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1. Introduction

In RAN1 #70bis meeting it was agreed to specify reference process configuration in aperiodic feedback to support CoMP. So when a UE is configured multiple CSI processes, the network may indicate the UE to reuse the RI value generated based on one specific CSI process for the CSI calculation and reporting of another CSI process, when the aperiodic feedback is triggered. Similar mechanism should be introduced also in periodic feedback, but the fact that CQI/PMI are reported in different subframes with RI in periodic feedback modes makes situations complex. Although the agreement was not reached, the proposals were provided in last meeting:

· 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 most recent RI report of the RI-reference-process

· The RI 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

· No consensus on subband and PMI reference process 

· A CSI process must be configured in the same feedback mode and on the same CC as the reference CSI process
· If the RI of a CSI process is configured to inherit its value from the most recent RI report of the RI-reference process

· Same period and offset are configured for the RI of the linked process as the reference process
The main reason why the RI reference is not agreed yet is there is no consensus on the method to configure the reference in RRC layer to reduce the specification impact while promising the validity of RI reference. One method as the last bullet of the proposals is to configure same period and offset for the RI of the linked process as the reference process. There are however other methods to solve the problem which does not require so strong configuration constraint. Those methods are presented and compared with respect to the system and specification impact. We believe with the listed configuration methods, the RI reference configuration in periodic feedback can be effective just as in aperiodic feedback modes.
2. Analysis of different configuration methods
2.1. Always conflict configuration
The proposal provided in last meeting suggested that the linked CSI process should be configured the same period and offset of RI reporting with the reference CSI process. If the reference CSI process is configured lower index, the RI report of the linked CSI process, which should be the same with the reference process, will always be dropped due to the dropping criterion. Different from Rel. 10 UE behavior, if the RI reference is configured, the PMI/CQI report of the linked CSI process should be calculated conditioned on the last reported RI of the reference CSI process. The benefit of such configuration is that the RI report of the linked CSI process can always be dropped to realize the overhead compression, and the PMI/CQI reports of the involved CSI processes can be calculated based on the same RI value simultaneously.

Different periodic feedback modes however have different RI reporting periodicity and offset configurations. In periodic feedback mode 1-1, the periodicity of RI reporting is denotes as 
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, while in periodic feedback mode 2-1, the periodicity of RI report is denoted as 
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 is the number of bandwidth parts, and 
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 is configured by higher-layer signaling. Therefore the linked CSI process and the reference CSI process have to be configured the same periodic feedback mode, or the conflict of these CSI processes is difficult to be guaranteed. Note that similar constraint is not necessary for aperiodic feedback.

Dropping the RI report of the linked CSI process is generally OK when the report is type 3. However, if the conflicting report of the linked CSI process includes not only RI, but also other information, e.g., wideband first PMI, or PTI (type 5 or type 6 report), certain problems might be caused. For example, for JT realization purpose, we may have to configure 2 CSI process corresponding to 2 different NZP CSI-RS-resources. If the reference CSI process is linked to a 4 ports NZP CSI-RS-resource while the linked CSI process corresponds to an 8 ports NZP CSI-RS-resource, assuming mode 2-1 is configured to both processes, the RI of the linked CSI process should be jointly coded with a PTI. The conflict however happens and the type 6 report of the linked CSI process is dropped. In this case the network cannot know what the PTI is and how to treat the following CQI/PMI. Similar problem applies also for feedback mode 1-1.

Even if the reference CSI process and the linked process are based on the same NZP CSI-RS-resource, extra constraints other than those listed in the proposal have to be applied to the RRC configuration. For example, when both the processes are linked to a 8 ports NZP CSI-RS-resource, the same submode has to be applied when configured feedback mode 1-1, and UE have to report same PTI when the CSI processes are configured feedback mode 2-1 and 8 ports CSI-RS.

Observation: If same period and offset are configured for the RI of the linked process as the reference process, problems may be met for JT realization, and extra constraints have to be applied such as same submode or same PTI value to support Frequency Selective DPB, when 8 ports NZP CSI-RS-resource is configured to the UE.

2.2. The other candidate solutions
Besides the method of applying exact same period and offset of RI for both reference and linked CSI process, there are other methods to solve the reporting timeline problem caused by the reference RI value. Fig. 1 shows a typical example of 2 independently configured CSI processes, both of which are configured feedback mode 1-1. Assuming CSI process 1 is configured as reference CSI process for CSI process 2. In subframe #1, a RI report is configured for CSI process 1. However, the next RI report of CSI process 2 is configured on subframe #4. According to Rel. 10 UE-like behavior, the PMI/CQI report on subframe #2 has to be calculated conditioned on its own last RI report, which could be different with the one reported by the reference CSI process. If the disaccord happens, it is impossible to use the PMI/CQI reported in subframe #2 for JT or Frequency Selective DPB. To solve the problem, we have 2 alternatives:
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Figure 1. Example of reporting timeline when reference CSI process is configured (feedback mode 1-1)

Alt. 1: Force every CQI/PMI report of CSI process 2 to be calculated conditioned on the last reported periodic RI of CSI process 1, regardless what was reported in its own last RI report. Therefore once the RI reference is configured to a CSI process, the UE behavior of each periodic mode has to be modified.

