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1
Introduction

In the RAN1 meeting #62 contributions [1] and [2] provided the way forward for enhancements in the PUSCH and PUCCH feedback mechanisms respectively, for Rel 10 specification. The primary focus of these contributions was the 8 Tx system. However we believe that some of the ideas proposed in these contributions have benefits in a 4 Tx system as well and therefore should be considered as potential candidate feedback enhancements for a 4 Tx system in Rel 10 specifications.
To summarize our case:
a. We show that providing sub-band PMI information over PUCCH (along with sub-band CQI) improves the system capacity for a 4 Tx system. Since sub-band PMI over PUCCH is being considered as a potential enhancement for a 8 Tx system in Rel 10, it should be considered for a 4 Tx system as well.
b. The proposed PUSCH Mode 3-2 improves the system capacity while used in conjunction with sub-band PMI/CQI capability over PUCCH. Thus for a 4Tx system the PUSCH Mode 3-2 would be a natural candidate to improve the system capacity and user experience. 
 

Given this, we believe that the ideas proposed as a part of the way forward for PUSCH and PUCCH enhancements for an 8Tx system SHOULD be considered for a 4 Tx system as well. 
2
Benefits of CSI Feedback Enchantments
In this section we provide system simulation results highlighting the benefits of the proposed changes to the PUSCH and PUCCH feedback modes. The results shown are for a multi-cellular network with a 5 MHz channel bandwidth and with 10 UEs/sector. A detailed list of simulation assumptions and parameters is provided in Appendix 1. We model a fully adaptive closed loop MIMO system with the Rel 8 4 Tx codebook. In RAN meeting #62 it was decided that the codebook will remain unchanged (from Rel 8) in Rel 10 for a 4 Tx system [3].
We have considered 2 different scenarios based on which CSI feedback channel is used PUSCH or PUCCH, and how often. 
1. Scenario 1: Both PUSCH and PUCCH are used for CSI feedback. PUCCH is used with a periodicity of 5 msec and PUSCH is used with a periodicity of 25 msec. 

2. Scenario 2: Only the PUSCH is used for CSI feedback with a periodicity of 5 msec. Different UEs have different time offsets to stagger the PUSCH feedbacks in time. 
Scenario 2 provides a higher system capacity compared to Scenario 1, due to the higher feedback bandwidth available. However we feel that Scenario 2 is not practical since it consumes a relatively large portion of the available UL bandwidth for CSI feedback. On the other hand Scenario 1 is much more practical and perhaps provides a more realistic estimate of the system capacity. In the end both scenarios help us to understand the benefits of the proposed CSI feedback enhancements from different points of view. 
2.1 Scenario 1: PUSCH + PUCCH Feedback

In this scenario we consider three different feedback mechanisms, one based on the Rel 8 specifications and other two based on Rel 10 enhancements. 

1. Rel 8 PUCCH with Rel 8 PUSCH Mode 3-1. Since neither of these modes provide sub-band PMI, the PMI feedback was wideband. The CQI feedback was sub-band since both of these modes support it. 

2. Proposed Rel 10 PUCCH with proposed Rel 10 PUSCH Mode 3-2. Since both of these modes provide sub-band PMI the feedback was narrowband along with the CQI feedback. The details of the sub-band PMI feedback over PUCCH is discussed later in this section. 

3. Proposed Rel 10 PUCCH with Rel 8 PUSCH Mode 2-2. Just like the previous case both PMI and CQI feedback were narrow band, with the only difference being that the PUSCH feedback contains CQI and PMI information over only ‘Best M’ band (M = 3) instead of a full feedback over all the bands. 

These three feedback modes were carefully chosen to allow for the following comparison and understanding.
1. A comparison between the first and the second mode highlights the benefit of sub-band PMI for SU-MIMO. We are unable to include MU-MIMO results at this time, however we believe that in the case of MU-MIMO the benefits of sub-band PMI feedback is even more compared to that of SU-MIMO. 

