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1 Introduction

This paper addresses several alternatives of rank reporting. We investigate the rank distributions of CoMP reporting users and later show using extended link level simulations that allowing more flexible layer arrangement might prove beneficial and still can be coherent with common rank (across transmission points) PMI and CQI feedback.  

2 Rank distribution of CoMP reporting users
In RAN1#68(bis), several companies have shown significant presence of rank 2 in CoMP transmission, even though the rank 2 operation requires further clarification. In [1][3] the common rank across all transmission points as well as transmission hypothesis (DPS,DPB,JT) has been proposed. The common rank across hypothesis could on one side provide flexible frequency dynamic switching between transmission schemes, on the other side selecting rank conditionally on only one transmission hypothesis may introduce losses, because optimal rank is highly dependent on which transmission scheme hypothesis is considered.   
Even though one could assume that a CoMP reporting user is a cell-edge user which is hardly able to support single stream transmission, it is important to remember that the poor performance of such a user is due to the presence of large interference. Following the current assumption of per CSI-RS resource feedback without CoMP hypothesis, we have run system level simulations and collected rank statistics for the CoMP users in order to clarify what the reported per CSI-RS resource ranks are. The simulation assumptions are summarized in Appendix B. Figure 1 depicts ranks in scenario 3 configuration 4b with the assumption of per CSI-RS resource feedback. As expected, without having any CoMP assumption for the points, the majority of UEs are in rank 1, naturally as CoMP is predominantly a cell edge technique.   
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Figure 1: Rank usage for CoMP reporting UEs, scenario 3/4 configuration 4b, per CSI-RS resource feedback. 
If the interference inside of the CoMP measurement set is muted, signal-to-interference-noise ratio increases and allows the user to support more than one stream. To proof this hypothesis, we have collected the rank statistics by assuming that all points other than the serving points are muted in the CoMP set. Figure 2 shows statistics in scenario 3/4 configuration 4b, where two points are reported per UE in CoMP reporting, the two points being received within a 6dB power window. The CoMP assumption was that the points in the CoMP set are muting, in this case simply the other reported point was assumed as muted. We observe that with muted interference, the stronger point rank 2 reporting percentage grows to 46 %.
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Figure 2: Rank usage for CoMP reporting UEs, scenario 3/4 configuration 4b, no interference considered in CoMP set. 

With the interference converted to useful signal, hence having a joint transmission assumption, the aggregated signal-to-interference-noise ratio allows the user to support the rank 2 transmission with even higher probability. Figure 3 shows statistics in scenario 3/4 configuration 4b, where two points are reported per UE in CoMP reporting, the two points being received within a 6dB power window. The CoMP assumption was that the points in the CoMP set are transmitting jointly. We observe that by exchanging the interference to useful signal, the reporting of common joint rank 2 is as high as 54.6 %.
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Figure 3 : Rank usage for CoMP reporting UEs, scenario 3/4 configuration 4b, joint transmission.
Observation:
· The average CoMP rank is sifnificantlly higher than single-cell rank.

Proposal:
· Joint transmission rank shall not be restricted to one for JT-SU-MIMO.
3 Stronger point rank adaptation and layer arrangement
In the previous section we have shown that optimum rank decisison depends on transmission hypothesis (DPS/DPB/JT). While feeding back the rank for each of the hypothesis would bring clear benefits, it may as well  prevent frequency selective dynamic switching between CoMP schemes and increase feedback load as well as processing time at the receiver. Therefore, stronger point rank adaptation as well as common rank across the transmission points and tranmission hypothesis could be considered as a baseline.  

The open issue stays, what hypothesis is used for rank adaptation? For example, if the rank would be selected based on the fallback stronger point CQI, it would practically result in limiting the CoMP transmission to single layer, since rank 2 selection for this scheme is as low as 10%.  Therefore, if network would schedule user in joint transmission, the user would be bound in rank one transmission resulting in performance loss. On possible solution is to configure a rank adaptation offset, and hence increase the usage of rank2. We will show, that increased rank 2 selection together with feedback of preffered layer arrangement matrix can deliver significant gains in JT-CoMP.

