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Introduction
The following agreement on hybrid CSI was made in RAN1#85 [1]:
	Working assumption:
· Mechanism 1: Hybrid CSI is realized by with one CSI process, support at least CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type
· i1 is reported while CQI and i2 are not reported for the 1st eMIMO-Type (CLASS A)
· FFS: whether RI is reported for CLASS A 
· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1)
· At least one more mechanism is supported, to be discussed in RAN1#86. 


Five other candidate mechanisms were identified, among which is mechanism 2A:
	· Mechanism 2A: for hybrid CSI with one CSI process, support CLASS B with K≥1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, depending on the value of K
· K=1: CQI/RI are reported. In addition, i1 is reported for Rel.12 dual-stage codebooks 
· K>1: two options
· Option 1: CRI is reported
· Option 2: PMI/RI for each CSI-RS resource are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported



As hybrid CSI is targeted for 90-95% completion in this meeting [2], this contribution attempts to identify open issues and proposes solutions to meet this target completion rate. In particular, the following issues are identified:
1. Finalizing mechanism 1
2. Support of other mechanisms

Finalizing mechanism 1
Other than confirming the working assumption, the following issues need to be finalized for specification.
First, it should be decided whether there is some dependence in CSI calculation for the 2nd eMIMO-Type (CLASS B K=1) on some CSI parameters for the 1st eMIMO-Type (CLASS A) (such as RI(1) or i1) – or vice versa. Although it is possible to slightly reduce the total CSI reporting payload (1st and 2nd eMIMO-Type combined) by introducing some interdependency between the 1st and the 2nd eMIMO-Types, this will result in increased specification efforts. In addition, inter-dependency across reports –especially for PUCCH-based reporting – increases not only complexity, but also error propagation (see the companion contribution [3]). Such complications seem to outweigh the potential benefit of slight overhead reduction.
In addition, the 1st eMIMO-Type of CLASS A is primarily used to provide some long-term precoding information to the eNB so that the eNB can perform UE-specific long-term (and wideband) beamforming on CSI-RS. Once the UE measures the CSI-RS beamformed by the eNB, the UE can choose its recommended CSI parameters based on the 2nd eMIMO-Type of CLASS B. 
Therefore, we propose not to introduce any inter-dependency between the CSI calculations associated with the two eMIMO-Types. 
Second, if the CSI calculations associated with the two eMIMO-Types are not dependent on each other, RI reporting is needed for the 1st eMIMO-Type (termed RI(1)) except if RI(1) is set to a fixed value (=1 for instance) in all circumstances. In the companion contribution [4], three alternatives of RI(1) reporting are compared:
· Alt1. Full 2-bit/3-bit RI(1)
· Alt2. RI(1) is fixed to 1
· Alt3. 1-bit RI(1) where RI(1) = 1 or 3
It is shown in RI(1) that Alt3 performs very closely to Alt1 primarily because each W1 precoding matrix offers two orthogonal beams for RI(1) = 3. This is beneficial (over RI(1) = 1) when the channel instance allows higher-rank transmission. However, RI(1) = 2 and 4 are redundant for providing beams and beam groups.  
Furthermore, to reap the maximum benefit for mechanism 1, inter-dependency across different PUCCH-based reporting instances across two eMIMO-Types should be reduced whenever possible. Unfortunately, the current PUCCH-based P-CSI reporting mode 1-1 (for CLASS A) requires three subframes to complete one full CSI report (RI, i1, CQI+i2). A direct extension of this mode for mechanism 1implies that two reporting subframes are required for the 1st eMIMO-Type (to report RI(1) and i1 in two separate subframes) while only one reporting subframe is needed for the 2nd eMIMO-Type (to report CQI+i2). To further streamline PUCCH-based P-CSI reporting mode 1-1, it is proposed that RI(1) and i1 be reported together in one subframe (analogous to Rel.12 PUCCH-based P-CSI reporting mode 1-1 submode 1). In addition, to increase the reporting coverage, PUCCH format 3 can be used.     
Therefore, we propose to report a 1-bit RI(1) (where RI(1) = 1 or 3) together with i1 within one subframe for the 1st eMIMO-Type using PUCCH format 3. 
Third, PUSCH-based A-CSI reporting modes for hybrid CSI have not been discussed. Since the main purpose for the 1st eMIMO-Type is to provide only long-term precoding information to the eNB (for beamforming CSI-RS) and to reduce UE complexity by configuring the UE to measure a CSI-RS with smaller number of ports (≤8 ports, CLASS B for the 2nd eMIMO-Type), the eNB should be able to trigger an A-CSI report for each of the two eMIMO-Types.
Therefore, we propose to introduce a 1-bit eMIMO-Type indicator in the UL-related DCI to support separate A-CSI triggering of the 1st and the 2nd eMIMO-Type.    

