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1. Introduction
Intensive discussions on feedback enhancement are taking place in RAN1. The aim is to improve the performance for MU-MIMO as well as SU-MIMO. Needless to say there are a plethora of candidate schemes. One of the candidates is to introduce PUSCH 3-2 so as to make it possible to have both frequency-selective precoding and frequency-selective CQI at the same time. This contribution discusses PUSCH 3-2 as a feedback enhancement candidate and also provides system level simulations results to quantify the potential gains.

2. PUSCH 3-2 as Feedback Enhancement
Generally, the gains of further feedback enhancements seem rather limited. Gains are typically in the single digit range and quite often just a few percent, especially for the most prioritized antenna setup and most relevant channel scenario. At the same time, introduction of UE specific RS means that Rel-10 already gives a competitive MU-MIMO performance. This makes it questionable whether there is a real need of a feedback enhancement or whether it makes more sense to focus the efforts on finalizing the specifications in other areas.

Observation

· Feedback enhancement gives rather limited gains – questionable whether we really need it

Proposal

· Consider whether further feedback enhancements are at all needed

If it is deemed necessary to enhance the feedback, candidate schemes for feedback enhancement better be clean and simple, considering the rather limited gains that are achievable. Candidates need to be assessed based on implementation and standardization complexity as well as testing efforts for ensuring a consistent UE behavior. 
PUSCH 3-2 is one rather straightforward candidate scheme which enables frequency-selective precoding at the same time as frequency-selective CQI. It was for some time present in Rel-8 standardization and is thus simple to re-introduce in the specifications. It is also obeying the same testing methodology devised for Rel-8 in RAN-4 performance requirements making it relatively simple to introduce compared to most other proposals on feedback enhancement. Consequently, introduction of PUSCH 3-2 received significant support last meeting [1] 

 REF _Ref277073473 \r \h 
[2] , although no concrete decision was made.
Proposal

· As a candidate feedback enhancement, consider introducing simultaneous support of frequency-selective precoding and frequency-selective CQI by means of PUSCH 3-2 for 2, 4, and 8 Tx.

By avoiding the need of selecting between frequency-selective precoding and CQI, PUSCH 3-2 has the potential of giving gains for both SU-MIMO and MU-MIMO, as will be evident from the simulations results presented in a later section.
3. Details of PUSCH 3-2
For 2 and 4 Tx, PUSCH 3-2 can borrow from the design it had in Rel-8. CQIs are hence separately reported per codeword and differentially encoded per subband with respect to the wideband CQI of the corresponding codeword, exactly like in PUSCH 3-1. The PMI reporting is similar to PUSCH 1-2 implying that PMI is reported per subband. 
Proposal

· The PUSCH 3-2 candidate would re-use exactly the same CQI reporting mechanism from Rel-8 PUSCH 3-1 

· For 2 and 4 Tx, PMI is reported per subband
If the entire codebook is reported, the number of PMI bits per subband for 2 Tx is 2 and 1 bits for rank 1 and 2, respectively. For 4 Tx, 4 bits per subband would be used regardless of rank. Clearly, the signaling overhead of PUSCH 3-2 is high and that was also the main reason why it was removed from Rel-8. Reducing the signaling overhead is however easily accomplished without significant performance loss by using a fixed precoder in the full rank case; the gains of precoding in that situation are anyway very limited. Such an optimization is perhaps best motivated for the 2 Tx case while for the 4 Tx codebook and double CQIs an high overhead for rank 2 and 3 is anyway incurred.
Observation

· The signaling overhead of PUSCH 3-2 is rather high

Proposal

· The number of PMI bits per subband are set to
· 2 Tx: 2 bits for rank 1, 0 bits for rank 2 (fixed precoder)
· 4 Tx: 4 bits for all ranks
For the case of 8 Tx, the codebook structure is totally different in that the precoder is formed as a product W=W1W2. The inner precoder, W1, would here be fixed for the entire bandwidth while reporting for W2 would be per subband. Also in this case is the feedback overhead potentially high, requiring 4 bits per subband if the full codebook for W2 is used. Fortunately, it turns out that only 2 bits per subband is needed and that adding two more bits on top of that does not give a meaningful gain. As system level simulation results will show, the gain of PUSCH 3-2 comes almost exclusively from the components in W2 that co-phases the two orthogonal polarizations (QPSK co-phasing requiring 2 bits) while the column selection in W1 performed by W2 (selecting 1 out of four DFT vectors requiring 2 bits) leading to small scale beam-jittering among neighboring DFT vectors from one subband to another does not contribute in a significant manner to the performance. It is thus very hard to motivate introducing two additional bits per subband, leading to as much as 26 extra bits per 20 MHz carrier.
Observation

· 8 Tx precoder formed as a product W=W1W2
· W2 performs co-phasing of polarizations (2 bits) as well as column selection in W1 (2 bits)
· Co-phasing gives essentially all the performance gain of PUSCH 3-2 compared with PUSCH 3-1
· Difficult to justify introducing two additional bits per subband to also support column selection

Proposal

· A single wideband W1 is reported

· W2 is reported per subband using 2 bits for co-phasing for rank 1 and 2.
4. System Level Simulation Results
In order to assess the possible benefits of introducing PUSCH 3-2 for simultaneous CSI reporting of frequency-selective precoding and frequency-selective CQI, system level simulations comparing PUCCH 3-1 and PUSCH 3-2 were conducted for 4 and 8 Tx in the Urban Macro scenario with closely spaced cross-polarized antennas. The latter corresponds to the most prioritized antenna setup.  Further simulations assumptions are presented in the appendix.
The results for 4 Tx SU-MIMO are shown in Table 1. PUSCH 3-2 is seen to give some gains over PUSCH 3-1. Compared to MU-CQI [3] , the gains are much more significant. Clearly, introduction of PUSCH 3-2 qualifies as a candidate for feedback enhancement even based on the performance gain for SU-MIMO. It is reasonable to believe that the gains for MU-MIMO are higher.

