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1 Introduction
In TSG RAN WG1#47bis meeting, the decision regarding frequency granularity for UE rank feedback information was 
· Working assumption: single report over the whole bandwidth (pending the results for the >5MHz system BW)
· FFS: same as the precoding (configured by the network) (there may be a mechanism for reducing the overhead when combined with the precoding feedback information)
· Working assumption may be revisited in R1#48 meeting if needed.
Previous simulation results in [2] showed a 1%-3% performance degradation by limiting the rank selection to a single value per band. However, simulation results in [3] showed a significant degradation when the subband size is increased to report rank, CQI and precoder. In this paper, we evaluate the link performance of single rank per a whole bandwidth vs. best rank per sub-band. We consider the system bandwidth of 10 MHz and 20MHz. The sub-band size includes 2 RBs, 5RBs, 10RBs, up to the whole bandwidth.  The baseline is also evaluated as a reference.  The impact of single rank over the whole bandwidth is discussed. 
In summary:
· We find that selecting a single rank over the entire band can as much as half the total gains of MIMO over a non-MIMO baseline.

· The subband-specific rank adaptation could have as much as 5dB gain over a common rank adaptation. This to say that a single rank scheme requires 5dB higher SINR to achieve the same MIMO gains as subband-adaptive rank scheme.
· We do not see a noticeable performance difference between selecting the rank over the 30% best RB’s vs. selecting it over the whole BW. This is because the UE does not necessarily get scheduled on it’s 30% best RB’s.
2 Simulation Assumption
The detailed simulations assumptions are summarized in Table 1, which is in line with [1]. We selected the rank based on the 30% best RB’s, which is similar to the method used in [2] as well as the 100% best RB’s.
Table 1 Link Simulation Assumptions
	Parameter
	Value

	Transmission  Bandwidth
	10 MHz, 20 MHz

	NFFT
	1024, 2048

	Usable sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Subframe duration/TTI
	0.5ms/ 1 ms

	RB size (sub-channel)
	12 tones

	Number of RBs simulated
	2, 5, 10, 25 for 10MHz

2,5,10 50, 100 for 20 MHz

	Sub-band scheduling
	10 RBs

	Channel Model
	TU-Urban

	HARQ
	None

	Receiver
	MMSE 

	MIMO systems
	2x2

	Baseline systems
	1x2

	Channel Estimation
	Ideal


3 Discussion of Simulations Results

The various simulation results are presented in Figures 5 to 20 where the rank is determined based on the 30% best RB’s. In Figure 21 to 36 we show the results where the rank is selected based on the whole bandwidth. In Figures 5 to 12 we select a single rank over a 10Mhz band, and in Figures 13 to 19 we use a single rank in a 20Mhz band. We summarize the results in Figures 1 to 4, where we show the MIMO gain over the 1x2 non-MIMO baseline, where different rank adaptations are used for the MIMO case.   
Based on these results we can conclude that selecting a rank over a sub-band size of more than 10RB’s will halve the gain of MIMO over the baseline. 
Note that for a subband size of 2RB’s, at 5dB SINR, the gains of subband-adaptive rank MIMO is 13% compared to only 6% gain with a single rank over the whole bandwidth. Also, looking at gains at 5dB and 10dB SINR, we can see that a single-rank over Whole BW requires 10dB SINR to get 13% gain. This means that a single-rank over Whole BW requires 5dB higher SINR to get the same gain as subband-adaptive rank. 
We do not see a noticeable performance difference between selecting the rank over the 30% best RB’s vs. selecting it over the whole BW. This is because the UE does not necessarily get scheduled on it’s 30% best RB’s leading to a mismatch between reported RB’s and scheduled RB’s. However, there is no mismatch problem when we increase the subband size.
In terms of additional overhead for subband-adaptive rank, in [5], we discussed that subband-adaptive rank can be supported with very little additional overhead on the downlink. Also the uplink overhead for support of subband-adaptive rank is of the order of 1-bit per subband.
4 Conclusions

