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1. Introduction
In RAN1 #70bis the following agreement and conclusion were reached. 
Agreement:

For Aperiodic feedback, when a reference process is configured:

· A CSI process must be configured for the same CC as the reference CSI process
· There is no rank signalling compression
· A CSI Process with reference CSI Process can only be triggered in a subframe in which the reference CSI Process is also triggered 
· The UE is not expected to receive triggering commands that is not compliant with the above condition
Additional Conclusion
· No consensus on subband and PMI reference process 

Agreement:

For Aperiodic feedback, when a reference process is configured:

· A CSI process must be configured for the same CC as the reference CSI process
· There is no rank signalling compression
· A CSI Process with reference CSI Process can only be triggered in a subframe in which the reference CSI Process is also triggered 
· The UE is not expected to receive triggering commands that is not compliant with the above condition
This contribution captures our views on the use case of subband- and/or RI-constrained CSI processes in periodic feedback mode.
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.
2. Need of RI reference process Scenarios
We use the following figure and example to illustrate the use case of RI-constrained process.
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Figure 1. Use case examples

· Without loss of generality, assuming the actual transmission is from one TP (say TP1 in the example)

· Two CSI processes are configured: 

· Proc#1 with TP1 ON and TP2 OFF to reflect hypothetical interference condition of TP1 transmitting and TP2 muting. 

· Proc #2 with TP1 ON and TP2 OFF to reflect the condition of TP2 not muting 

· Either wideband (WB) feedback or UE selected subband (SB) feedback can be configured (left and right column)

· WB feedback can be PUCCH 1-1 for example, where WB RI/PMI/CQI are fed back 

· SB feedback can be PUCCH 2-1 for example, where RI/PTI is reported for WB, WB PMI and CQI is also fed back. SB PMI/CQI will be fed back on each UE-selected subband. Note that the SB selected in the two CSI processes can be independent with or without any RI constraint. 

Operational scenarios:

1. Case #1 where the TB is allocated to subbands that are all under the same interference condition, i.e., TP2 OFF. In this case, the RI/CQI/PMI from CSI proc#1 perfectly reflects the actual channel condition.

2. Case #2 where the TB is allocated to subbands that are all under the same interference condition, i.e., TP2 ON. In this case, the RI/CQI/PMI from CSI proc#2 perfectly reflects the actual channel condition.

3. Case #3 where the TB is allocated to subbands that are under different interference condition. In this case, same RI is desired in order for the eNB to derive the MCS for the TB under a single RI.

Our general observations on RI reference are:

· Case #1 & #2 should be the preferred operation most of the time because RI/PMI/CQI, as well as SB selection if configured to report, best matches UE’s receiver processing.  For case #1 & #2, it is preferred to have independent RI decision for the two CSI processes 

Proposal #1: A typical and also preferred operation is to use the PMI/CQI recommended by a single CSI process, instead of PMI/CQI from different CSI processes even if same RI is enforced. 

Case #3 is not a preferred operation scenario. In case #3, even with RI constraint, it is still important to use the subbands and their associated PMI/CQI in the same interference condition as assumed for recommending the PMI/CQI and SB-selection.  We look at the example of IRC receiver that has interference suppression capability. When UE makes the PMI/CQI recommendation, it models the IRC performance gain to report an improved CQI. But if the actual interference is not what the UE assumes, the PMI/CQI mismatch can be significant. For example in CSI Proc#2, the PMI/CQI is derived based on the condition of TP2 ON and will not be accurate if the eNB intends to have TP2 OFF in actual transmission on those SBs, even if the RI is constrained to be the same.  

Proposal #2: Even with RI constraint, it is still important to use the subbands and their associated PMI/CQI in the same interference condition as assumed for recommending the PMI/CQI and subband selection. 

We now look at the case for RI reference process with UE selected subbands. In the case of UE-selected feedback (e.g., PUCCH 2-1, PUSCH 2-2), UE chooses the SB based on not only the frequency-selective channel, but also the freq-selective interference. Hence again, it is important to use the subband in the same interference condition as assumed. That means that it may be fine if the eNB to choose only from the SB recommendation of Proc #1 and SBs from the SB recommendation of Proc#2 under difference interference condition (referring to case #3 in the figure). But it seems to be quite a limitation if only the recommended SBs can be used, which could make the use case of case #3 even smaller. 

RI reference for UE-selected subband feedback has limited use case, compared to RI reference under wideband or high-layer configured subband feedback. WB feedback, like PUSCH 1-2 (WB CQI/RI and SB PMI), seems to most useful in case #3, because for whichever the subbands that eNB wants to use it always have two PMI/CQIs under different interference condition. RI-reference process is already supported for aperiodic feedback modes, including PUSCH 1-2, 2-2, and 3-1. PUSCH 3-1 may be particularly useful since UE feeds back WB PMI/CQI and SB CQI for a higher-layer configured set of SBs. The eNB will not be limited to the UE-selected subbands. Moreover, for the set of SBs that eNB is most likely to use, it has two CQIs for those SBs under different interference condition. Therefore, in light of PUSCH 3-1 that could be configured as RI constrained process, we don’t think it is necessary to define RI-constrained feedback for PUCCH 1-1 (WB RI/PMI/CQI).
Our further proposal is hence:

Proposal #3: RI reference is unnecessary for either PUCCH 1-1 or 2-1, considering that all the aperiodic feedback modes can be configured with RI reference (especially the more flexible PUSCH 3-1 mode). 

