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1 
Introduction
An issue with rank-reporting by some UEs has been reported in [1] based on field-trials by some operator as well as vendor trials. This misbehavior of some UE in the field has raised plenty of discussion during the last 3GPP RAN 1 meetings as well as on the RAN1 reflector ([66-10] “Real-life rank reporting issues”). Moreover, several different proposals have been made with respect to interference estimation improvements effecting UE CSI measurement & corresponding rank reporting as well as eNB restriction in the rank reporting for improved dynamic SU/MU-MIMO switching support.
In this contribution, we provide our input on the discussions related to these issues with respect to “Real-life issues” as well as “CSI Enhancements” to be studied as part of the Rel. 11 DL MIMO Enhancements SI [2]. 
2 
Rank reporting enhancements for Rel. 11
During the email discussion [66-10] (status Oct. 2nd 2011), mainly three different topics and issues have been identified:

1. Improper rank reporting in case of geographically separated TX points [1]

2. Interference measurements effecting the UE rank reporting, e.g. raised in [3]

3. eNB restriction for UE rank reporting, with respect to power imbalance (e.g. in [4]) and for improved MU-MIMO support (e.g. in [5])
We discuss these issues separately and try to identify its relation to other CSI enhancement studies below.
2.1 Improper rank reporting for geographically separated TX points
Field trials have shown that some UEs are reporting a too high supported rank as part of its CSI reporting in case of a large power imbalance between the eNB antenna ports is experienced at the UE [1]. This kind of power imbalance might be due to distributed antenna systems as in [1] as well as in case of intra-cell COMP/DL MIMO Scenario B operation when the transmission points sharing the same logical antenna ports might additionally have a strong TX power imbalance (as pointed out by RIM during the [66-10] email discussions).

In [7] simulations were presented, that demonstrate that from functional specification point of view there is nothing wrong with the Rel. 8-10 rank definition as such, but the issue identified in [1] seems to be due to improper UE implementation of rank selection as part of the UE CSI reporting. Reproducing possible functional errors of a certain UE implementation as part of RAN1 studies will not be possible, as RAN1 is not aware of the detailed implementation of the CSI processing in a specific UE. We therefore think that the incorrect UE rank reporting by some UEs should be solved through appropriate test case specifications in RAN4, where specific test cases of RS power imbalances need to be included in order to prevent improper UE implementation leading to this kind of reported misbehavior in the future.

We therefore don’t see any possibility for RAN1 to do more studies on this issue, as has been already done from functional specifications point of view in [6]. We therefore suggest to refer the rank reporting issue identified in [1] to RAN4 by sending a LS.
Proposal: Refer the improper rank-reporting by some UEs in case of a large power imbalance between the antenna ports to RAN4 in form of an LS.
2.2 Interference measurements effecting rank/CSI reporting

Interference estimation accuracy as pointed out in [3] can have an effect on the reported rank – but most probably on the reported CSI overall. 
Nevertheless, any kind of interference averaging/prediction will still have the mismatch shown in [3] of having a different interference situation at the time t1 of CSI measurement and the time (t1+t2) of eNB PDSCH transmission to that UE, with t2 being larger or equal the CSI reporting delay. A perfect interference prediction leading to a better match as in [3] will only be possible with strong eNB scheduler restrictions in multiple neighbouring cells, basically keeping the interference structure constant in time. We don’t think that additionally restricting eNB scheduler decisions would be appropriate or feasible.
We therefore think that guaranteeing proper interference estimation accuracy with proper possible interference averaging (in time &/ frequency) should be sufficient in order for the UE to provide a reasonable rank estimate based on the interference situation at the times of CSI measurements.

Observation: Guaranteeing a proper interference estimation accuracy based on the subframes enabled for CSI measurements should be sufficient with respect to rank-reporting enhancements. 
Proposal: Possible interference measurement studies (if a need is identified) should be carried out as part of the CSI enhancements studies.   
2.2 eNB restrictions for UE rank reporting

There have been proposals in e.g. [4,5], to restrict the maximum rank for UE reporting by the network/eNB. Two different use cases seem to be main driver for these proposals. 
First, in case the eNB would identify an issue with the reported rank from a certain UE over longer period of time and/or in certain conditions, the eNB might just request the UE to restrict its reported rank [4]. By doing so, a misbehaving UE as in case of the large power imbalance between the antenna ports in [1] could be requested to lower the max. reported rank (in case of the field-trials reported in [1], e.g. restriction to rank=1 reporting). Applying some rank restricted reporting could of course take care of improper UE rank reporting in [1], but we still think that the problem should be solved by definition of proper UE test requirements and/or by utilizing the codebook subset restriction as already specified and not by additional new specified signalling to support improper UE implementations!

Proposal: Solve the improper SU-MIMO rank-reporting by some UEs in case of a large power imbalance between the antenna ports by appropriate test case specification and not by additional specified signaling for UE rank reporting restrictions.

Moreover, a restriction in the reported rank by UE has been proposed with respect to an improved support of dynamic SU/MU-MIMO switching, e.g. in [5]. This feature is just one part of the possible overall CSI enhancements related to improved MU-MIMO operation in Rel. 11, together with CQI and PMI enhancements envisioned. We therefore suggest the following: 

Proposal: Rank-restricted UE CSI reporting for improved dynamic SU/MU-MIMO switching should be studied together with the other MU-MIMO CSI enhancements as part of the DL MIMO CSI enhancement studies.
3 
Conclusion
In this contribution, we shortly review the rank reporting discussions in RAN1 so far and provide our view on the rank reporting issues. Considering the role of RAN1 & RAN4 as well as the “Real-Life Issues“ vs. “CSI Enhancements” studies, our discussions can be summarized as follows: 
Proposal: Refer the improper rank-reporting by some UEs in case of a large power imbalance between the antenna ports to RAN4 in form of an LS.
Proposal: Solve the improper SU-MIMO rank-reporting by some UEs in case of a large power imbalance between the antenna ports by appropriate test case specification and not by additional specified signaling for UE rank reporting restrictions.
Observation: Guaranteeing a proper interference estimation accuracy based on the subframes enabled for CSI measurements should be sufficient with respect to rank-reporting enhancements. 

Proposal: Possible interference measurement studies with respect to rank reporting (if a need is identified) should be carried out as part of the CSI enhancements studies.   
Proposal: Rank-restricted UE CSI reporting for improved dynamic SU/MU-MIMO switching should be studied together with the other MU-MIMO CSI enhancements as part of the DL MIMO CSI enhancement studies.
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