In this contribution, we presented simulation results that show the effect of selecting a single rank across a 10MHz and 20 MHz band. We found that this action could reduce the gains of MIMO over a non-MIMO baseline by as much as 50%. We also note that a single-rank over Whole BW requires up to 5dB higher SINR to get the same MIMO gain as subband-adaptive rank. We also observe that to meet the high end performance targets for LTE is a challenging task and MIMO promises a major source of performance improvement for the LTE system. Therefore, limiting MIMO gains by introducing constraints such as a single rank over the whole bandwidth can severely limit the achievable performance targets for the LTE system. Based on these observations, we propose that LTE support rank feedback from the UE with similar frequency granularity as the precoding feedback, that is, 2/5/10 and whole RB bandwidth.
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6 Appendix-Detail Simulation Results 

Note that the results Figure 1 to Figure 4 is based SNR=5 dB.

[image: image1.emf]Gain over Baseline (10 MHz)

0

2

4

6

8

10

12

14

2 5 10 25

Number of RBs

%

Common Rank

Sub-band Rank


Figure 1 Single Rank Selection based selected 30 % of whole bandwidth
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Figure 2 Single Rank Selection based selected 30 % of whole bandwidth
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Figure 3 Single Rank Selection based selected 100 % of whole bandwidth
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Figure 4 Single Rank Selection based selected 100 % of whole bandwidth
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Figure 5 Link performance comparison, 10MHz, sub-band=2RBs
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Figure 6 Link performance comparison, 10MHz, sub-band=2RBs
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Figure 7 Link performance comparison, 10MHz, sub-band=5RBs
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Figure 8 Link performance comparison, 10MHz, sub-band=5RBs
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Figure 9 Link performance comparison, 10MHz, sub-band=10RBs
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Figure 10 Link performance comparison, 10MHz, sub-band=10RBs
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Figure 11 Link performance comparison, 10MHz, sub-band=25 RBs
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Figure 12 Link performance comparison, 10MHz, sub-band=25 RBs
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Figure 13 Link performance comparison, 20MHz, sub-band=2 RBs
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Figure 14 Link performance comparison, 20MHz, sub-band=2 RBs
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Figure 15 Link performance comparison, 20MHz, sub-band=5 RBs
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Figure 16 Link performance comparison, 20MHz, sub-band=5 RBs
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Figure 17 Link performance comparison, 20MHz, sub-band=10 RBs
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Figure 18 Link performance comparison, 20MHz, sub-band=10 RBs
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Figure 19 Link performance comparison, 20MHz, sub-band=25 RBs
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Figure 20 Link performance comparison, 20MHz, sub-band=25 RBs

Figure 21 to Figure 32 shows that single Rank Selection is based on the whole Bandwidth
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Figure 21 Link performance comparison, 10MHz, sub-band=2RBs
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Figure 22 Link performance comparison, 10MHz, sub-band=2RBs
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Figure 23 Link performance comparison, 10MHz, sub-band=5RBs
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Figure 24 Link performance comparison, 10MHz, sub-band=5RBs
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Figure 25 Link performance comparison, 10MHz, sub-band=10RBs
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Figure 26 Link performance comparison, 10MHz, sub-band=10RBs
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Figure 27 Link performance comparison, 10MHz, sub-band=25 RBs
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Figure 28 Link performance comparison, 10MHz, sub-band=25 RBs
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Figure 29 Link performance comparison, 20MHz, sub-band=2 RBs
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Figure 30 Link performance comparison, 20MHz, sub-band=2 RBs
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Figure 31 Link performance comparison, 20MHz, sub-band=5 RBs
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Figure 32 Link performance comparison, 20MHz, sub-band=5 RBs
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Figure 33 Link performance comparison, 20MHz, sub-band=10 RBs
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Figure 34 Link performance comparison, 20MHz, sub-band=10 RBs
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Figure 35 Link performance comparison, 20MHz, sub-band=25 RBs
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Figure 36 Link performance comparison, 20MHz, sub-band=25 RBs
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