Proposal: To finalize mechanism 1
· Confirm working assumption for supporting mechanism 1
· No inter-dependence between CSI calculations across two eMIMO-Types
· For the 1st eMIMO-Type of CLASS A, report i1 and reduced 1-bit RI (=1 or 3)
· For PUCCH-based CSI reporting, combine i1 and 1-bit RI into one report using PUCCH format 3
· Support A-CSI triggering of only one of the two eMIMO-Types 

Support of other mechanisms
Other than mechanism 1, we propose to support mechanism 2A –especially option 2 (in addition to option 1) with K>1 for the 1st eMIMO-Type. Option 2 of mechanism 2A facilitates the so-called “partial-port” CSI-RS without any CSI-RS enhancement. Here, a CSI report associated with a P-port CSI-RS is effectively decomposed into K parts, each associated with  ports. Therefore, computational burden per subframe at the UE is reduced due to partitioning. Two important use cases are as follows:
1. Case 1 – V-H reporting (, ): This is illustrated in Figure 2. From eNB perspective, the first 4-port resource is associated with the vertical (or the first) dimension while the second 8-port resource with the horizontal (the second) dimension – see also a companion contributions [4][5] for some system-level simulation results. The UE is then configured to report a CSI for each of the two CSI-RS resources. From UE perspective, the UE reports two different/independent CSI feedbacks – one associated with 4 ports (based on a 4-port ULA codebook), the other 8 ports (based on an 8-port dual-polarized codebook). The advantages of this approach are:
· This scheme allows the eNB to offer a non-CLASS A-capable UE (capable of measuring at most 8-port CSI-RS) the same amount of user throughput as a CLASS A-capable UE (capable of measuring at most 32-port CSI-RS) (see results in [4][5]). Applied to sufficiently large number of UEs, this can boost the network performance. This is crucial since the support of CLASS A-capable Rel.13/14 FD-MIMO UEs may be rare during the initial phase of FD-MIMO commercialization. That is, most FD-MIMO capable UEs will support CLASS B (most likely with a small value of K) without CLASS A capability. 
· Reduction of computational burden at the UE
· Partitioning CSI reporting overhead into 2 parts while reducing the payload of each CSI report (since CQI is not reported)
2. Case 2 – CSI report partitioning (): This is illustrated in Figure 1 and especially relevant for explicit channel feedback. This is conditioned on whether explicit feedback is specified for Rel.14 eFD-MIMO. Nevertheless, the advantage of this approach is two-fold:
· Reduction of computational burden at the UE
· Partitioning CSI reporting overhead into K parts.


[bookmark: _Ref447062022]Figure 1 Case 1


[bookmark: _Ref458696812]Figure 2 Case 2

If explicit channel feedback is not supported in Rel.14 eFD-MIMO, supporting mechanism 2A option 2 for K=2 should be sufficient. In this case, the use case explained in Case 2 may not be applicable. 
For Case 1, since the 1st eMIMO-Type is intended for a two-step virtualization/long-term beamforming of CSI-RS, CQI is not needed. In addition, it is demonstrated in [4][5] that setting RI to a fixed value of 1 in each of the two PMI reports is sufficient. Therefore, it is proposed that only PMI is reported (assuming RI=1) for each of the two CSI reports associated with the 1st eMIMO-Type.
Regarding PUSCH-based A-CSI reporting, following the proposal for mechanism 1, the eNB should be able to trigger an A-CSI report for each of the two eMIMO-Types. Furthermore, since the first eMIMO-Type consists of K PMI reports, to avoid further partitioning of A-CSI reporting (which is unnecessary), it is proposed that when A-CSI report is triggered for the 1st eMIMO-Type, all the K PMIs are reported together. 
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Proposal: Support mechanism 2A especially option 2 (in addition to option 1) with K>1 for the 1st eMIMO-Type
· Without specification support of explicit feedback in Rel.14 eFD-MIMO, support only K=2 for option 2
· No inter-dependence between CSI calculations across two eMIMO-Types 
· Only report PMI (no CQI and RI, RI=1) for each of the K CSI reports associated with the 1st eMIMO-Type 
· Support A-CSI triggering of only one of the two eMIMO-Types
· The K PMIs associated with the 1st eMIMO-Type are reported together

[bookmark: _Ref446598642]Conclusions
This contribution addresses issues which need to be resolved to complete the specification of hybrid CSI enhancements. Our proposal can be summarized as follows:
· To finalize mechanism 1
· Confirm working assumption for supporting mechanism 1
· No inter-dependence between CSI calculations across two eMIMO-Types 
· For the 1st eMIMO-Type of CLASS A, report i1 and reduced 1-bit RI (=1 or 3)
· For PUCCH-based CSI reporting, combine i1 and 1-bit RI into one report using PUCCH format 3
· Support A-CSI triggering of only one of the two eMIMO-Types 
· Support mechanism 2A especially option 2 (in addition to option 1) with K>1 for the 1st eMIMO-Type
· Without specification support of explicit feedback in Rel.14 eFD-MIMO, support only K=2 for option 2
· No inter-dependence between CSI calculations across two eMIMO-Types 
· Only report PMI (no CQI and RI, RI=1) for each of the K CSI reports associated with the 1st eMIMO-Type
· Support A-CSI triggering of only one of the two eMIMO-Types
· The K PMIs associated with the 1st eMIMO-Type are reported together
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