Observation

· PUSCH 3-2 improves the performance over PUSCH 3-1 for 4 Tx by approximately 6% on cell-edge and thus qualifies as one of the better feedback enhancements
Table 1: SU-MIMO – 4 Tx closely spaced cross-pole with maximum rank 2 and 5 UEs/cell.

	
	SU-MIMO: Cross-pole, 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	PUSCH 3-1:
	2.303 (0%)
	0.102 (0%)

	PUSCH 3-2:

PMI: 4 bits per subband
	2.347 (1.9%)
	0.108 (6.3%)


Results for 8 Tx both for SU-MIMO and MU-MIMO are given in Table 2 and Table 3, respectively. As expected the gains for MU-MIMO are more pronounced than the gains for 4 Tx SU-MIMO. We can also see that adding 2 extra bits per subband does not provide any significant gain over using 2 bits per subband and that 2 bits per subband still provides essentially the same level of performance boost over PUSCH 3-1 as when 4 bits per subband is used.

Observation

· PUSCH 3-2 improves the performance over PUSCH 3-1 for 8 Tx by up to 8% on cell-edge and 5% in cell throughput and thus qualifies as a feedback enhancement

· Two bits PMI per subband is sufficient, introducing additional bits does not significantly improve the gain over PUSCH 3-1 while adding substantial extra overhead of 26 bits per 20 MHz carrier.
Table 2: SU-MIMO – 8 Tx closely spaced cross-pole with maximum rank 2.

	
	SU-MIMO: Cross-pole, 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	PUSCH 3-1
	2.820 (0%)
	0.075 (0%)

	PUSCH 3-2:

PMI: 2 bits per subband
	2.838 (0.6%)
	0.078 (3.8%)

	PUSCH 3-2:

PMI: 4 bits per subband
	2.862 (1.5%)
	0.077 (2.9%)


Table 3: MU-MIMO – 8 Tx closely spaced cross-pole with maximum rank 2.

	
	MU-MIMO: Cross-pole, 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	PUSCH 3-1
	3.211 (0%)
	0.093 (0%)

	PUSCH 3-2:

PMI: 2 bits per subband
	3.346 (4.2%)
	0.099 (7.3%)

	PUSCH 3-2:

PMI: 4 bits per subband
	3.366 (4.8%)
	0.100 (8.3%)


5. Conclusions
This contribution addressed the topic of PUSCH 3-2 as a feedback enhancement for Rel-10. Concrete proposals were considered and evaluated on system level. Based on the evaluations we make the following observations and recommendations
· Feedback enhancement gives rather limited gains – questionable whether we really need it

· Consider whether further feedback enhancements are at all needed

If it is deemed necessary to enhance the feedback further we propose

· As a candidate feedback enhancement, consider introducing simultaneous support of frequency-selective precoding and frequency-selective CQI by means of PUSCH 3-2 for 2, 4, and 8 Tx.

· The PUSCH 3-2 candidate would re-use exactly the same CQI reporting mechanism from Rel-8 PUSCH 3-1 

· For 2 and 4 Tx, PMI is reported per subband
· The number of PMI bits per subband are set to
· 2 Tx: 2 bits for rank 1, 0 bits for rank 2 (fixed precoder)

· 4 Tx: 4 bits for all ranks
· A single wideband W1 is reported

· W2 is reported per subband using 2 bits for co-phasing for rank 1 and 2.
6. References

[1]  R1-105799, “Way forward on CSI enhancement for Rel-10”, , CHTTL, Ericsson, HiSilicon, HTC, Huawei, Intel, ITRI, Marvell, Mediatek, Motorola, New Postcom, Qualcomm, ST- Ericsson, ZTE.
[2]  R1-105791, “WF on PUSCH Mode 3-2”, Broadcom, HTC, LG Electronics, Nokia, Pantech, Qualcomm, RIM, Samsung, Texas Instruments, Nokia Siemens Networks, Vodafone.
[3]  R1-105868, “Performance evaluation of multi-user CQI”, Ericsson, ST-Ericsson.

7. Appendix
Table 4: System level simulation assumptions.

	Parameter
	Assumption

	Number of cells 
	57

	Deployment model
	Hex grid, 3 sector sites

	Inter site distance
	500 m

	Average number of UEs per cell
	10 unless explicitly stated otherwise

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Control OFDM symbols per RB pair
	3

	Max number of HARQ retransmissions
	5

	Channel model
	SCME Urban Macro

	Pathloss model
	128,1 + 37,6 log10(R) dB, (R in km)

	Transmit power
	40 W

	BS antenna configuration
	4 Tx: Two closely spaced ±45° cross-poles with 0.5 λ separation

8 Tx: Four closely spaced ±45° cross-poles with 0.5 λ separation



	UE antenna configuration
	2 Rx: cross-polarized 0°/90°, 0.5 λ separation

	Receiver 
	MMSE with no inter-cell interference suppression

	Scheduler
	Proportional fair in time and frequency

	ACK/NACK based outer loop link adaptation adjustment 
	Yes: target BLER=10%

	Number of RBs per subband
	6

	Feedback CQI delay
	6 ms

	CQI reporting periodicity
	5 ms








