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1. Introduction
Rank inheritance between CSI processes receives substantial interest [1]

 REF _Ref339616195 \r \h 
[2] . Support for it was agreed in the last meeting for aperiodic reporting, as evident from chairman minutes:
When a reference process is configured

· A RI-reference-process can be configured for a CSI process

· RI of the process can be configured to inherit its value from the RI reported in the same subframe of the RI-reference-process

· A subband-reference-process can be configured for a CSI process

· Selected subband(s) of the process can be configured to inherit the selection of subbands that is reported in the same subframe of the subband-reference-process

· The RI/subband computation for a first CSI process, without a reference CSI process, is derived solely based on the first CSI process, it does not take into account any other CSI processes, regardless if a second CSI process has been configured with the first CSI process as a reference  CSI process

· FFS: A PMI-reference-process can be configured for a CSI process

· PMI of the process is taken to be the same as for PMI-reference-process that is reported in the same subframe

· A RI-reference-process must be configured for the process and it must correspond to the same process as the PMI-reference-process

Rank inheritance allows efficient use of DPB and DPS by avoiding excessive use of rank override that would otherwise destroy the accuracy of the CQI. By relying on the rank inheritance technique, simulation results show that intra-site CoMP gains using DPB can be maintained, avoiding a drastically reduced gain on the order of 50% when the system load is high [3]. The current agreement only offers support for inheritance for aperiodic CSI feedback.  This contribution discusses the need of supporting inheritance also for the periodic feedback. 
2. The Need of Inheritance for Periodic CSI Feedback
To support frequency-selective DPB, the scheduler needs comparable CQI values for the involved interference hypotheses that the scheduler is supposed to evaluate on a particular frequency resource. Since the rank must be the same for all scheduled frequencies, it becomes crucial that the ranks are the same of all the CSI processes corresponding to the different interference hypotheses. If not, the rank of at least one of the CSI processes needs to be overridden to match the rank that is common to the whole system bandwidth when the scheduler compares the different interference hypotheses. When rank override occurs, the CQIs become erroneous since the CQIs are computed conditioned on the rank. 
Note that frequency-selective DPS suffers from the same problem with inability to properly compare the hypotheses when the rank is different. The problem with independent rank reporting was also described in [3] where system level simulation results show large losses when rank inheritance is not used.
Observation

· For frequency-selective DPB and DPS, excessive rank override with resulting CQI errors occurs in absence of rank inheritance support

· CoMP gains may be halved when rank inheritance is lacking [3]  

Although rank inheritance is supported for aperiodic CSI feedback, it has not yet been agreed for the periodic report on PUCCH. But clearly, the frequency-selective CSI mode on PUCCH, PUCCH 2-1 exhibits the same need for rank inheritance as described above. 
Observation

· Rank inheritance is currently only supported for aperiodic CSI feedback

· Rank inheritance would obviously give benefits to frequency-selective periodic reports, as it does for the already agreed aperiodic reports

· PUCCH 2-1 would benefit from rank inheritance

Because the need for rank inheritance arises in conjunction with frequency-selective DPB (as well as DPS), it may be tempting to draw the conclusion that rank inheritance is not needed for the periodic wideband reports on PUCCH (PUCCH 1-1). Studying further how a typical scheduler operates reveals that this conclusion is wrong and that support for inheritance also for PUCCH 1-1 is important. 
Observation

· Rank inheritance is needed also for periodic wideband reports on PUCCH even though the rank override problem could in theory be avoided for wideband DPB/DPS
To understand why rank inheritance is needed also for wideband reports on PUCCH, first keep in mind that the scheduler has to simultaneously deal with periodic and aperiodic reports. A UE is typically configured to continuously report periodic CSI (e.g. PUCCH 1-1) but once it starts receiving data packets, the eNodeB will after a while start requesting aperiodic CSI, preferably piggy backing it on TCP ACK/NACKs that anyway have to be transmitted in the uplink. Thus, at a given subframe, the scheduler faces a mixture of report types (aperiodic or periodic) from the UEs wanting data; some UEs provide aperiodic CSI feedback while other UEs provide periodic CSI feedback.  Due to the presence of the frequency-selective aperiodic reports, a typical scheduler implementation operates on a per frequency resource basis, for example making scheduling decisions on a subband per subband basis in a rather separate manner. If only a wideband report is available for a UE the straightforward implementation is to replace the wideband report with a corresponding frequency-selective report with a CQI value that is the same in all subbands. Such a strategy maintains the same scheduling methodology regardless of the report type while also seamlessly provides support for a mixture of report types and frequency domain scheduling whenever applicable. This makes it important that the aperiodic and periodic report works in a similar manner, i.e., both should support rank inheritance. Otherwise, the CQI from the periodic reports will suffer from excessive rank override. Furthermore, it is highly desirable from performance, implementation and time to market point of view if LTE is designed so that supporting CoMP does not necessitate abandoning the present efficient scheduling methodology to try to overcome the problems associated with lack of rank inheritance, keeping in mind that most UEs will anyway be operating in a non-CoMP fashion even when COMP is enabled over the CoMP cluster. 
Observation
· Scheduler has to deal with a mixture of aperiodic and periodic reports in the same subframe because aperiodic and periodic report operate in tandem
· A typical scheduler implementation operates on a per frequency resource basis

