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1. Introduction
This contribution captures our views on the use case of subband- and/or RI-constrained CSI processes (constrained to that of a “reference” CSI process) that was proposed in [1], as well as our understanding of the configuration of constrained process  if such process is to be introduced in Rel-11.
· A RI-reference-process can be configured for a CSI process

· PMI/CQI of the process is calculated conditioned on the RI of its RI-reference-process ,if configured, that is reported in the same or the most recent preceding subframe 

· A subband-reference-process can be configured for a CSI process

· Subband CQI of the process reflecting transmission over the same subband as indicated for the subband-reference-process of the same bandwidth part, that is reported in the same or the most recent preceding subframe 
The above proposal applies to both period and aperiodic feedback mode. 
2. Scenarios
2.1. DPS/DPB

For DPS and DPB, since the transmission is from a single transmission point (TP), CSI for different TPs should be determined independently in normal operation, including the case when an eNB configures two CSI processes for the same TP but under different interference hypotheses, e.g., one under DPB and one without neighbor TP muting. Since the channel and the interference can be frequency selective, different RI, PMI, CQI, and UE-selected subbands are expected. One may think that the PMI for the same TP but with different interference hypothesis might be the same. But it may not be the case with frequency-selective interference or if we consider receiver with interference suppression capability. 
The scenario of frequency-selective DPB was mentioned in [2] where an eNB choose send a transport block (TB) across a set of subbands with neighbor point blanking and also another set of subbands without blanking. Two CSI processes, one under DPB and one under DPS (i.e., without muting) are configured. In order for the eNB to determine the MCS of the transmitted TB, it will need to convert reported subbands CQI to SINRs which will be further used to derive a single MCS for the TB. We assume the eNB knows which subbands to pick (more discussion later). MCSs for two TBs will need to be determined for rank-2 transmission, desirably based on two CQIs reported for each allocated subband also under rank-2 hypothesis. The proposal in [2] is to introduce RI dependency between the two CSI process so that CQI of two processes for each allocated subbands are either all rank-1 or 2. In the case where only wideband CQI is reported, the eNB will just use wideband CQI from both CSI processes to do the MCS prediction, instead of subband CQIs. 
Instead of using only subbands selected under the assumption of either all blanking or all non-blanking, and the RI/PMI/CQI for those UE-selected subbands, the eNB chooses to use a mixture of subbands. The following problems/questions arise:

· How does the eNB select which subbands to use? Especially if the UE-select bandbands are only valid under an interference hypothesis but the eNB chooses to use that subbands under a different interference condition.  

· How accurate is the CQI conversion/prediction (to one MCS per TB) when using a set of “mixed” subbands? Even though CQIs are derived under the same RI but still with very different interference (blanking or not). At least Performance can be studied to compare to the case of using subbands of similar interference characteristics in which case the reported CQI matches the actual transmission. 

· How accurate is CQI conversion/prediction under advanced IC-capable receivers (i.e., IRC for rank-1 and non-linear SIC receiver for rank-2 SU-MIMO)? 

If the eNB must use a mixture of subbands in DPS/DPB, common RI is helpful. Will common subband also be needed? We think both the reference and constrained processes can still be given the flexibility to select their own subbands when if the RI is made the same. What it means is that if the eNB choose to use a subband that was chosen under blanking hypothesis, it should make sure of blanking in actual transmission. On the other hand, if the eNB foresees a subband recommended under blanking is used without blanking or vice versa, the eNB needs to have two sets of CQIs on the same set of subbands. Hence both RI and subband constraints are needed. However, the use of subbands recommended under blanking for transmission without blanking (or vice versa) can be very risky. Hence, we think eNB should avoid using subbands recommended under different interference hypothesis than the actual interference scenario. Under that principle, independent subband selection for the two CSI processes is still preferred.