3. Impact of RI reference on periodic feedback  

If constrained CSI process is introduced in Rel-11, we would like to see minimal impact to the feedback mode and format. For the typical 2-Rx UEs, there is only one bit for RI report which is for the entire bandwidth or the set of selected subbands. So there is not much gain to save that one bit for at least for PUSCH. For PUCCH, RI is carried in format 3, 5 and 6.  We discuss below the collision between PUCCH reporting types from different “CSI processes”, with same or different priority.

We start with the dropping rule defined for CA. 
· For PUCCH reporting type of different priority, i.e., collision between PUCCH reporting type 3, 5, 6, or 2a with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4, the latter CSI report with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. 
In case of collisions between different PUCCH reporting types with same priority, it is reasonable to drop the report of constrained process. But with report of different type, let us look at a simple change first, i.e., the rank-constrained process will always have lower priority during collision regardless of the same or different reporting types because the rank information of the constrained process are redundant. This means that when the rank-constrained process is in reporting type 3/5/6/2a and the reference process in types of lower priority (1, 1a, 2, 2b, 2c, or 4), the former types of the constrained process are dropped even though these reports have higher priority. It only appears reasonable for type-3 report. However, type 5 has RI and WB PMI, type 6 has RI and PTI, type 2a has WB PMI. So dropping type 5/6/2a of the RI-constrained process and instead sending type 1, 1a, 2, 2b, 2c, or 4 of the RI-reference process is not reasonable. Hence the above simple medication of the dropping rule is not appropriate and we need to define new dropping rule, for example to differentiate the case of type-3 and other types that has both RI and other information. 
Proposal #4: New report dropping rule needs to be defined in the case of RI-reference process for periodic process, which may not be easy to reach consensus in Rel-11 time frame. 
4. Subband and PMI reference process   

In the last meeting, there is still no consensus to introduce subband and PMI reference process. We only see the use case of subband reference process for JT. In this case, the two configured CSI processes are not the two CSI processes discussed previously in Figure 1. Instead, the two configured process will be from two different TPs under the same blanking hypothesis.

The relevant JT schemes perhaps are:

· Rank-1: The same data stream is sent from all TPs (up to three) using the PMI (rank-1) reported for each TP

· Rank-2: Three options are possible

1. The same signals corresponding to two data streams are sent from all TPs (up to three) using the PMI (rank-2 constraint for all TPs) reported for each TP

2. TPs just transmit one or two streams according to RI feedback for each TP (no rank constraint in this case) . At least one TP transmits rank-2.

3. Two different streams are sent from two TPs respectively using the PMI (rank-1) reported for each TP. The third TP (if used) may transmit one of the two streams.

Observations:

· For JT, having the same subband is helpful. Additional same-RI constraint may or may not be needed depending on the rank-2 JT transmission schemes. 
· In all possible JT schemes, the biggest problem is that the per-TP CQI will not match that after JT, even if subband selection is constrained to be the same (with or without additionally same-RI constraint). A joint CQI seems to be more critical for JT than just introducing rank or subband constraint.

· Moreover, the subband selection might be better based on a joint optimization under same-subband constraint, instead of heuristically using a particular process as the subband reference process. The best subbands should better be selected based on JT assumption. 

· If subband reference process is introduced, the handling of report collision in periodic feedback can be too complicated to complete in R11 time frame.

Proposal #5: No need to introduce subband and PMI reference process in Rel-12. Defining subband reference might be needed for JT. But a more optimized support of JT is to be deferred to Rel-12. A joint CQI seems to be more critical for JT than just introducing rank or subband constraint. 
5. Conclusion 
This contribution captures our views on the use case of RI constrained CSI process in periodic feedback. Our proposals are:

Proposal #1: A typical and also preferred operation is to use the PMI/CQI recommended by a single CSI process, instead of PMI/CQI from different CSI processes even if same RI is enforced. 

Proposal #2: Even with RI constraint, it is still important to use the subbands and their associated PMI/CQI in the same interference condition as assumed for recommending the PMI/CQI and subband selection. 

Proposal #3: RI reference is unnecessary for either PUCCH 1-1 or 2-1, considering that all the aperiodic feedback modes can be configured with RI reference (especially the more flexible PUSCH 3-1 mode). 

Proposal #4: New report dropping rule needs to be defined in the case of RI-reference process for periodic process, which may not be easy to reach consensus in Rel-11 time frame. 
Proposal #5: No need to introduce subband and PMI reference process in Rel-12. Defining subband reference might be needed for JT. But a more optimized support of JT is to be deferred to Rel-12. A joint CQI seems to be more critical for JT than just introducing rank or subband constraint. 
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