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1 Introduction

The conclusions for CoMP CSI periodic feedback have been made at the RAN1#70 meeting [1]:
	Agreement:

· All the Rel 10 CSI reporting modes are supported for CoMP in Rel 11.

· All the Rel 10 CSI reporting types are supported for CoMP in Rel 11.

· The Rel 10 rules for collisions between different CSI reports in the non-CA case also apply for non-CA CoMP for the case of collision between CSI reports within one “CSI process”.
Working assumption 

· Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP.

· Strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc
· Indexing scheme for CSI processes:

· Alt1: Indexing is defined within a given CC

· Alt 2: Indexing is defined across all configured CCs 

Working assumption:   Alt 1. 
· Dropping rule is supported based on reporting type and CSI process/CC index

· Alt 1: Reporting type ( CSI process index ( CC index

· Alt 2: Reporting type ( CC index ( CSI process index

Agreement: 

Alt 1 of dropping rule is agreed.


At the RAN1#70bis meeting, the support of the feedback configuration and reporting for simultaneous CA and CoMP was confirmed, while the corresponding indexing scheme for CSI processes was also confirmed [2]. Further, for periodic feedback, the multiplexing aspect was concluded [2]:
	· Alt1: not supporting additional multiplexing of periodical CSIs  

Alt 1 is agreed.


Concerning the reference CSI process (mainly RI reference), however, no agreement has been made [2]:
	Proposal:

For Periodic feedback, take the following proposal as working assumption out of this 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

Conclusion:  Continue discussion until next meeting.


In this contribution, we will discuss the remaining issues for CoMP periodic feedback, such as the reference CSI process, etc.
2 Discussion
2.1 The RI reference
2.1.1 The support of RI-reference-process
As discussed at the RAN1#70bis meeting, the common RI is beneficial to some CoMP schemes, such as frequency-selective DPS/DPB. For example, frequency-selective DPS/DPB needs a common rank across multiple points; even the frequency selective per point operation of DPS/DPB [3] which is not frequency-selective DPS/DPB but supports frequency-selective scheduling/blanking, still needs a common rank per point. Considering the common RI from the perspective of JT performance and signaling compression, it was suggested that the common RI is not supported [4]. Due to compromise on the potential benefits for DPS, it was agreed that it is supported and configurable through higher layers by eNB for at least aperiodic feedback.
The intention of supporting the RI reference for aperiodic feedback is mainly for the performance gain rather than signaling compression. The corresponding performance gain can be exploited from periodic feedback too, similar to the case of aperiodic feedback. Furthermore, applying the same dependency of CSI processes to both aperiodic and periodic feedback is reasonable, since some CSI processes can be configured for both aperiodic and periodic feedbacks. From this aspect, it seems that it may be beneficial to support the common RI for periodic feedback, too.

The RI reference is a promising way to realize the common RI for aperiodic feedback, and thereby it has been agreed at the RAN1#70bis meeting [2]. In our opinion, the RI reference is also applicable to periodic feedback. Therefore, our suggestion is:
Proposal 1: Support the RI reference for periodic feedback for CoMP in Rel-11.
We will compare the agreed RI reference of aperiodic feedback with the proposed RI reference of periodic feedback in the sequel.
2.1.2 Inheritance of RI
According to the agreement on aperiodic feedback, RI of the process can be configured to inherit its value from the RI reported in the same subframe of the RI-reference-process. From the proposal of periodic feedback listed in Section 1, RI of the process can be configured to inherit its value from the most recent RI report of the RI-reference-process. For aperiodic feedback, the timing of reporting relies on the trigger, and all components of each CSI process will be reported in a subframe in a bunch. Hence, the RI of the linked process can follow the RI of the reference process reported in the same subframe.
However, for periodic feedback, only one or one combination of CSI components (RI, CQI, PMI, etc.) will be reported in a subframe, so it is questionable from which RI the linked process should inherit.
There is a so-called “conditioning issue” for RI inheritance arising, which is described in some contributions, e.g. [5][6]. In the contributions, the RI assumed by the subband CSI is ambiguous. It was also raised in [7] that the timing of periodic CSI reports will be changed if redundant RI is not reported. The following solutions were proposed:
· In [5], the solution is:

· the RI selection of the linked CSI process itself should be tied to the reference CSI process;

· the RI of the linked CSI process should continue to be conditioning on the latest RI of the linked CSI process.
· In [6], the solution is:

· allow subband CSI report of a linked process to follow the rank on which the most recent wideband CSI report is conditioned.
· In [7], the solution is:
· set the same period and offset of RI-reference-process and RI-linked-process.
We will firstly discuss the solution of setting the same period and offset of RI-reference-process and RI-linked-process [7]. In our opinion, this solution may potentially make the RI of the linked process dropped and thereby have the benefit of reducing the dropping probability of other CSI types with lower priority than RI, such as type (3, or 6) and type (1, 1a, 2, 2b, 2c, or 4) defined in [8].
Setting the same period and offset of RI-reference-process and RI-linked-process:

According to [8], the period of RI is mainly related to the period 
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 for CQI/PMI and the periodicity 
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 (in subband CQI modes, it is related to 
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 too). To make the period of RI for the linked process and the reference process the same, eNB should set the same period 
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 of the linked process and the reference process. With this period setting, eNB should set different offsets 
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 of the linked process and the reference process, in order to avoid the collision between subband CQI/PMI (with period of 
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) of the linked process and the reference process, as well as the collision between wideband CQI/PMI (with period of 
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). Thus, it is not problematic if the periods of RI for the linked process and the reference process are set to be the same. 

The above discussion is based on the assumption of same feedback mode for the linked process and reference process. In the same feedback mode, we can simply set the parameter 
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 the same for the linked process and the reference process. On the contrary, if they are not in the same feedback mode, we need some further analysis. More specifically, two cases concerning the different feedback modes for the linked process and the reference process exist:

· Case-1: the linked process is configured with wideband CQI/PMI reporting, and the reference process is configured with both wideband CQI/PMI and subband CQI reporting;

· Case-2: the linked process is configured with both wideband CQI/PMI and subband CQI reporting, and the reference process is configured with wideband CQI/PMI reporting.

The RI period for wideband CQI/PMI reporting is 
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, and the RI period for both wideband CQI/PMI and subband CQI reporting is 
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. For Case-1, with the same 
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, the RI reporting for the linked process is more dense than that for the reference process. For Case-2, with the same 
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, the RI reporting for the linked process is more sparse than that for the reference process. However, we can set different values of 
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 for the linked process and the reference process to generate the same period of RI.

Observation 1: The assumption of same feedback mode is not necessary to apply the same period of RI for the linked process and reference process.
From [8], the offset of RI is mainly related to the CQI/PMI offset 
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 and the RI offset 
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. From the analysis of the period of RI, eNB should set the different values of offset 
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 for the linked process and the reference process, respectively. To make the total offset of RI, i.e. 
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, the same for the linked process and the reference process, the parameter 
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 should be “compensated” for the different values of 
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. According to Table 7.2.2-1A, Table 7.2.2-1B, and Table 7.2.2-1C of [8], 
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 has a much wider “dynamic range”, so such compensation is feasible. Thus, it is not problematic if the offsets of RI for linked process and the reference process are set to be the same.
Based on the above analysis, we should properly set the most period parameters, such as 
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, to achieve the same period and offset of RI for both the linked process and reference process. Thus, the restriction of “Same period and offset are configured for the RI of the linked process as the reference process”  is somewhat hard to be standardised, also it is not necessary to be standardised due to the essence of implementation-specific.
Observation 2: Setting the same period and offset of RI for both the linked process and reference process is implementation specific and does not need to be standardised.
Therefore, we suggest:

Proposal 2: No restriction is needed to set the same period and offset and/or the same feedback mode for both the RI-linked-process and the RI-reference-process for periodic feedback.
Solution for the conditioning issue:
As mentioned in [6], two general alternatives of RI inheritance are listed:
Alt.1: PMI/CQI of the constrained process is calculated conditioned on the most recently reported RI of its RI-reference-process

Alt.2: PMI/CQI of the constrained process is calculated conditioned on the most recently reported RI of this constrained process, and the RI’s value can be configured to be inherited from the reference-CSI-process.