However, as mentioned in [1], if CSI process 2 is configured feedback mode 2-1, problems could be met because in certain subframes the subband CQIs have to be calculated conditioned on both last reported RI and wideband PMI. An example is shown in figure 2. In this case, the subband CQI report in subframe #2 should not be based on the last reported RI of the CSI process 1 in subframe #0. It is till the end of the reporting cycle, i.e., subframe #7 in which the wideband PMI conditioned on the last RI report of CSI process 1 is generated, the following subband CQI could be based on the updated RI value. 
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Figure 2. Example of reporting timeline when reference CSI process is configured (feedback mode 2-1) 

Besides that, we observe that problems could be more severe if CSI process 2 is linked to an 8 ports NZP CSI-RS-resource since the CQI/PMI generation may have to be conditioned on the wideband first PMI which could be jointly coded with RI value (in mode 1-1, submode 1). In this case, the wideband CQI/wideband second PMI report of CSI process 2 in subframe #2 (Fig. 1) is still conditioned on its own last RI report , and only after subframe #4, the reference RI value could be applied. Similar problem can exist also in mode 2-1 when RI is jointly coded with PTI, which is important for PMI searching. In those cases, we may have to trade the possibility of using PMI/CQI reports located in the interval of 2 successive RI reports from 2 CSI processes for JT or Frequency Selective DPB scheduling for a simplified design.
Alt. 2: Similarly with the method in the proposal of last meeting, the same period can be applied to the configured CSI processes. Besides that, we can make sure that there will not be any PMI/CQI report in the interval between the RI reports of CSI process 1 and CSI process 2 through proper offset configuration. The RI reported by CSI process 2 is forced to be the same with that reported by CSI process 1 in last subframe. Hence the PMI/CQI report for CSI process 2 can be generated based on its own last reported periodic RI (of cause eNodeB may ignore this RI report since the reference configuration is known to both sides, so as to avoid any ambiguity caused by possible erroneous RI transmission), and the UE behavior does not have to be modified.

We summarized the pros and cons of these 2 alternatives in Table 1. 

Table 1. Pros and Cons of the alternatives to configure RI reference process

	Configuration method
	Pros
	Cons

	Alt. 1
	Independent and flexible RRC layer configuration per CSI process.
	UE behavior has to be extended.

Could not guarantee the target CoMP schemes requirement in time in some special cases.

	Alt. 2
	No new UE behavior required.

The availability of PMI/CQI report conditioned on the expected same RI is promised.
	Many constraints on RRC layer configuration, including feedback modes, period and offset of RI report, etc.


Based on the above analysis, our proposal is

Proposal 1: The RI reference configuration method should be one of the 2 alternatives.

· Alt. 1: The PMI/CQI of the linked CSI process could be calculated conditioned on the updated RI value from the RI reference process in the proper instance, regardless of its own last RI report.

· Alt. 2: Proper RRC layer configuration is applied to make sure RI report of the linked CSI process is in the next subframe of the one in which the RI report of the reference CSI process is configured.

Note that either Alt. 1 or Alt. 2 can solve the possible reporting timeline problem when RI reference is configured to a specific UE. If Alt. 1 is adopted, the configuration constraint listed in the proposals of last meeting such as same feedback mode, same period and offset of RI report can be removed. Anyway, since practical options is provided to realize reference process configuration, we propose:
Proposal 2: The RI reference process configuration for periodic feedback should be supported in Rel. 11.
3. Conclusion

In this contribution, we provided our analysis of the proposed RI reference configuration method in last meeting, the observation is made that:

Observation: If same period and offset are configured for the RI of the linked process as the reference process, problems may be met for JT realization, and extra constraints have to be applied such as same submode or same PTI value to support Frequency Selective DPB, when 8 ports NZP CSI-RS-resource is configured to the UE.

To avoid the problems above, we propose:

Proposal 1: The RI reference configuration method should be one of the 2 alternatives below:

· Alt. 1: The PMI/CQI of the linked CSI process could be calculated conditioned on the updated RI value from the RI reference process in the proper instance, regardless of its own last RI report.

· Alt. 2: Proper RRC layer configuration is applied to make sure RI report of the linked CSI process is in the next subframe of the one in which the RI report of the reference CSI process is configured.

Proposal 2: The RI reference process configuration for periodic feedback should be supported in Rel. 11.
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