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1 Introduction

In RAN1#70bis, a way forward on rank and subband inheritance between CSI processes for periodic CSI modes was proposed but did not achieve consensus [1]. In that way forward, the following was proposed:

Proposal when a CSI process reference is configured:

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

· RI of the process is taken to be the same as for the RI-reference-process that is reported in the same or most recent preceding subframe 

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

· Selected subband of the process is taken to be the same as the selected subband of the corresponding bandwidth part of the subband-reference-process that is reported in the same or the most recent preceding subframe
· All configured reference processes of a certain CSI process must correspond to the same CSI process
· A CSI process must be configured in the same feedback mode and on the same CC as the reference CSI process
· This implies (among other things) that there is no mixing of aperiodic and periodic reports
· A CSI process with a reference CSI process shall not be reported until the reference property of the reference CSI process has been reported at least once
· There is no rank/subband signalling compression
· FFS: If compression can be achieved with minimum implementation/specification effort for transmissions on PUCCH
· The collision handling will be unaffected by this proposal 

This contribution discusses the related aspects and provides our views on how RI inheritance for periodic feedback should be defined. In particular, CSI compression in feedback reports on PUSCH should be precluded to avoid increasing the complexity of eNB detection.
2 RI inheritance for periodic feedback
It was proposed that when RI inheritance is configured, the redundant rank for the CSI process conditioned on a CSI-reference process is not reported (so-called CSI feedback compression). Since a single periodic CSI process can be reported per subframe in Rel-11, the overhead savings of CSI compression are not compelling. For example, a PUCCH reporting type 3 could be omitted for a CSI process that has a CSI-reference-process. For other reporting types, the PUCCH reporting still needs to be done since it also carries CQI/PMI/PTI even if rank index is omitted. So overall, considering that the only savings are obtained by omitting some of the PUCCH reporting type 3 which usually has a long period, we see limited benefits for compression in terms of overhead savings for periodic CSI feedback.
Concerns for compression are more serious for the case where the periodic CSI is reported on the PUSCH. In this case, compression would require several eNB implementations for receiving CSI on PUSCH with/without compression and for receiving aperiodic CSI on PUSCH, keeping in mind that no compression would still be a common case for CSI feedback for CoMP and non-CoMP operation. Limited overheads savings from compression on PUSCH for reporting a single CSI are not sufficient to justify significant changes in eNB implementation.

Proposal 1: if RI inheritance is configured for periodic CSI feedback, rank should still be reported for the CSI process associated with a CSI-reference process, i.e. CSI compression is not supported for PUSCH and PUCCH reporting of CSI feedback.
About the feedback modes, it is reasonable to configure the same feedback mode for the linked process as the reference process, as shown in Figure 1(a). First, the same feedback mode between the linked process and the reference process will benefit the operation of joint transmission and dynamic point selection between the linked process and the reference process, since the same type of CSI feedback can be used by the scheduler. Secondly, considering the possibility of different computation method for RI of PUCCH mode 1-1 and RI of PUCCH mode 2-1, keeping the same feedback mode for the linked process as the reference process should improve the accuracy of RI inheritance. 
Proposal 2: a CSI process must be configured in the same feedback mode as the reference CSI process.

Another issue is the RI period and absolute offset relationship between the reference process and the linked process. The mentioned RI absolute offset is not the relative reporting offset for RI (
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Note: 
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 are defined in section 7.2.2 of [2]

There are two impacts of RI period and absolute offset relationship to system performance. The first impact is the latency for RI inheritance. And second impact is the RI reporting collision between the reference process and the linked process. 
In order to avoid high latency for RI inheritance and to allow RI of the linked process to track the change of RI of the reference process; the RI of the linked process should be immediately reported after the reference process, as shown in Figure 1 (a), where there is only 1ms delay between the RI of the linked process and the RI of the reference process. In contrast, as Figure 1(b) shows the RI of the linked process being reported earlier than the reference process. As a result, a high latency of RI inheritance (19 ms) is inevitable, which means the RI of the linked process may be out of date for the scheduler.
Observation 1: the RI of the linked process should be configured to be immediately reported after the reference process, in order to avoid the high latency of RI inheritance.
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(a) Low-latency configuration for RI inheritance
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(b) High-latency configuration for RI inheritance
Figure 1:  Feedback modes and latency for RI inheritance between reference process and linked process

The second impact of the configuration of period and absolute offset for rank reporting is RI collisions. Since the RI of a CSI process is configured to inherit its value from the most recent RI report of the RI-reference process, one possibility to avoid the redundant rank report is by configuring the same period and absolute offset for the RI of the linked process as for the reference process. Under the condition of this proposal, the UE would have to drop the report containing RI of the linked process or the reference process, and it is reasonable to drop the RI of linked process. However this would induce the loss of PTI information for PUCCH reporting type 6 in PUCCH mode 2-1 in case of 8Tx, so PTI would never be reported. 
Observation 2: RI reporting collision between reference process and linked process should be prevented in order to avoid the loss of PTI information for PUCCH reporting type 6 in PUCCH mode 2-1.
The current definition of the CSI feedback specifies that the reported PMI and CQI are conditioned on the reported rank. Never having a reported rank for a CSI process, even if it has a reference CSI process, would make CSI feedback performance tests complicated and may require to specify special cases in RAN1. 

Based on the above observations, eNB should guarantee that the rank of the linked process is reported. One possible solution is configuring the same period and two different absolute offsets for the reference process and linked process. Preferably, the RI of the linked process should be configured to be reported immediately after the RI of the reference process, as shown in Figure 1(a).

Observation 3: the same period and different absolute offsets should be configured for the RI of the linked process and the reference process.
3 Conclusions
This contribution provided an analysis of RI inheritance for periodic feedback. If RI inheritance for periodic feedback is supported in Rel-11, it should be consistent with the following proposals:

Proposal 1: if RI inheritance is configured for periodic CSI feedback, rank should still be reported for the CSI process associated with a CSI-reference process, i.e. CSI compression is not supported for PUSCH and PUCCH reporting of CSI feedback.

Proposal 2: a CSI process must be configured in the same feedback mode as the reference CSI process.
In practical deployment, the following aspects should be ensured:

Observation 1: the RI of the linked process should be configured to be immediately reported after the reference process, in order to avoid the high latency of RI inheritance.
Observation 2: RI reporting collision between reference process and linked process should be prevented in order to avoid the loss of PTI information for PUCCH reporting type 6 in PUCCH mode 2-1.
Observation 3: the same period and different absolute offsets should be configured for the RI of the linked process and the reference process.
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