

	CQI measurement error model
	Zero mean i.i.d. Gaussian measurement error with 1 dB standard deviation in the decibel SINR domain for each group of 2xPRB (24 sub-carriers)

	CQI quantization
	Quantization to 1 dB step is assumed.


Table 1 Summary of primary simulation assumptions.

The well known TXAA mode1 [3] having 4 phase states 
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 has been chosen as the single stream precoder under investigation. The following simulation cases have been selected in order quantify the advantage of frequency selective precoding:
· “1 RB” – optimal precoder selection for each RB of 12 consecutive subcarriers (50 precoder chunks). This is the optimal case/upper bound and is used as the reference in the reported investigations.
· “2 RB” – optimal precoder selection for each chunk of 2RBs (24 subcarriers)

· Similarly for “5 RB”, “10 RB”, “25 RB” and “50RB”. Note that for “50RB” the same fixed precoder is used for the whole transmission bandwidth (600 subcarriers).

· “Best RB (M=1)” – precoder selected based on the M=1 best RBs

· The same way, we investigate the fixed precoder selected based on the best M=2, M=6 and M=10 RBs (denoted with “2 Best RB (M=2)”, “6 Best RB (M=6)”, “10 Best RB (M=10)”)
The best resource blocks in the fixed precoder definition are chosen in a similar way as [4] and [5] with variable M based on the SINR. In contrast to [4], we still assumed full frequency domain CQI reporting in these simulations in order to separate the effect of precoding from the CQI reporting issue. 
As the E-UTRA system is targeted at serving packet traffic, the performance is dependent on the packet scheduling algorithms. The Proportional Fair (PF) scheduler has been used in the time resolution of a TTI as well as in time and frequency in case of Frequency Dependent Packet Scheduling (FDPS). The results are created in a multi-cell simulator, where statistics is collected from the cells of an eNodeB, located in the center of the simulation area. In order to make a rather conservative analysis and not overestimate the multi-user diversity effect also on the precoding, we limited the number of users within a sector to be 10. 
The results for frequency dependent precoding and fixed precoding based on the best resource blocks are shown in Fig. 1(a) and (b), respectively.
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Figure 1:  Sector throughput loss of frequency selective precoding (a) and fixed precoding based on best resource blocks (b) compared to precoding based on RB to RB basis.
When first having a look on the results for frequency dependent precoding in Fig. 1(a), we can clearly identify the trend of an increasing sector throughput loss with decreasing granularity in the frequency domain. For fixed reporting based on the full system bandwidth of BW=10MHz (corresponding to “50 RBs” in Fig. 1a), we get a resulting throughput loss of ~8%.  Considering the highly frequency selective TU channel, this system performance loss can be understood as an upper bound related to fixed precoding in general.

But now let us have a look on Fig. 1(b), where we also investigate fixed precoding, but the precoder selection is done based on the M-best RBs of the transmission bandwidth. Already in case of a small number of users per sector (=10), we see some multi-user diversity gain also related to the (for parts of the band imperfect) precoder selection. By feeding back just the index of a single precoder selected on the best e.g. M=6 resource blocks, we achieve the same system throughput loss than with frequency dependent reporting and precoding with a granularity of 5RBs (60 subcarriers) of about ~6% compared to the optimal case. With increasing number of users per sector the fixed precoder selected on the best RBs will further close the gap to the optimal case of independent precoder selection for each RB. 

In addition, one should not forget that the performance loss for fixed precoding in case of more frequency flat channels will be lower, as has been shown for the case of SCM Urban Macro or Micro in [1].  
3. Conclusions
In this contribution, a system performance comparison of fixed and frequency selective precoding for 2x2 setup is presented. The system performance results indicate that the precoder would need to be reported with a finer granularity than 60 subcarriers in order to outperform a single, fixed precoder selected based on the best resource blocks. 

Keeping the increased overhead related to feedback signaling in UL as well as increased control signaling or required higher number dedicated pilots for precoder indication in DL into account, the restriction to frequency non-adaptive precoding for FDD DL SU-MIMO seems to be reasonable.
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