While some companies prefer Alt.2 [5], it is pointed out that Alt.2 has an issue that the linked (constrained) process cannot follow rank change of the reference process in time [6]. As mentioned in [6], Alt.1 may also have issue that when the reference process updates its RI report within the cycle of subband CQI/PMI reporting, it would be ambiguous that, which RI, i.e. the updated RI of the reference process or the RI that wideband CQI/PMI currently follows, should be followed by subband CQI/PMI.
However, in our view the mentioned issue of Alt.1 may not exist, since the RI the wideband CQI/PMI actually also follows the updated RI of the reference process by the definition of Alt.1. In other words, the wideband CQI/PMI of the linked process is calculated based on the most recent RI of the reference process.
Based on the proposals discussed at the RAN1#70bis meeting (c.f. Section 1) for periodic feedback on the reference process, the solution for the conditioning issue converges to the abovementioned Alt.1 (i.e. RI of the process can be configured to inherit its value from the most recent RI report of the RI-reference-process), which is also our recommendation.
Proposal 3: 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.

2.2 The subband reference

As discussed at the RAN1#70bis meeting, from the perspective of performance, the common subband selection can bring only a small gain for JT, but some loss for DPS due to the potential possibility of selecting bad subbands for the linked CSI processes. Thus, the common subband selection for aperiodic feedback is not supported in Rel-11. Similarly, we suggest that:

Proposal 4: The subband reference for periodic feedback is not supported for CoMP in Rel-11.
2.3 The PMI reference
If two CSI processes share the same channel part (NZP CSI-RS) and the same RI (configured with the RI reference), then it is possible that they would share the same PMI too. In fact, if two CSI processes share the same channel part, the only possibility of having different PMIs comes from their different ranks due to the large variance of their interference parts. It is obvious that, if the two CSI processes share the same RI, they may share the same PMI as well. The common PMI may occur in some application scenarios, such as frequency selective per point operation of DPS/DPB [3], which supports frequency-selective scheduling/blanking.
Different from the common RI, the common PMI cannot provide more effectiveness of scheduling for any CoMP schemes. Indeed, the common PMI is more like a by-product of the common RI. From the perspective of UL overhead saving, the PMI reference may save more bits than the RI reference, since one PMI has more bits than one RI does. However, the UL overhead saving is hard to exploited, as the PMI reference can be configured only when the conditions of the same channel part and the same RI are simultaneously satisfied. Thus, we prefer not supporting the PMI reference in Rel-11 for periodic feedback.

Proposal 5: The PMI reference for periodic feedback is not supported for CoMP in Rel-11.
2.4 Restiction for the reference CSI process

The dependencies among CSI processes are a feature of CoMP feedback rather than that of CA feedback, so the condition of the same CC should be imposed, once a certain dependency (e.g. common RI) among CSI processes is supported. Thus, a CSI process must be configured on the same CC as the reference CSI process for periodic feedback.

Proposal 6: A CSI process must be configured on the same CC as its reference CSI process for periodic feedback.
3 Conclusion
In this contribution, we have discussed the remaining issues for periodic feedback and conclude our recommendations as follows:
Proposal 1: Support the RI reference for periodic feedback for CoMP in Rel-11.
Proposal 2: No restriction is needed to set the same period and offset and/or the same feedback mode for both the RI-linked-process and the RI-reference-process for periodic feedback.
Proposal 3: 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.

Proposal 4: The subband reference for periodic feedback is not supported for CoMP in Rel-11.
Proposal 5: The PMI reference for periodic feedback is not supported for CoMP in Rel-11.
Proposal 6: A CSI process must be configured on the same CC as its reference CSI process for periodic feedback.
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