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Introduction
In RAN1 70# meeting, it was proposed to introduce a reference process for RI and sub-band CQI for CoMP operation, but it was not agreed due to differing viewpoints on this topic. In this contribution, we try to further analyze the pros and cons of this feature, and provide our preference.
2 
Summary on common RI and sub-band constraint 
As a baseline, independent CSI process configuration and reporting will be supported to enable CoMP operation. In addition, for introducing a CSI reference process significant benefits should be identified. In the following, we provide our views on common RI and sub-band configuration.
Use cases and performance gains: 
In the case of common RI, a typical use case as claimed is JT. In this case, a UE may report different ranks for different CSI processes. However, a eNB could still select a suitable rank for non-coherent JT if it determines that significant throughput improvement is possible over non-JT transmission. In case of dynamic blanking (DB) also, we think independent reporting of RI is the best approach. If for a particular UE the scheduler selects DB (over DPS, non-CoMP) it can try to protect most of the burst to the particular UE by blanking the other TP (the entire subframe need not be blanked). In this case the reported CQI will also be a good match to the allocation. On the other hand, if a RI reference process is used, even in cases where all or most of the grant to the victim UE is protected by blanking, there will be a performance loss because the reported CQI has been restricted in rank. 

In the case of common sub-band also the benefit is questionable. In the case of JT, if we enforce a common sub-band reporting, the potential JT performance will be limited by the best sub-band for the reference TP and a poor sub-band for another TP.  For DPS or DPS/DB, independent sub-band selection can be preferable depending on the scheduling algorithm. For example, if two different interference conditions experienced by a pico cell-edge UE correspond to aggressor macro blanking and non-blanking cases, it is preferable for this UE to report selected sub-bands independently. Based on the macro's traffic or whether it is blanking, the network can then schedule the UE in its corresponding best sub-band which can be different in different interference conditions. Similarly for DPS, the network may want to know different selected sub-bands corresponding to different TPs so that it can schedule the UE in different sub-bands depending on the selected TP. In any case, we can still get the sub-band CQIs from PUSCH mode 3-1. From this perspective, independent sub-band feedback is sufficient for the network for CoMP scheduling.  
In summary, the use case or benefit of common RI and sub-band constraint is unclear. 1) eNB does not know how to select a CSI process as a reference process 2) Limiting UE selection of rank or sub-band will degrade performance in case SINR difference is significant under different interference hypothesis
3 
Throughput impact of rank constraint
In this section, we provide an idea of the system-level performance loss that may occur due to rank constraint imposed at the UE. If we rely on independent CSI feedback, a eNB implementation can perform a rank override or allocation adjustment. We evaluate the performance loss considering a single cell 2×2 SU-MIMO system where a UE always selects a rank that is different from usual rank adaptation.           
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Figure 1: Rank override performance
Though UE rank selection with a rank constraint is not always incorrect and applicable to the dependent CSI process, the potential performance loss still should be kept in mind. On the other hand, eNB rank override relies on eNB implementation, where optimized scheduling algorithm could minimize the performance loss due to rank override to a certain degree.
Observation: Setting a common RI or sub-band can degrade performance considerably.
4 
Usefulness of rank constraint for dynamic blanking
It has been proposed that dynamic blanking (DB) along with frequency-selective scheduling is a typical scenario for introducing rank constraint reporting of CSI processes. In this section we do not address the issue of situations where dynamic blanking with frequency selective scheduling (FSS) provides better performance than other CoMP techniques such as DPS or over non-CoMP techniques such as eICIC. Assuming that DB is the preferred CoMP technique along with FSS we study the impact of rank constraint reporting by a UE.
The following simulation results correspond to DB-CoMP in a Hetnet scenario with 9dB bias where co-sited macro eNBs may dynamically mute in specific sub-bands (simulation details in Appendix). A standard PF metric based frequency-selective scheduler is used. Figure 1 show that (with bursty traffic) the probability of a grant by a pico eNB being either completely protected by macro (fraction=1) or completely unprotected by macro (fraction=0) is more than 98%. Similarly Figure 3 show that in the case of full-buffer traffic the probability that a grant by a pico eNB is either completely protected or completely unprotected is more than 88%. Note that this 88-98% of the grants will be not be benefited due to rank constraints and the fraction of grants that are completely protected will be adversely affected (approximately 40%). The exact proportion depends to a certain extent on packet size and scheduler metric but in general a large proportion of grants will not be benefited or will be adversely affected. Figure 2 and Figure 4 prove this point by showing that the rank distribution for high-interference and low-interference hypothesis can be significantly different.
Figure 1 and Figure 2 correspond to bursty traffic.
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Figure 2: Probability density (pdf) of the fraction of a (pico) grant that is protected by macro blanking. 0=the entire grant is unprotected, 1=the entire grant is protected (bursty traffic)
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Figure 3: CDF of high-interference rank (blue) and low-interference rank (red). Bursty traffic.
Figure 3 and Figure 4 correspond to full-buffer traffic.
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Figure 4: Probability density (pdf) of the fraction of a grant that is protected by macro blanking. 0=the entire grant is unprotected, 1=the entire grant is protected (full-buffer traffic)
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Figure 5: CDF of high-interference rank (blue) and low-interference rank (red). Full-buffer traffic.

Based on the above discussion we conclude that 
Most of the time (98% in the case of bursty traffic) a rank constraint is unnecessary as a grant is either completely protected or completely unprotected. This naturally occurs due to a standard PF metric-based FSS scheduler.
A large fraction of time (approximately 40%) a rank constraint will cause throughput loss as the rank distribution between low and high-interference hypothesis can be significantly different.
4 
Conclusions
Based on above analysis, we fail to see the benefit of introducing common rank and sub-band constraints using a CSI reference process.
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Appendix

Table 1: Simulation assumptions for section 3:
	Parameter 
	Value 

	System BW 
	10 MHz 

	Channel model 
	3GPP Case1 , 3D antenna 

	Antenna configuration　 
	2x2, cross-polarized 

	Traffic model 
	Full buffer 

	UE receiver 
	MMSE 

	Scheduling Scheme 
	Proportional fair 

	Transmission scheme 
	Single cell, SU-MIMO 

	CSI reporting delay and period 
	Delay: 5 ms, Period: 5ms 

	User per cell 
	10 

	RS Overhead 
	2 CRS port 

	PDCCH overhead 
	3 OFDM symbols per TTI. 

	Rank Adaptation 
	Rank Adaptation Enable 


Table 2: Simulation assumption for section 4
	Parameters 
	Values 

	Hetnet scenario 
	4b, 4 picos/macro, 0, 9 dB CRE bias 

	CoMP scenario 
	15-cell coordination area (one site), 

Dynamic Blanking (at all co-sited macros) 

	Antenna configuration 
	2x2 

	Traffic 
	FB, Bursty 

	Scheduler 
	FSS

	Feedback 
	Independent high and low interference CSI feedback, rank adaptation 

	Channel 
	ITU-Uma/UMi 