Observations:

· If an eNB has to use subbands with drastically different interference characteristics (e.g., with neighbor cell blanking or not), it can benefit from CQIs reported under the same RI. But eNB should avoid using subbands recommended under different interference hypothesis in the first place, because the RI and CQI derived at the UE also better match the actual link quality.
· Even two CSI processes are constrained to have a single RI (i.e., that recommended by a reference process), eNB should still use a subband in the same condition as when the selection of that particular subband and its corresponding PMI & CQI are derived.
If the scenario of “mixed’ subband allocation is indeed commonly encountered, the problem is a constrained optimization problem, i.e., the UE should derive a common RI based on which different subband PMI/CQI can be computed. But the proposal is to define a reference “unconstrained” CSI process and make the other CSI process to compute PMI/CQI based on the RI derived in the unconstrained process. Compared with the optimization approach under common-RI constraint, the proposal may simplify the UE implementation since the RI is simply determined by the reference process without any constraint. But a few questions that need to be further studied are:

1. How does the eNB determine the reference process?

2. Whether the RI of the reference process can represent the optimal RI derived by UE based on common-RI constraint? Performance comparison?
Proposal #1: It is better for eNB to avoid using subbands recommended under different interference hypothesis in the first place for DPS/DPB, so that the actual link can be truthfully represented by the UE-recommended RI, PMI, CQI, and selected subbands. Independent and unconstrained CSI process should be configured in normal operation. 
2.2. JT

For JT, having the same subband is of course helpful. In this case, the two configured CSI processes are not the two CSI processes discussed previously which are from the same TP but with blanking and no blanking. Instead, the two configured process will be from two different TPs under the same blanking hypothesis (i.e., at least muting from the other TP in the 2-TP example).

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. 

Proposal #2: For JT, having the same subband is helpful. But a more optimized support of JT is better suited for Rel-12. For example, a joint CQI seems to be more critical for JT than just introducing rank or subband constraint. Also, 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. 
3. Configuration of reference and constrained CSI process
If constrained CSI process is introduced in Rel-11, any constrained process should be counted toward the total limit of “X” (3 or 4) CSI process because the CQI/PMI computation will be different from normal behavior. 

In addition, a typical configuration may follow these rules:
· RRC configuration of up to 3 or 4 CSI processes.

· A constrained CSI process, if configured, should have only one reference process.

· When there is no rank or subband “reference” field included in the RRC message, the CSI process is considered as an unconstrained process. Otherwise it is a constrained CSI process with the rank and/or subband follows that of a reference process which cannot be a constrained process itself and still determines all CSI recommendations independently. 

· A constrained CSI process can only have the same or shorter life span compared to that of its reference process, which means:

· The constrained process can be configured in the same RRC_reconfig message as the reference process configuration.  At least that will ensure the constrained process will not be established earlier than the it reference process in case of the message is successfully decoded with retransmission.

· Alternatively, the constrained process can be configured after the reference process is confirmed in effect.
· If the reference process terminates, the constrained process also terminates.
Proposal #3: If constrained CSI process has to be introduced in Rel-11, it is important to make sure that a constrained CSI process can only have the same or shorter life span compared to that of its reference process, which means the status of RRC configuration to establish or terminate a constrained process must be unambiguously clear at both eNB and UE with respective to the status of its reference process.  




4. Impact on Feedback  

If constrained CSI process is introduced in Rel-11, we see the need of only rank- or subband-constrained CSI process. Both rank and subband constraint can be allowed only if the constraint comes from the same reference process.

· A rank-constrained process is applicable to all CSI feedback modes where a UE determined rank is included (i.e., PUSCH 1-2, 2-2, 3-1 and PUCCH 1-1 and 2-1).

· A subband-constrained process is applicable to all CSI feedback modes where a UE select subbands (i.e., PUSCH mode 2-0 and 2-2 and PUCCH mode 2-0 and 2-1)

Proposal #4: If constrained CSI process has to be introduced in Rel-11, only rank- or subband-constrained CSI process are needed. Both rank and subband constraint can be allowed only if they refer to the same reference process.
Even if constrained CSI process is introduced, we would like to see minimal impact to the feedback mode and format. 

