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1 Introduction
In this contribution we propose a simple extension of the well established power measurement offset (nomPDSCH-RS-EPRE-Offset in Rel-8), that allows an eNodeB to configure a soft rank restriction, where the bias towards lower rank reporting can be flexibly configured. System evaluations are presented that significant MU-MIMO performance gains can be achieved without increasing the feedback overhead or introducing new feedback parameters requiring new testing methodologies in RAN4. This is in sharp contrast to the MU-CQI concept which would require significant RAN4 standardization effort, see [1] .
The focus of the feedback extension, to better support MU-MIMO, should focus on well established concepts, not requiring a new testing methodology. Such concepts include, PUSCH format 3-2 [2] [3] , CQI index threshold redefinition [4] and the soft rank restriction proposed herein. 
A potential concern that has been raised regarding MU-MIMO scheduling is that the UEs may report PMI/CQI reports with too high rank to effectively support MU-MIMO scheduling: Even though the link performance to a UE may be maximized by a high rank SU-MIMO transmission, the system performance may very well be higher if two terminals are co-scheduled using lower rank transmissions. The difficulty is that a UE is not aware of the co-scheduling candidates and can therefore only evaluate its own link performance. The reported PMI/CQI/RI may therefore be ill-matched to a MU-MIMO allocation. In particular, the terminal may often select a too high transmission rank to be beneficial for MU-MIMO scheduling. 

For this reason it is tempting to use rank restricted feedback when operating in MU-MIMO mode, where the UEs are forced to feed back a low rank PMI/CQI report. Unfortunately, this eliminates the possibility to effectively schedule SU-MIMO allocations, which renders the reporting mode useless in practical deployments with dynamic traffic, where dynamic switching between SU-MIMO and MU-MIMO is crucial. 

It should be emphasized that for a UE with high SNR in a rich scattering environment, high rank SU-MIMO will typically be superior over a forced MU-MIMO allocation. 

An efficient feedback mode should therefore provide sufficient flexibility to allow both dynamic switching between SU-MIMO and MU-MIMO, as well as allow high rank SU-MIMO transmissions to the terminals that clearly benefit from this. 

One feedback enhancement that tries to address this is multi-component feedback, where in addition to a regular SU-MIMO PMI/CQI/RI report, also a rank-restricted PMI/CQI/RI report is fed back, see e.g., [5] . This scheme does however suffer from the severe disadvantage of excessive feedback overhead.
Observations

· Multi-component feedback that bundles a hard rank restricted report with a non-restricted report doubles the feedback overhead

· There is excessive redundant information in the two component feedback: For many users one of the two components is superfluous since either the rank-restricted report achieves the same performance as the non-restricted report, or the rank-restricted precoder only achieves a fraction of the performance of the non-restricted precoder.
Next we provide an alternative solution where we propose a soft rank-restriction by means of rank-specific power measurement offset (PMO). A PMO in this context roughly corresponds to the parameter nomPDSCH-RS-EPRE-Offset in Rel-8 and allows the eNodeB to control the assumption on PDSCH power when the UE determines the CSI feedback. It can essentially be viewed as scaling the estimated channel matrix with a scaling factor α. By introducing a soft rank-restriction, terminals can be controlled to only report high rank reports, when the link performance is sufficiently good to motivate the loss in MU-MIMO scheduling flexibility and increased high rank interference. By means of soft rank-restriction it is sufficient with a single PMI/CQI/RI report to accommodate dynamic switching between MU-MIMO and SU-MIMO, where terminals that are highly favored by SU-MIMO will remain to be scheduled in SU-MIMO, and UEs well suited for MU-MIMO will report low rank reports suitable for MU-MIMO scheduling.
Observations

· With a soft rank-restriction a single PMI/CQI/RI report is sufficient, avoiding redundant feedback information

· The feedback overhead of soft rank-restriction is the same as the Rel-8 overhead
2 Soft Rank-Restriction with Rank Specific PMO

We propose to introduce a soft rank-restriction by using a transmission rank specific PMO. Hence, when the terminal evaluates the link performance for a particular transmission rank, r, then it applies the PMO scaling, 
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the higher ranks will be evaluated assuming an artificially decreasing SNR, hence increasing resistance is added to reporting higher transmission ranks. The aggressiveness of the soft rank-restriction can be freely configured on a per UE basis by the eNodeB based on, for example, 

· The Propagation environment
· Number of active terminals in the cell
· Number of Tx and Rx antennas
· etc,…
The rank-specific PMO should be applied when the terminal evaluates the recommended transmission rank and thereby provide the flexibility to apply resistance for selecting higher transmission ranks. 