2. A comparison between the second and the third mode highlights the benefit of the proposed PUSCH mode 3-2 over the PUSCH mode 2-2. 
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Figure 1: Spectral Efficiency of the Different CSI Feedback Mode in Scenario 1
In Figure 1, we compare the simulated spectral efficiency of the three feedback mode just described. By comparing feedback mode 1 and 2 we can clearly see the benefits of using sub-band PMI along with sub-band CQI in a frequency selective channel. A comparison of feedback mode 2 and 3 shows that we need to use the proposed PUSCH Mode 3-2 to take full advantage of sub-band PMI reporting. In Figure 2 we show the average, 10th percentile and 90th percentile user data rates for these feedback modes. 
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Figure 2: User Data Rates for Different Feedback Modes in Scenario 1
In order to provide sub-band PMI information on PUCCH we added a 5th report type on PUCCH. This is report is very similar to the Type 1 report as defined in [4] except that the sub-band information contained in the message provides PMI information instead of CQI. We also assumed that this report is sent in the sub-frame following a sub-frame where a Type 1 report was sent, i.e. the sub-band PMI information follows the sub-band CQI information. More details on the simulation assumptions can be found in Appendix 1 of the document.
2.2 Scenario 2: PUSCH Feedback
A mentioned earlier Scenario 2 is perhaps a more optimistic and less realistic mode, especially if the number of UEs is large. However, we feel that it is important to consider this scenario since it provides an upper bound of the system performance. This scenario can be more easily supported if the number of UEs in the sector is less, or if the UL traffic is less compared to DL, and thus, wasting more UL bandwidth for the sake of feedback is not a problem. The three feedback modes considered in this scenario are
1. PUSCH Mode 3-1: Sub-band CQI and wideband PMI is sent every 5 msec
2. PUSCH Mode 2-2: Sub-band CQI and sub-band PMI for the best ‘M’ bands is sent every 5 msec where M = 3.

3. PUSCH Mode 3-2: Sub-band CQI and sub-band PMI is sent every 5 msec. 

Shown in Figures 3 and 4 are the spectral efficiency and UE data rates respectively, for the three different feedback modes. Similar to scenario 1 we see that both system capacity and UE data rates can be improved by providing sub-band PMI along with sub-band CQI. The proposed Mode 3-2 provides the best overall system performance in this scenario. 
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Figure 3: Spectral Efficiency of the Different CSI Feedback Mode in Scenario 2
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Figure 4: User Data Rate for Different Feedback Modes in Scenario 2 
3
Conclusions and Recommendations
In this contribution we have presented simulation results that indicate the benefit of providing sub-band PMI over PUCCH and PUSCH. Even though only SU-MIMO was considered, it is our belief that such gains can also be expected in a MU-MIMO system. 

Since feedback enhancements for PUCCH and PUSCH are already being proposed for the 8 Tx case, it is possible to extend those to also cover the 4 Tx case.

In conclusion, AT&T recommends that RAN1 consider the enhancements as proposed in this document to provide sub-band PMI over PUCCH and PUSCH (i.e., Mode 3-2), for the 4 Tx case, in Rel’10.
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Appendix 1

System-level simulation assumptions and parameters are shown in the table below.
Table 1 System-level simulation assumptions

	Parameter
	Assumption

	Channel Model 
	SCM Urban Macro with 15o angular spread 

	Inter site distance
	1732 m

	Carrier Frequency
	2100 MHz

	Propagation Model
	Hata Sub-Urban

	Traffic Model
	Full buffer

	Antenna Configuration 
	4-Tx eNB: 

· Cross-polarized, 0.5  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 
	CL MIMO with adaptive rank selection 

	Link adaptation 
	Realistic link adaptation based on CQI feedback from PUCCH and PUSCH
Scenario 1:
PUCCH feedback interval: 5 msec

PUSCH feedback interval: 25 msec
Scenario 2:

PUSCH feedback interval: 5 msec.

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

	CSI Feedback Delay
	4 ms

	Rate Metric 
	Goodput based on MCS in Release 8 

	Number of users per cell 
	10 

	Receiver Assumption at the UE 
	MMSE 

	Scheduler 
	Proportional fair, in time and frequency
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