Rank-constrained case
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 the constrained process, at least for PUSCH. For PUCCH, RI is carried in format 3, 5 and 6.  We investigate below a little bit of 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., for a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a with a CSI report of a different CSI process 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. We see these potential changes:

· The rank-constrained process will always have lower priority during collision regardless of the same or different reporting types. This means:

· In case of collisions between different PUCCH reporting types with same priority, the report of constrained process will be dropped. 
· When the rank-constrained process is in reporting type 3/5/6/2a and the reference process in types of lower priority, the former types are dropped instead even though they have higher priority, because the rank information of the constrained process are redundant. But we may need to think about type 2a of the rank-constrained process (wideband first PMI for 8-Tx) since it is also dropped in lieu of the reference process type 1,1a,2,2b,2c, or 4 reporting.

Subband-constrained case
Again we don’t think it is critical for PUSCH feedback to remove the redundant information of subband selection for the subband-constrained process. UE preferred M subband only takes up to 6/5 bits (in the case of 20/10MHz). 

For PUCCH, since subband selection is reported in format type 1 which has lower priority than type 3/5/6/2a, the subband-constrained process will still report RI and type-1 of the reference process will be dropped. Of course, if the subband-constrained process is also rank-constrained, the above rule change applies, i.e., RI of constrained process will be dropped and the subband selection of the reference process will be sent instead. 
Proposal #5: For PUSCH feedback, it is not critical to remove the redundant information of rank (typically 1 bit) and/or subband selection (maximal 6 bits) for the constrained process. 
Proposal #6: A rank-constrained process will always have lower priority during collision with its reference process regardless of the same or different reporting types.

Proposal #7: A subband-constrained process will have lower priority only for the same reporting types during collision with its reference process.

5. Conclusion 
This contribution captures our views on the use case and configuration of a subband and/or RI constrained CSI process (constrained by a “reference” CSI process) that was proposed in [1].

We have the following observations:

· If an eNB has to use subbands with drastically different interference characteristics (e.g., with neighbor cell blanking or not), it can benefit from CQIs reported under the same RI. But eNB should avoid using subbands recommended under different interference hypothesis in the first place, because the RI and CQI derived at the UE also better match the actual link quality.
· Even two CSI processes are constrained to have a single RI (i.e., that recommended by a reference process), eNB should still use a subband in the same condition as when the selection of that particular subband and its corresponding PMI & CQI are derived.
· 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. 

Our proposals are:

Proposal #1: It is better for eNB to avoid using subbands recommended under different interference hypothesis in the first place for DPS/DPB, so that the actual link can be truthfully represented by the UE-recommended RI, PMI, CQI, and selected subbands. Independent and unconstrained CSI process should be configured in normal operation. 

Proposal #2: For JT, having the same subband is helpful. But a more optimized support of JT is better suited for Rel-12. For example, a joint CQI seems to be more critical than just introducing rank or subband constraint. Also 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. 
Proposal #3: If constrained CSI process has to be introduced in Rel-11, it is important to make sure that a constrained CSI process can only have the same or shorter life span compared to that of its reference process, which means the status of RRC configuration to establish or terminate a constrained process must be unambiguously clear at both eNB and UE with respective to the status of its reference process.  





Proposal #4: If constrained CSI process has to be introduced in Rel-11, only rank- or subband-constrained CSI process are needed. Both rank and subband constraint can be allowed only if they refer to the same reference process.

Proposal #5: For PUSCH feedback, it is not critical to remove the redundant information of rank (typically 1 bit) and/or subband selection (maximal 6 bits) for the constrained process. 

Proposal #6: A rank-constrained process will always have lower priority during collision with its reference process regardless of the same or different reporting types.

Proposal #7: A subband-constrained process will have lower priority only for the same reporting types during collision with its reference process.
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