Observation

· Soft rank-restriction can be included with marginal changes to the Rel-8/9 specification and implementation

· The framework of PMO is already available in the specification

Proposal

· Introduce rank-specific PMO parameters, 
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, that are used for scaling the channel response estimates in the UE when evaluating the performance of the corresponding transmission rank.
The main advantage of a soft rank-restriction is that UEs that experience conditions highly suitable for SU-MIMO will be able to report a corresponding high rank report, but terminals that perform well also with lower rank transmissions are encouraged to report low rank reports. Hence, the soft rank-restriction dynamically adapts the restriction depending on the terminals current channel realization. This soft restriction also avoids the undesirable behavior that the UE is reporting a higher rank because of a seemingly marginal gain on the link, which turns into a loss because of decreased MU-MIMO scheduling flexibility and the resulting higher ranks transmission’s more detrimental interference to other cells.
3 Evaluation Results
The MU-MIMO improvement with soft rank-restriction using rank-specific PMO was evaluated on system level and the results are shown in Table 1. For the 4 Tx evaluations, the Rel-8 Hoseholder codebook is used for the PMI reporting, whereas the newly agreed codebook for 8 Tx antennas is used for those evaluations. For detailed evaluation assumptions, see Table 2 in the Appendix. The rank-specific PMO was configured as
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the rank reporting will be increasingly biased towards rank 1.

As can be seen from the table, there are gains in the analyzed scenarios, in particular at cell-edge. A noteworthy observation is that the soft-rank restriction is able to harvest the same gains as the multi-component feedback in [5] , where a 4.9% gain was observed in the 4x4 antenna setup, similar to the 5.3% gain observed with soft rank restriction, even though the reporting overhead is half (same as for Rel-8) for the latter. Moreover, the evaluation in [5] was based on a higher resolution 6 bit codebook, which exaggerates the gains for this scenario. 
Table 1: Rank based SU/MU switching with PMO offset on rank 2. Low spread. 
	
	Served traffic [bps/Hz/cell]
	Cell edge [bps/Hz/user]

	
	0 dB
	-3dB
	- 6dB
	0 dB
	-3dB
	-6dB

	4 TX ULA, 2 RX sep. cross
	3.262 (0.0%)
	3.276 (0.5%)
	3.273 (0.4%)
	0.114 (0.0%)
	0.117 (2.5%)
	0.118 (2.8%)

	4 TX ULA, 4 RX sep. cross
	4.413 (0.0%)
	4.500 (2.0%)
	4.645 (5.3%)
	0.173 (0.0%)
	0.181 (5.0%)
	0.196
(13.2%)

	4 TX cross, 2 Rx sep. cross
	2.864 (0.0%)
	2.862 

(-0.1%)
	2.581 

(-9.9%)
	0.080
(0.0%)
	0.088
(9.4%)
	0.090
(12.0%)

	8 TX cross, 2 RX sep. cross
	3.917 (0.0%)
	4.099 (4.6%)
	3.823 

(-2.4%)
	0.126 (0.0%)
	0.138 (10.0%)
	0.151 (20.3%)


Note the difference in behavior in the results for cross polarized antenna setups and uniform ULAs, where the ULA performance seams to increase with increasing PMO backoff (much due to the high degree of multiuser diversity provided by the large number of simulated users per cell), whereas the cross-polarized setup benefits (in terms of served traffic) from a more modest configuration. For example the 4 TX ULA, 4 RX sep. cross, configuration performed well with 
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[dB], resulting in a served traffic per cell of  2.929 bits/Hs/cell (2.3%) and cell edge user throughput of 0.085 bps/Hz/user (4.8%). That more modest soft rank restriction configurations are suitable for cross polarized setups is to a large extent explained by the increased spatial separation provided by the orthogonal polarizations, which often benefits from SU-MIMO transmissions.
4 Conclusion

Herein we propose a flexible soft rank-restriction feature by means of rank specific PMO parameters that can be included in Rel-10 with minimal changes to the specification as well as current UE implementations. We could also see that the soft rank-restriction framework can harvest most of the gains of significantly more excessive multi-component feedback modes that bundles two reports, one hard rank restricted and one non-restricted.
Proposal

· Introduce rank specific PMO parameters to allow for soft rank-restriction for improved MU-MIMO with preserved feedback overhead
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6 Appendix – Simulation Assumptions

Table 2: 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

	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
	Alt 1. 8TX: Four closely spaced ±45° cross-poles with 0.5 λ separation

Alt 2 4 TX: Two closely spaced ±45° cross-poles with 0.5 λ separation

Alt 3. 4TX: ULA with 0.5 λ separation and vertical polarization

	UE antenna configuration
	Alt 1. 2 RX: cross-polarized 0°/90°, 0.5 λ separation
Alt 2. 4 RX: cross-polarized 0°/90°, 0.5 λ separation

	Receiver 
	MMSE with 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
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