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1
Introduction

Discussion on whether to introduce CQI/PMI feedback mode 3-2 over PUSCH took already place within LTE Rel-8 standardization timeframe. Recently, as part of the Rel-10 work item on enhanced DL MIMO transmission, PUSCH 3-2 mode has surfaced again as possible candidate for UE feedback enhancements targeting DL MU-MIMO. 
MU-MIMO gains are typically found in spatially correlated environments and from this perspective wideband PMI reporting makes sense. The availability of frequency selective CQI information allows for exploiting frequency domain packet scheduling (FDPS) gains together with multi-user diversity. Therefore PUSCH mode 3-1 stands as a rational choice for DL MU-MIMO operation. On the other hand, PUSCH mode 1-2 is designed to harvest frequency selective precoding gains for SU-MIMO but lacks the ability to capture FDPS gains because of the single wideband CQI component. PUSCH mode 3-2 brings frequency selective PMI in addition to sub-band CQI reporting. It may be seen as filling the gap between PUSCH mode 3-1 and 1-2 and may help exploring the potential of SU-/MU-MIMO dynamic switching especially when the channel starts to decorrelate spatially (e.g. when the azimuth spread increases).
PUSCH mode 3-2 comes however with a high UL feedback overhead tag because of frequency selective PMI information – 4 bits per sub-band with the agreed 8-Tx codebook [1]. On the other hand, while sub-sampling the 8-Tx codebook obviously addresses the overhead issue, this should come by no means at the expense of performance. It has been noted in previous meeting that the two modes 3-1 and 3-2 have been tailored for different purposes and the overhead fine tuning of mode 3-2 should not be a matter of concern especially if this comes at the expense of modifying the just agreed codebook, which to some extent should even get a proper time frame for more indepth testing. In the following sections, we investigate in system level simulations the performance of PUSCH mode 3-2 and compare it against PUSCH mode 3-1, given the agreed 8-Tx codebook [1]. We conclude by providing our recommendation on whether to introduce PUSCH mode 3-2 in LTE Rel-10 or not.
2
System performance evaluation

We conducted a system level performance evaluation of PUSCH mode 3-1 and mode 3-2 given the agreed 8-Tx codebook [1]. Detailed simulation assumptions are listed in the appendix. PUSCH mode 3-1 acts as the reference against which we evaluate mode 3-2. 
Section 2.1 provides results in terms of average and cell edge spectral efficiency (SE) for rank 1-2 SU-MIMO whereas the results for MU-MIMO are found in Section 2.2.
2.1
SU-MIMO

Table 1: System level performance comparison for 8-Tx cross-polarized antenna setup. 
	
	8-Tx cross-polarized antennas

	
	8° angular spread
	15° angular spread

	
	Average cell spectral efficiency

[bps/Hz]
	5% cell edge spectral eficiency

[bps/Hz]
	Average cell spectral efficiency

[bps/Hz]
	5% cell edge spectral eficiency

[bps/Hz]

	PUSCH 3-1

Agreed 8-Tx codebook [1]:


	2.857 [+0%]
	0.1056 [+0%]
	2.812 [+0%]
	0.1056 [+0%]

	PUSCH 3-2

Agreed 8-Tx codebook [1]:


	2.867 [+0.35%]
	0.1075 [+1.80%]
	2.832 [+0.7%]
	0.1045 [-1.04%]


2.2
MU-MIMO

Table 2: System level performance comparison for 8-Tx cross-polarized antenna setup. 
	
	8-Tx cross-polarized antennas

	
	8° angular spread
	15° angular spread

	
	Average cell spectral efficiency

[bps/Hz]
	5% cell edge spectral eficiency

[bps/Hz]
	Average cell spectral efficiency

[bps/Hz]
	5% cell edge spectral eficiency

[bps/Hz]

	PUSCH 3-1

Agreed 8-Tx codebook [1]:

	3.113 [+0%]
	0.1344 [+0%]
	2.964 [+0%]
	0.1225 [+0%]

	PUSCH 3-2

Agreed 8-Tx codebook [1]:

	3.176 [+2.0%]
	0.1333 [-0.82%]
	3.012 [+1.6%]
	1.280 [+4.49%]


2.2
Discussion

Based on these simulation results, we make the following observations:
· SU-MIMO: 
PUSCH mode 3-2 brings limited performance improvement compared to mode 3-1. A plausible explanation is that frequency selective precoding competes together with frequency domain scheduling, and one can not extract maximum gains from both of them simultaneously. 
· MU-MIMO: 
PUSCH mode 3-2 brings a performance improvement compared to PUSCH mode 3-1 with the agreed 8-Tx codebook, however the measured gain is rather limited, in the territory of +2%. 
3
Conclusions

In this contribution we have discussed the potential introduction of PUSCH mode 3-2 for UE CSI feedback in LTE Rel-10. Based on provided system simulation results, the following recommendations are made:

· With the agreed 8-Tx codebook for PMI feedback, PUSCH mode 3-2 has limited potential for improving DL MU-MIMO performance.
· As these limited gains have been obtained with currently agreed 8Tx codebook, further consideration of sub-sampling does not make sense as obviously the performance cannot be further improved when trimming the codebook entries, on the contrary, gains may be totally wiped out.
· As similar limited gains from mode 3-2 have been reported in a companion contribution on 4Tx [2], we see little benefit from the introduction of such mode. However, if the community sees a need for adopting this feature, we believe the 8Tx operation should happen on the agreed codebook, given the considerations above.
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Appendix – System simulation assumptions

Table 3. System simulation assumptions. 
	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site, center cell simulated

	Users per sector
	10

	Traffic model
	Full buffer

	Receiver tupe
	LMMSE 

	Channel model
	SCM urban macro high/low spread for 3GPP case 1, 3km/h

	BS Antenna configuration
	8 Tx cross-poles 0.5 λ spacing [-45o, 45 o]

	UE antenna configuration
	2 Rx cross-poles 0.5 λ spacing [0 o, 90 o]

	Downlink transmission schemes
	1) 8x2 SU-MIMO with rank adaptation

2) 8x2 MU-MIMO ZFBF with 1 layer per UE


	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain. 

	Downlink link adaptation
	Feedback granularity:
W1: 50 PRB
W2: 6 PRB
CQI 6 PRB
PMI: 6 PRB

CQI/PMI feedback period: 10ms
CQI/PMI feedback delay: 6ms

	Channel estimation for CQI/PMI/RI
	Realistic channel estimation over CSI-RS for CQI/PMI/RI calculation

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, asynchronous.

	
	no error on ACK/NACK

	
	6 ms delay between re-transmissions

	Control Channel overhead,
	LTE: L=3 symbols for DL CCHs

Average RS overhead [TR 36.211]
UE specific RS enabled
1.0 RE per port
2 CRS antenna ports

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg


