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1. Introduction
The past 3GPP meetings have nailed down fundamental and important building blocks of the CSI feedback concept for the support of CoMP. A corner stone of the concept is the introduction of multiple CSI processes to capture channel properties corresponding to different transmission points as well as different interference hypotheses.  A typical setup is illustrated in Figure 1 while Table 1 displays the corresponding four different CSI processes that cover all transmission and interference hypotheses for DPB (also known as CS) and DPS for the two strongest transmission points seen by a UE.
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Figure 1: CSI for the strongest and second strongest points, P1 and P2, respectively.

Table 1: Four different transmission/interference hypotheses for DPB (CS) and DPS.
	
	Desired Signal

Hypothesis
	Interference

Hypothesis
	Used for DPB
	Used for DPS

	
	P1
	P2
	P1
	P2
	
	

	CSI process 1
	On
(RI1, PMI1)
	-----------
	Off
	On
	x
	x

	CSI process 2
	On
(RI2, PMI2)
	-----------
	Off
	Off
	x
	x

	CSI process 3
	-----------
	On
(RI3, PMI3)
	On
	Off
	
	x

	CSI process 4
	-----------
	On
(RI4, PMI4)
	Off
	Off
	
	x


Table 1 also makes clear that the hypothesis for the desired signal corresponds to an assumption on rank and precoder for the hypothetical transmission, which is reflected in the actual CSI reporting via RI and PMI. Note that the rank and PMI are here assumed to be determined and reported independently for the different CSI processes. Multiple interference hypotheses are achieved by setting up multiple interference measurement resources (IMRs) and ensuring that the eNodeB transmits an appropriate signal from the interfering transmission point of interest on the REs colliding with the corresponding IMR.
Both DPB and DPS are highly promising CoMP schemes. It is thus important to secure efficient support in the LTE standard for such schemes. DPB is simpler than DPS in that the transmission point used to communicate with a UE remains the same for a longer period of time. DPB could in fact be viewed as a special case of DPS since most techniques for DPS involve CS as a fundamental component. Nevertheless, DPB shows good CoMP gains as evident from simulation results in Section 3.
Observation

· Both DPB and DPS are primary and highly promising candidates for CoMP

· Despite the simpler operation in DPB, good CoMP gains are achieved

· Important that LTE standard supports DPB (CS) and DPS with high efficiency.
2. Discussion on Inheritance between CSI Processes

The technique of inheritance between CSI processes attempts to address the problems associated with varying rank or varying selected subband among different CSI processes [1] . This section discusses the many benefits of introducing such inheritance. The discussion to follow has been split into two subsections. While most of the discussion is spent on rank inheritance, much of the discussion applies to selected subband inheritance as well. A detailed proposal may be found in the way forward from the previous meeting [2] .
2.1. Rank Inheritance

As previously mentioned, the CSI processes illustrated in Table 1 determine and report separate rank values. This unfortunately presents a major obstacle for DPB and DPS that jeopardizes efficient system operation. 

For DPB in typical scheduling situations, the interference from a neighboring coordinated point (c.f. P2 in Figure 1) varies over the system bandwidth in an on/off fashion. To efficiently cope with such interference, the two CSI processes 1 and 2 in Table 1 are needed so that the scheduler has a chance of taking the impact of the on/off behavior into account when scheduling a UE served by P1. Thus, CSI process 1 and 2 are both needed in a subframe for scheduling and a typical scheduling hypothesis will involve a mixture of the two where CSI process 1 and 2 are used on different subsets of RBs. 

Observation

· At least two different CSI processes needed for DPB in the same subframe
· Different CSI processes are used on different subsets of RBs in a typical scheduling hypothesis.
But if the two CSI reports contain different rank values, it becomes hard to utilize them for their intended purpose since the rank in a PDSCH transmission has to be the same across all RBs of the PDSCH. With two or more completely independent CSI reports, it is quite likely that the rank differs due to the two interference hypotheses of a neighboring TP (i.e., “on” and “off”), hypotheses that naturally will highly affect the SINR level and thus the rank. 
Observation

· Quite likely that rank is different for two CSI processes that correspond to interference “on” and “off”, respectively, of a coordinating TP.

· Two CSI processes with different rank values are incompatible with the single rank constraint on PDSCH
Faced with different rank values for two different CSI processes, thescheduler would be forced to resort to clearly suboptimal rank override procedures, leading to large CQI errors and impaired performance. The complexity in terms of work on testing and tuning rank override procedures towards differences in UE behavior may be substantial as well.

As evident from simulation results (c.f. Section 3), DPB is one of the most promising CoMP schemes. Exploiting scheduling in the frequency domain is a cornerstone of the LTE design that should not be limited unless there is a significant benefit in doing so. Restricting LTE to mandatory independent reporting of rank would effectively hamper frequency domain ICIC without any good reason.

Observation

· Mandating that rank is always independently determined for a CSI process would

· force the network to apply inefficient and potentially complex rank override procedures
· severely hamper the frequency domain flexibility LTE builds upon
A simple yet effective solution for the problems associated with restricting LTE to completely independent rank determination is to introduce the possibility to let a CSI process A inherit the rank value from another CSI process B.  CSI process B’s rank value would be assumed for CSI process A while the PMI and CQI would be determined independently among the CSI processes. With such functionality, the reported rank would be the same for more than one CSI process and full flexibility in scheduling without relying on inferior rank override procedures could be achieved. These benefits come without increasing feedback overhead or increasing computational complexity making it difficult to find a reason why LTE should not support rank inheritance. This is in line with the way forward from the last meeting in [2] .
Proposal
· Introduce possibility for a CSI process to inherit the rank value from another CSI process

· RRC configuration of which CSI process to inherit from.
It may be argued that the problems of independent rank reporting only concerns frequency-selective DPB while wideband blanking of TPs, also referred to as non-frequency-selective DPB, would not suffer from this problem. Even disregarding the performance loss of restricting scheduling to non-frequency-selective DPB, this is a weak argument with limited practical appeal.  In particular, it should be noted that traffic in practice is non-full buffer and highly heterogeneous with transmissions of all sorts of different packet sizes and dynamically changing load. Under such realistic circumstances, a neighboring TP will far from always transmit PDSCH on the entire system bandwidth and there is hence a need to utilize at least two different CSI processes for the same UE over the scheduling bandwidth in order to remain spectrally efficient.

Observation

· Restricting DPB to non-frequency-selective DPB (i.e., wideband blanking of points)
· risks significantly lowering the performance
· does not avoid the need of relying on two different CSI processes across the system bandwidth in practical scenarios with non-full buffer and heterogeneous traffic 
It should furthermore be noted that DPB is not the only CoMP scheme suffering from CSI reports containing different rank values. A similar problem exists for frequency-selective DPS where the two hypotheses on transmission point for a UE may have different rank values. 
Observation

· Similarly to DPB (CS), DPS would also suffer from mandatory independent rank reporting

From the decisions on quasi co-location of antenna ports it may be argued that frequency-selective DPS is not supported, but that is not necessarily true. In fact, in typical CoMP friendly situations with rather similar average received signal strength, low Doppler, well-synchronized transmission points and low to medium delay spread, it is reasonable to expect that the quasi co-location parameters are not so different so as to render significant problems for the DMRS channel estimator. In particular, for the case of intra-site CoMP, there is no propagation timing difference and frequency-selective DPS thus appears to be a perfectly feasible technique. Needless to say, frequency-selective DPS allows the UE to enjoy riding on fading peaks with resulting increase in performance.

Observation

· Frequency-selective DPS is still a viable scheme despite assumptions on co-location of DMRS ports within a subframe

· Particularly for intra-site CoMP
· Frequency-selective DPS suffers from independent rank reporting even in the unrealistic case of homogeneous full buffer traffic
2.2. CQI Subband Selection Inheritance

In PUCCH reporting modes 2-0 and 2-1 and PUSCH reporting modes 2-0 and 2-2, the UE selects a subset of the subbands for which it reports frequency selective CQI. If the subband selection is independent on all CSI processes, the eNodeB may receive CSI reports for non-overlapping sets of subbands for the different CSI processes. This may be acceptable (or even preferable) for, for example, two CSI processing representing DPS hypotheses. However, this is highly undesirable if the CSI processes represent two different interference hypotheses for DPB. 