We have simulated the performance of two point non-coherent JT in extended link level simulator where rank adaptation is based on stronger point muted CQI and compared with the same system where rank 2 [image: image5.png]puy = [Pz () Pm,‘(z;]
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  feedback is followed by additional wideband feedback of 2bit/3bit layer arrangement matrix preffered by user. Further, we offset rank adaptation by increasing rank2 selection metric by 20%. The indices of [image: image7.png]PMI’ (D)
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feedback is overridden according to preffered layer arrangement matrix and JT-CQI is estimated from per cell muted [image: image17.png]CQIZ ()



 according to Table 1:
Table 1 : Derivation of JT-CQI at the transmitter based on per cell CQIs for rank 2
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The results are summarized in Table 2 show that by introducing rank adaptation offset of 20%, the selection of rank2 is almost doubled compared to no rank adaptation offset. In this case, the extra layer arrangement feedback of 2bits (indices 1, 3, 5 and 7) can deliver as much as 24% gain. The gain comes with complexity of throughput metric evaluation for four layer arrangements (no new PMIs need to be selected again) at the UE and feeding back 2 bits wideband information on the uplink as well as semi-static rank adaptation offset on the downling. Note, the complexity of selecting preffered layer arrangement for two point JT-CoMP is comparable to complexity increase between two point and three point JT-CoMP, whereas the layer-arrangmenet may deliver more gain. 
Table 2: The performance comparison

	
	Baseline  

2 points
	Layer arrangment
+2bit 

Rank 2 offset +20%


	Layer arrangment
+3bit 

Rank 2 offset +20%



	Ave SE
	1.67
	2.07
	2.19

	Rank2
	27.1%
	47.5%
	47.6%

	Gain
	0
	24%
	31%


Observation

· If common rank across the CoMP transmission schemes is agreed, it should be studied which transmission hypothesis is used for common rank selection.
Proposals:
· To improve the rank2 JT performance, wideband layer arrangement matrix can be fed back additionally to PMI and CQI common rank feedback across transmission points.
4 Conclusions

In this contribution we have discussed the rank feedback for CoMP reporting users. We have the following observations and proposals:
Observation

· If common rank across the CoMP transmission schemes is agreed, it should be studied which transmission hypothesis is used for common rank selection.
Proposals:
· To improve the rank2 JT performance, wideband layer arrangement matrix can be fed back additionally to PMI and CQI common rank feedback across transmission points.
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Appendix A – Extended link simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 7 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	ITU Uma for macro, Umi for low power node

	Carrier frequency
	2 GHz

	Deployment scenario
	 Outdoor low power nodes in macro area, 4 LPN per macro area

	Codebook
	Rank1 and Rank2 Release 8 

	Antenna configuration
	2 Tx  x-pol 
2 Rx  x-pol 

	Number of UEs per cell
	Configuration 4b (10 UEs/macro area + 5 UEs/LPN area)

	CoMP threashold
	6dB

	Transmission scheme
	SU-JT-MIMO with two transmission points, 3 sector cooperation

	Receiver
	LMMSE Option 2

	Feedback
	Mode 3-2 rank adaptation wideband
6 PRB size PMI/CQI
1 ms delay PMI/CQI

	Scheduler
	FD: RR, 6PRB scheduled 

TD: RR

	Indoor / outdoor modelling
	All UEs dropped outdoor

	Traffic model
	Full buffer

	Channel estimation
	Ideal CSI feedback, aggregated CQI
Ideal DM-RS estimation

	HARQ
	Max 1 retransmission, Chase combining

2 codeword OLLA, target BLER=10%

	Interference modeling
	The interference is modelled full-buffer, random rank and PMI (6PRB granularity) is applied within CoMP measuring set (3 txpoints of highest RSRP) and out of CoMP measuring set interference is treated as white 


Appendix B – System simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	ITU UMa for macro, UMi for low power node

	Carrier frequency
	2.00 GHz

	Deployment scenarios
	CoMP Scenario 3/4 according to 36.819. Coordinated points 3 macros + 12 picos

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Feedback mode 
	3-2

	CoMP reporting threshold
	6dB (RSRP)

Max. 2 reported points in all scenarios

	Number of UEs
	30UE / macro geographical area. UE dropping according 36.814.


