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1. Introduction
In the RAN1 #69 and RAN1 #70 meetings, the following agreements on the CSI feedback for CoMP were achieved.
· The eNB configures the CSI(s) to be reported by the UE
· A Rel-11 UE can be configured to report one or more CSIs per CC

· If PMI/RI reporting is configured, each CQI is associated with a PMI+RI
· A CSI process is a combination of a NZP CSI-RS resource and an IMR. A given CSI process can be used by periodic and/or aperiodic reporting.
The following aspects need to be further discussed at RAN1 #70bis [1]:
· FFS: A RI-reference-process can be configured for a CSI process
· FFS: PMI/CQI of the process is calculated conditioned on the RI of its RI-reference-process ,if configured, that is reported in the same or the most recent preceding subframe 
In this contribution we share our views on rank constraint on the top of our previous study [2].
2. High rank transmission
In CoMP transmission, multiple transmission points (TPs) cooperate for the data transmissions to one or multiple UEs. Some UEs might prefer high rank transmission instead of single rank transmission due to its higher spatial multiplexing gain and/or better channel quality. An example of the probability of rank allocation for scheduled UEs in CS/CB in scenario 1 is given in Fig. 1, where rank-2 transmission is preferred by up to 45% of scheduled UEs. The simulation assumptions are given in Table 1 in the Annex. In DPB, one or more TPs might be muted during data transmission to one UE in a time-frequency resource, so the probability of high rank transmission in DPB might be even higher than that of single-cell transmission; similarly, with CS/CB the inter-cell interference should be significantly reduced, leading to a higher chance of being able to schedule high rank transmissions in the serving cell.
Observation 1: CoMP operation should not be limited to rank-1 transmission only.
3. Configuration of RI reporting
For the rank reporting in CS/CB, the correct rank corresponding to the CSI process associated with its serving cell is important. The feedback CSI corresponding to other configured CSI processes indicates which precoders the cooperating cells should avoid; a rank indicator greater than 1 for a cooperating TP would imply that there is more than one precoding vector from that TP that would cause significant interference to the UE and should be avoided. 

[image: image1.emf]1 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 

Rank Number

Probability

 

 

54.3%

45.7%


Fig. 1 Rank usage for scheduled UEs in CoMP scenario 1, CS/CB
For JT, all TPs or only some of the TPs in the measurement set configured for a UE might participate in the data transmission. Therefore the RI report corresponding to each TP in the measurement set could be same or different depending on their respective data-transmission qualities for the UE. Consequently the performance of the JT would be sensitive to the selection of RI-reference-process within the CoMP measurement set since the UE would be forced to report the same RI for all CSI processes no matter whether the TPs may or may not participate in a joint transmission.  
For DPS, each CSI process might prefer a different transmission scheme with independent RI reporting.
Furthermore, similarly to single-cell transmission, the network needs to make an appropriate decision on when to switch between SU-MIMO-based CoMP and MU-MIMO-based CoMP. In SU-MIMO-based CoMP, a TP only transmits data to a single UE. Hence higher rank transmission would be more likely in this case. While in MU-MIMO-based CoMP, a TP transmits data to multiple UEs in a time-frequency resource so that lower rank transmission is more likely to be selected for each UE. In the latter case, it would be preferred to restrict the UE’s rank assumption to rank 1. Therefore different RI restrictions can be applied to different TPs and associated CSI processes correspondingly. 
Observation 2: Different CoMP schemes have different implications for the useful RI values that can be fed back for different configured CSI-RS processes. A common rank restriction based on a RI-reference-process is not enough for all CoMP schemes.
Therefore we propose to configure a rank restriction per CSI process by higher layer signalling to complement the configuration of a RI-reference-process. The higher-layer signalling could indicate ‘no restriction’, ‘RI-reference-process’ or ‘rank 1’ for each CSI process independently. 

· If the ‘RI-reference-process’ is configured for a CSI process, then the configured CSI process should inherit the rank of its RI-reference-process. 

· If the ‘RI-reference-process’ is not configured for a CSI process, but the CSI process is configured with ‘rank 1’, then the UE should select rank 1 for its CSI reporting on the CSI process.
· If neither ‘RI-reference-process’  nor ‘rank 1’ is configured for a CSI process, then the UE should determine the rank for the CSI process independently from any other CSI process. So the CSI process has ‘no restriction’.

Compared to the single rank restriction with RI-reference-process, this proposed signalling is more flexible and efficient to support all CoMP schemes, dynamic switching and also single-cell transmission.
Proposal 1: Higher layer signalling should be provided to configure the rank reporting per CSI process to one of the following modes: ‘no restriction’, ‘RI-reference-process’ or ‘rank 1’.
It should also be noted that the TPs in the measurement set of a UE may have different antenna configurations which may give different codebook preferences. Hence for CoMP with multiple per-CSI-RS-resource CSI feedback, each CSI-RS-resource may have its own restriction on which precoders are useful, and therefore each CSI process also may need independent codebook subset restriction. Therefore it is suggested to provide multiple instances of the existing RRC parameter codebookSubsetRestriction and to configure codebookSubsetRestriction independently per CSI process by the higher layer signalling. 
Proposal 2: For CoMP with multiple per-CSI-RS-resource CSI feedback, codebookSubsetRestriction is suggested to be configurable independently per CSI process.
4. Summary

In this contribution, we consider rank assumptions and reporting for DL CoMP, and give the following observations and proposals:
Observation 1: CoMP operation should not be limited to rank-1 transmission only.
Observation 2: Different CoMP schemes have different implications for the useful RI values that can be fed back for different configured CSI-RS processes. A common rank restriction based on a RI-reference-process is not enough for all CoMP schemes.
Proposal 1: Higher layer signalling should be provided to configure the rank reporting per CSI process to one of the following modes: ‘no restriction’, ‘RI-reference-process’ or ‘rank 1’.
Proposal 2: For CoMP with multiple per-CSI-RS-resource CSI feedback, codebookSubsetRestriction is suggested to be configurable independently per CSI process.
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Annex 
Table 1 Simulation assumptions for CoMP scenario 1 evaluations

	Parameter
	Values used for evaluation

	Performance metrics
	· Full buffer traffic: Cell capacity, Cell-edge user throughput

· Jain Index

	Deployment scenarios
	Homogeneous network with high Tx power RRHs 

· The central entity coordinates 3 cells in a site

	Simulation case
	3GPP-Case1 (large angle spread of 15deg)

	High power RRH Tx power (Ptotal)
	46 in a 10MHz carrier

	Number of UEs per cell
	10 for Homogeneous networks

	System bandwidth
	10 MHz 

	Possible transmission schemes in DL
	· SU-MIMO/CoMP CS/CB

	Maximal size of measurement set
	3

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	Antenna configuration
	2 columns, cross-polarized on each column, closely-spaced: X X

	Antenna pattern
	3D

	eNB Antenna tilt
	15deg

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Period of 5ms, and the delay of 6ms

· wideband PMI (R8 codebook), 5PRB-subband CQI

	CQI out-loop control
	Support

	Channel estimation
	Non-ideal. Channel estimation error based on CSI-RS

	UE receiver
	Generic MMSE receiver

	DL overhead assumption
	Fixed 0.3063

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer 

	Backhaul assumptions
	point-to-point fibre, zero latency and infinite capacity

	Link adaptation
	Non-ideal
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