Hence, to support DPB with PUCCH reporting modes 2-0 and 2-1, we propose that a CSI process can inherit the subband selection of another CSI process. This is also in line with the way forward from the previous meeting [2] . 
Proposal
· To support frequency-selective DPB based on UE selected subbands, a CSI Process should be configurable to inherit a subband selection from a different CSI Process. 

· CQI/RI/PMI determination should assume the selected subband that was last reported for the CSI process it was inherited from.
3. Simulation Results

To illustrate the importance of DPB as an efficient CoMP scheme as well as assessing the impact on the CoMP gains due to rank inheritance, system level simulations were conducted. DPB with (DPB Inheritance) and without rank inheritance (DPB Indep) was compared with the single point non-CoMP baseline for the important case of intra-site CoMP among three sectors with 2 Tx cross-poles. For DPB Inheritance, the rank was determined by one CSI process and inherited by all other CSI processes. The evaluations focused on non-full buffer traffic. Further simulation assumptions are found in Table 3 in Appendix. 
As seen in Table 2, DPB Inheritance shows respectable CoMP gains. The gains are particularly large for non-full buffer traffic and high load where gains on the order of 40% are seen for cell-edge user throughput. DPB is thus definitely a promising candidate for CoMP, making it important that LTE supports functionality that secures its efficiency. It is also seen that when rank inheritance is not used, there is a large drop in performance and the maximum gain of DPB on cell edge is more than halved to 20%. This is not surprising considering the difficulties in achieving accurate link adaption with independent rank reporting forcing the eNodeB to constantly performing rank override with resulting large CQI errors.
Observation

· DPB/CS with rank inheritance provides respectable CoMP gains which shows that DPB is a highly relevant candidate for CoMP in practice

· Important that LTE supports functionality securing the efficiency of DPB.
· DPB/CS wihout rank inheritance shows as expected considerably worse performance than DPB/CS with rank inheritance – maximum CoMP gain more than halved
Table 2: System level results for non-full buffer traffic comparing non-CoMP and DPB with independent and inherited rank reporting, respectively. 
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[bps/Hz/cell] [bps/Hz/user] Gain [%]  [bps/Hz/user] Gain [%] Ratio

No CoMP 0.40 2.08 0 0.48 0 0.22

DPB Indep 0.40 2.17 4.2 0.51 6.9 0.20

DPB Inheritance 0.40 2.15 3.2 0.51 6.7 0.20

No CoMP 0.59 1.44 0 0.27 0 0.44

DPB Indep 0.59 1.58 9.8 0.31 15.3 0.35

DPB Inheritance 0.59 1.61 12.1 0.33 22.8 0.35

No CoMP 0.74 1.01 0 0.17 0 0.62

DPB Indep 0.74 1.15 14.8 0.21 18.6 0.49

DPB Inheritance 0.74 1.19 18.7 0.21 22.5 0.50

No CoMP 0.83 0.73 0 0.12 0 0.76

DPB Indep 0.83 0.83 13.5 0.14 19.2 0.59

DPB Inheritance 0.84 0.94 28.5 0.17 44.4 0.59

Normalised User Throughput Cell-edge Norm. User Throughput


4. Conclusions
This contribution discussed rank and selected subband inheritance between CSI processes and provided system level results to highlight the importance of DPB as a high performance CoMP scheme. Based on the findings, we propose as follows:
· Introduce possibility for a CSI process to inherit the rank value from another CSI process

· RRC configuration of which CSI process to inherit from.
· To support frequency-selective DPB based on UE selected subbands, a CSI Process should be configurable to inherit a subband selection from a different CSI Process. 

· CQI/RI/PMI determination should assume the selected subband that was last reported for the CSI process it was inherited from.
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6. Appendix

Table 3: System level assumptions.

	General parameters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 39 sectors

	CoMP Cluster
	3 sectors intra-site

	Indoor/Outdoor UEs
	80% indoor, 20% outdoor

	Channel model
	ITU Urban Macro with O to I modeling

	Nrof RBs per subband
	6

	Average nrof UEs per point
	10

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover  margin

	Traffic model
	Non-full buffer: 500 kB packets

	Scheduling
	Implicit feedback based PFTF

	OLLA
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with no inter point IRC

	Feedback modes
	PUSCH 3-1 with multiple CSI processes

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pol

	Macro antenna configuration
	3GPP Antenna, 2 Tx cross-pole, 15°downtilt

	Macro point transmit power
	40 W


