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1. Introduction

The issue on RI inheritance is not well treated due to limited time in the last RAN1 meeting, even though FD-MIMO WI is finalized, and supposed to be revisited as maintenance. In this contribution, we discuss RI inheritance between two CSI processes in FD-MIMO system. Specifically, we discuss alternative ways of RI inheritance in FD-MIMO and present our preference. Firstly, we look at legacy RI inheritance in Rel-11 and then move on to issues in FD-MIMO and alternative ways to keep inheritance feature in FD-MIMO.
2. Discussions
2.1. Legacy RI inheritance
The followings are configuration restrictions between reference process and dependent process in legacy CoMP system to make sure RI inheritance works without complication:
Restriction 1: the same feedback mode.

Restriction 2: the same number of ports.

Restriction 3: same set of restricted RI by CBSR (codebook subset restriction). In addition, if subframe sets are configured, two subframe sets are configured with the same set of restricted RI by CBSR.

Thanks to those restrictions, the two processes have the same feedback mode and are composed of the same report types and inheritance maintains regardless of subframe set. As a result, UE behaviour for the CSI calculation of dependent process becomes simpler. With these restrictions, dependent RI inherits its value from the latest reported reference RI and, when the two RIs collide and reference RI is reported, CQI/PMI of dependent process is calculated based on the reference RI. For report type 5 and 6, similar mechanism is applied.
2.2. RI inheritance in FD-MIMO

In case of Class A CSI processes, a process still has one CSIRS (even though it is an aggregated CSI-RS with multiple CSIRS resources) so that there seems no difficulty to apply the legacy method of RI inheritance between Class A processes. However, in case of Class B CSI processes, a process has multiple choices of CSIRS by CRI and, as a result, number of ports and set of restricted RI can be different according to CRI. To address this issue, we can come up with two alternatives.
· Alt 1.

We can apply similar legacy restrictions in case of Class B processes to make sure RI inheritance is working in the same way as legacy. In other words, we can apply Restriction 1, 2, and 3 between any one of CSIRS resources in Class B reference process and any one of CSIRS resources in Class B dependent process. As a result, regardless of CRI value, CSIRS in reference process and that in dependent process have the same number of ports and the two processes have the same set of restricted RI by CBSR.

 This seems to guarantee that RI of one process is always able to inherit that of the other regardless of choice of CRI. However, if the two processes have different PMI-config when K=1, two processes are composed of different report types and it requires a new UE behaviour. Specifically, Figure 1 shows an example. 
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Figure 1. PUCCH CSI feedback mode 2-1 for Class B reference/dependent process with K=1 and 8 ports CSIRS

In legacy system, both RI and PTI inherit the latest reported RI and PTI of reference process, but in Figure 1 there is no PTI to be inherited from the reference process. Also, RI inheritance for collision case between report type 3 (RI only) and 6 (RI+PTI) needs to be discussed. In order to prevent those new cases requiring spec efforts, which never happen in legacy, one more restriction can be considered such that if one of the two processes configured with PMI-config=1 the other process is configured with the same PMI-config=1 [Restriction 4]. Note that, with this restriction, RI inheritance between Class B process with K>1 and Class B process with K=1 and PMI-config=2 is still possible.
Next, we discuss another restriction on CSI reporting type. Similar to the case with different PMI-config as we mentioned above, if the two processes have difference Class, they are composed of different report types and it requires a new UE behaviour. Specifically, Figure 2 shows an example.
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Figure 2. PUCCH CSI feedback mode 1-1 submode 1 for reference/dependent process with 8 ports CSIRS

In Figure 2, dependent RI collides with reference RI and is dropped, at subframe n. In this case, it makes sense W2/CQI at n+5 is determined based on reference RI at n but there is an issue on W1 inheritance. If W2/CQI is based on W1 at n-40, which means its last reported W1, this W1 may not be calculated reference RI at n so that W2/CQI and W1 are calculated from different RI. If W2/CQI is based on W1 of reference process at n+4, it doesn’t make sense because reference process and dependent process have different codebook since their Class is different. In addition to this issue, given that objective of RI inheritance is to support frequency selective DPB which means the two processes corresponds to the same TP, it is not clear to us whether the two processes corresponding to the same TP needs to be configured with different CSI reporting type. Therefore, it is desirable that the two processes have the same Class, [Restriction 5].
In summary of Alt 1, in FD-MIMO, the following restrictions need to be introduced between the two processes in order to make sure RI, RI+PTI, or RI+W1 inheritance is applied in the same way as legacy: (new restrictions are highlighted in bold face.)
Reference process and dependent process should have:

Restriction 1: the same feedback mode.

Restriction 2: the same number of ports.

· If CRI reporting is configured for at least one of the two CSI processes, CSIRS in reference process and that in dependent process should have the same number of ports, regardless of CRI value.

Restriction 3: the same set of restricted RI by CBSR. 

· In addition, if subframe sets are configured, two subframe sets are configured with the same set of restricted RI by CBSR.
· If CRI reporting is configured for at least one of the two CSI processes, the two processes should have the same set of restricted RI by CBSR, regardless of CRI value.

Restriction 4: the same PMI-config, if one of the two processes is configured with PMI-config=1.

Restriction 5: the same Class, if CSI reporting type is configured.
· Alt 2.

Since Alt 1 introduces many configuration restrictions, it may reduce system flexibility. For example, in case of Class B reference/dependent process, Nk and set of restricted RI for all k should be the same, according to Alt 1. Meanwhile, Alt 2 can relax these restrictions, resulting in providing higher system flexibility. To be specific, Alt 2 also needs Restriction 1, 4 and 5 as written for the above Alt 1, but does not need the added subbullets in bold face for the above Alt 1 (meaning legacy Restriction 2 and 3 are sufficient) It implies the Nk and set of restricted RI can be different between the two processes according to CRI value. Instead, UE should choose CRI of dependent process in a way that Nk (/set of restricted RI) corresponding to the latest reported CRI is the same as Nk (/set of restricted RI) corresponding to latest reported CRI of reference process. In addition, eNB should guarantee UE can always choose such CRI of dependent process by providing proper configurations of dependent process and reference process.
3. Conclusion
In this contribution, we discuss two alternative ways to support RI inheritance feature in FD-MIMO. In Alt 1, a few additional restrictions is introduced and with these restrictions, in FD-MIMO, dependent RI can inherit reference RI in very similar way as legacy; RI+PTI and RI+W1 inheritance as well. On the other hand, Alt 2 seems to have more spec impact on CRI calculation. To minimize spec impact and make UE implementation simpler, we slightly more prefer Alt 1. 
In summary of Alt 1, in FD-MIMO, the following restrictions need to be introduced between the two processes in order to make sure RI, RI+PTI, or RI+W1 inheritance is applied in the same way as legacy: (new restrictions are highlighted in bold face.)

Reference process and dependent process should have:

Restriction 1: the same feedback mode.

Restriction 2: the same number of ports.

· If CRI reporting is configured for at least one of the two CSI processes, CSIRS in reference process and that in dependent process should have the same number of ports, regardless of CRI value.

Restriction 3: the same set of restricted RI by CBSR. 

· In addition, if subframe sets are configured, two subframe sets are configured with the same set of restricted RI by CBSR.
· If CRI reporting is configured for at least one of the two CSI processes, the two processes should have the same set of restricted RI by CBSR, regardless of CRI value.

Restriction 4: the same PMI-config, if one of the two processes is configured with PMI-config=1.

Restriction 5: the same Class, if CSI reporting type is configured.
Proposal: Alt 1 or 2 should be considered for RI inheritance in FD-MIMO.
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