· Wideband reports from some UEs are treated in a similar manner as frequency-selective reports but with the same CQI value for all subbands

· Since a scheduler should be able to treat wideband and frequency-selective reports in the same manner, also wideband periodic reports need to support rank inheritance to avoid excessive rank override. 

· Highly desirable if CoMP can be supported within existing efficient scheduling methodology

· Increases performance, simplifies implementation and facilitates early introduction of CoMP

It should also be kept in mind that just because the CQI is reported wideband does not mean that the scheduling will be wideband, even in the case when all UEs use wideband reports. For example, a neighboring transmission point may be silent on a first part of the frequency band and active on a second part, possibly because the data buffer has been emptied which is regularly occurring with TCP slow start or the usual heterogeneous traffic patterns in practice. To cope with such a situation, the scheduler certainly wishes to use different CSI reports for the two parts and it is quite likely that the rank will be different for those reports unless inheritance is employed. 
Observation

· The use of wideband CQI reports does not imply that the scheduling will be wideband even if all UEs use wideband reports
· Since interference may still be frequency-selective
3. Inheritance on PUCCH – A clean Design

Support of rank inheritance on PUCCH was discussed already in RAN1 #70bis. There was strong support for adopting rank inheritance but a few companies raised concerns on issues particular to the PUCCH, such as collision handling. Collision of RI of the CSI reference process with RI of the dependent CSI process was discussed, including what would happen if the RI-reference was dropped. 
To correctly assess the impact of CSI collisions on rank inheritance, it deserves to be emphasized that such collisions of different CSI processes on PUCCH are easy to avoid by proper eNodeB configuration of the periodicities and subframe offsets. Thus, the potential presence of collision problems does not provide reasons for not supporting rank inheritance. This is also in line with the underlying assumption in standardization of specifying UE behavior under the assumption of a properly configured eNodeB; an ill-configured eNodeB could always ruin the system despite what is specified so it becomes meaningless to try to counteract that with additional UE behavior. In addition, there would be no incentive at all for network vendors to deploy an ill-configured eNodeB making discussions on collision handling rather irrelevant from a practical point of view.

Observation

· Easy to avoid collision problems by proper eNodeB configuration of periodicities and subframe offsets

· Note that standardization deals with specifying UE behavior assuming a properly configured eNodeB

· Potential presence of collision problems does not provide reasons for not supporting rank inheritance on PUCCH
· There are plenty of situations with properly configured eNodeB where rank inheritance would not face any collision problems while it would still provide benefits to the system

Proposal

· Introduce rank inheritance support on PUCCH

· For PUCCH 1-1, PUCCH 2-1
· A RI-reference-process can be configured for a CSI process

· The RI (assumed as well as transmitted) of the CSI process can be configured to inherit its value from the most recent RI report of the RI-reference-process

· The inheritance occurs in the same subframe as the transmission of the RI-reference making the inherited value available to all dependent reports in succeeding subframes

· The same transmission/dropping rules as for without rank inheritance are applied.

· In particular, the RI of the dependent CSI process is thus transmitted as well

· The reference-CSI-process and the dependent CSI process must be using the same feedback mode and configured on the same carrier
· If the inherited value has not been previously transmitted, the dependent CSI process should assume the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction.

3.1. Collision Situations
Even though the presence of collision situations between the RI-reference-process and the dependent process do not constitute a reason that would prevent the introduction of rank inheritance, lets for the sake of the discussion take a look at the possible collision cases assuming the above proposal is adopted. 

