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1. Introduction
In 3GPP RAN1#70bis meeting, RI-reference-process configuration was agreed for aperiodic feedback [1], and there was no consensus on subband and PMI reference process. RI-reference-process configuration for periodic feedback is still under discussion and no agreements were reached yet. In this contribution, we provide our views on some issues of RI-reference-process configuration for periodic feedback, including reporting timeline and subframe set configuration. 
2. Reporting timeline for RI-reference-process
When an RI-reference process is configured for a CSI process (linked process), RI of the linked process inherits its value from the most recent RI report of the reference process. Regarding how the linked process inherits RI from the reference process, there are two alternatives:
· Alt.1: PMI/CQI of the linked process is calculated conditioned on the RI of its reference process, which is reported in the most recent preceding subframe.
· Alt.2: PMI/CQI of the linked process is calculated conditioned on the latest reported RI of the linked process, and the reported RI value of the linked process is inherited from the reference process.
Both alternatives provide the capability of reporting common rank CSI between the two processes. However, depending on the RI reporting period and offset configuration of both processes, the two alternatives behave differently. 

Examples of both alternatives are shown in Figure 1. PUCCH reporting mode 2-1 is considered in the example. By Alt.1, CQI/PMI calculation of the linked process follows the rank of the reference process immediately if RI of reference process changes. However, if there is not any constraint on the configuration of RI reporting period and offset, it is possible that RI reporting instance of the reference process is located within subband reporting cycle of the linked process. Then if RI changes, e.g., at T1 in Figure 1, the following subband reporting will be conditioned on the new reported RI and the last reported wideband PMI which is inconsistent with the newly reported RI. The reported subband CQI/PMI may be inaccurate. The same situation also occurs in Rel-10 PUCCH 2-x reporting. By proper configuration, this problematic situation could be avoided and Rel-10 adopts this policy. Although Rel-11 can still follow the policy of Rel-10, it is preferable to avoid such problematic situation by simple specification work. To be specific, the subband CQI/PMI of a linked process shall follow the rank on which the most recent wideband PMI report of the linked process is conditioned, until a new wideband CSI is reported. From the wideband CSI reporting, new rank is applied.
By Alt.2, a linked process cannot follow rank change of the reference process until the next RI reporting of the linked process. As shown in Figure 1, RI of the reference process changes at T1 and the linked process updates its RI at time T2 by Alt.1. Hence, with Alt.1, between T1 and T2, CSI reported from the two processes are of different ranks. By Alt.2, the rank is updated after the linked process reports its own RI at T3. That is, between T1 and T3, the two processes report CSI with different ranks. It is clear that with Alt.2, the two processes can report CSI with different ranks for a longer time than Alt.1. It will have negative impact on CoMP performance. 
The length of the RI mismatch duration depends on the period and offset configurations of RI reporting for both the reference process and the linked process. To overcome the mismatch problem, we can configure the same period and offset for the RI of the linked process and the reference process. By doing so, there is no RI mismatch duration with Alt.1. However, since CSI multiplexing is not supported, RI of the linked process will be dropped (assuming the reference process has lower CSI process index) according to the dropping rule. On the other hand, when the RI of the linked process is always dropped, Alt.2 cannot function.
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Figure 1: Behavior of Alt.1 and Alt.2
Another problem is the reporting timeline when 8 CSI-RS antenna ports are configured for UE with PUCCH reporting mode 2-1. PTI is jointly encoded with RI and the reporting content and timeline depends on the value of PTI. PTI of the linked process can either follow that of the reference process or be determined and reported according to the linked process itself. PTI is an indicator of whether wideband first PMI will be reported in the following. Its reporting depends on the update rate of the wideband first PMI. Considering the use case of common RI including JT from two TPs or frequency selective DPS/DPB, it is reasonable to anticipate that the two processes update wideband first PMI with similar rate. As a result, in addition to RI, the PTI of the linked process could also inherit the value from the reference process.

If the same period and subframe offset are configured for RI/PTI reporting of both the reference and the linked process, RI/PTI of the linked process will be dropped according to the dropping rules. In this case, the PTI of the linked process has to follow that of the reference process; otherwise the linked process will behave incorrectly.

Given that the RI/PTI reporting on the linked process does not provide any useful information, it is preferable that the periodicity and offset of the RI/PTI reporting on the linked process and the reference process shall be the same. In addition, by ensuring the reporting priority of the reference process is higher than the linked process, the CSI feedback of the reference and linked process can function properly. Hence, we have the following proposal:
Proposal 1: PMI/CQI of the linked process is calculated conditioned on the RI/PTI of its reference process, which is reported in the most recent preceding subframe.
· The periodicity and offset of the RI/PTI reporting on the linked process and the reference process shall be the same.

· The reporting priority of the reference process shall be higher than the linked process. 
3. Subframe set configuration

It was agreed in RAN1 #70 meeting that subframe sets can be configured or not configured independently for different CSI processes. If subframe sets are configured for more than one CSI process on a CC, all CSI processes that have subframe sets configured shall use the same pair of subframe sets. 

According to the agreement, if both the linked process and the reference process are configured with subframe sets, their subframe sets are the same. It is then straightforward that RI of the linked process for a subframe set inherits RI from the reference process for the same subframe set.
If only one of the two processes is configured with subframe sets, it is not very useful to configure reference property for the two processes. If the two processes are associated with the same NZP CSI-RS to support frequency selective DPS/DPB, it is natural to configure subframe sets for both processes. If the two processes are associated with different NZP CSI-RS, network could choose not to configure reference property or to configure subframe sets for both processes. To simplify the specification, we propose not to configure reference property if only one of the two processes is configured with subframe sets.
Proposal 2: The reference property can be configured for two CSI processes only in the following two cases

· both of the two CSI processes are not configured with subframe sets; or

· both of the two CSI processes are configured with subframe sets. 

Proposal 3: If subframe sets are configured for both the reference and linked process, RI of the linked process of a subframe set inherits RI from the reference process of the same subframe set.
3 Conclusion
In this contribution, some issues of reference process configuration for periodic feedback are discussed, including reporting timeline and subframe set configuration. The proposals are:
Proposal 1: PMI/CQI of the linked process is calculated conditioned on the RI/PTI of its reference process, which is reported in the most recent preceding subframe.
· The periodicity and offset of the RI/PTI reporting on the linked process and the reference process shall be the same.

· The reporting priority of the reference process shall be higher than the linked process. 
Proposal 2: The reference property can be configured for two CSI processes only in the following two cases

· both of the two CSI processes are not configured with subframe sets; or

· both of the two CSI processes are configured with subframe sets. 

Proposal 3: If subframe sets are configured for both the reference and linked process, RI of the linked process of a subframe set inherits RI from the reference process of the same subframe set.
4 References

[1]   RAN1 Chairman’s notes, 3GPP TSG RAN WG1 Meeting #70bis, San Diego, USA, 8th -12th October 2012.













































































































































































































































_1412592694.vsd
SB


WB


SB


SB


RI


WB


SB


SB


Reference process


Linked process (Alt.1)


Linked process (Alt.2)


RI


WB


SB


SB


SB


WB


SB


SB


RI


WB


SB


SB


SB


WB


SB


SB


SB


SB


SB


WB


SB


WB


RI


RI


SB


WB


RI


SB


SB


SB


SB


SB


SB


SB


WB


SB


WB


Conditioned on latest reported RI of reference process


Conditioned on latest reported RI of linked process


T1: RI changed


T2: Alt.1 updates RI


T3: Alt.2 updates RI