1. RI with non-RI CSI: According to present dropping rules, CSI reports containing RI are always prioritized meaning that rank inheritance is unaffected by this collision case

2. RI with RI: Present dropping rules state that the RI report with lowest CSI process index is retained while the other report is dropped. If the RI-reference is dropped, the dependent CSI process will simply inherit the value of an earlier RI-reference transmission and the reference process will maintain its earlier RI value. This maintains the same RI value of the two CSI processes. If the dependent RI is dropped, the RI-reference-process may update its RI value while the dependent RI is kept the same as an earlier RI-reference transmission. For this case, the CSI processes indeed may have different RI values but the UE behavior is still clear and such a  situation with different RI values may be easily avoided by making sure the reference CSI process has the lowest process index. 
3. RI+PMI1 with RI+PMI1: This only occurs for PUCCH 1-1 Mode 1. The situation is similar to that in point 2 above, but with PMI1 of the dependent process being possibly updated when the reference report is dropped. Again, no serious issues exist and the UE behavior remains well-specified

4. RI+PTI with RI+PTI:  This only occurs for PUCCH 2-1 with 8 CSI-Rs ports. The situation is similar to as in point 2 above but with PTI of the dependent process being possibly updated when reference report is dropped. Again, no serious issues exist and the UE behavior remains well-specified

Hence to summarize the collision cases, there are no serious issues and the present dropping rules all lead to a well-specified UE behavior.
Observation

· The possible RI collision cases (RI with RI, RI+PMI1 with RI+PMI1, RI+PTI with RI+PTI) pose no serious issues and all have well-specified UE behavior.

3.2. Timeline of PUCCH 2-1
Some concerns were raised in [4] regarding timeline issues with PUCCH 2-1 in conjunction with rank inheritance. The potential issue was that if the RI-reference changes within a cycle over the bandwidth parts, immediately inheriting the RI value results in that different bandwidth parts may need to assume different rank values, which may be problematic considering that the precoder cannot be updated to reflect the new rank until after a cycle of bandwidth parts. As previously mentioned, this problem is easily avoided by proper eNodeB configuration where the subframe offset of the RI of the reference process is set such that it never overlaps with the bandwidth part cycle of the dependent process. If it is still deemed necessary to handle weirdly configured timelines, one possibility would be to consider changing the timing on when the RI value is inherited by the dependent CSI process for PUCCH 2-1. If the inheritance is delayed till the RI subframe of the dependent process, all timeline issues are resolved, even in the presence of PTI. 

Observation

· Timeline issue of PUCCH 2-1 may easily avoided by proper eNodeB configuration
Proposal

· If timeline issue of PUCCH 2-1 is deemed necessary to be solved

· the dependent CSI process inherits the RI value of the most recent RI report of the RI-reference-process in the subframe the dependent CSI process transmits RI.

4. Conclusions
This contribution discussed rank inheritance between CSI processes for periodic CSI reporting. Based on the findings herein, we observe that
· For frequency-selective DPB and DPS, excessive rank override with resulting CQI errors occurs in absence of rank inheritance support

· CoMP gains may be halved when rank inheritance is lacking [3] 
· Easy to avoid collision problems by proper eNodeB configuration of periodicities and subframe offsets

· Note that standardization deals with specifying UE behavior assuming a properly configured eNodeB

· Potential presence of collision problems does not provide reasons for not supporting rank inheritance

· There are plenty of situations with properly configured eNodeB where rank inheritance would not face any collision problems while it would still provide benefits to the system

and based on the discussions and the observations we propose
· Introduce rank inheritance support on PUCCH

· For PUCCH 1-1, PUCCH 2-1
· A RI-reference-process can be configured for a CSI process

· The RI (assumed as well as transmitted) of the CSI process can be configured to inherit its value from the most recent RI report of the RI-reference-process

· The inheritance occurs in the same subframe as the transmission of the RI-reference making the inherited value available to all dependent reports in succeeding subframes

· The same transmission/dropping rules as for without rank inheritance are applied.

· In particular, the RI of the dependent CSI process is thus transmitted as well

· The reference-CSI-process and the dependent CSI process must be using the same feedback mode and configured on the same carrier
· If the inherited value has not been previously transmitted, the dependent CSI process should assume the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction.
· If timeline issue of PUCCH 2-1 is deemed necessary to be solved the dependent CSI process inherits the RI value of the most recent RI report of the RI-reference-process in the subframe the dependent CSI process transmits RI.
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