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1 Introduction
In 3GPP RAN1#88, lots of agreements were made for enhancements on beamformed CSI-RS for eFD-MIMO [1]:
Agreement:
· For PDSCH rate matching, 2-bit aperiodic ZP CSI-RS resource signaling field is introduced in DL-related DCIs for all TMs. 

· AP ZP CSIRS resource configuration is defined without subframe_config

· UE conducts PDSCH rate matching on AP ZP CSIRS at the subframe when the DCI is signaled.

· AP ZP CSI-RS resource signaling field descriptions are

· State ‘0’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘1’:  The 2nd RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘2’:  The 3rd  RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘3’:  The 4th  RRC-configured AP ZP CSIRS is indicated to be applied.

· This applies only to the DCIs used for non-fallback mode

Working Assumption:

Working Assumption will be confirmed in RAN1#88 if benefit is confirmed compared to using periodic NZP CSI-RS and significant problems are not identified. 

· In TM10, activation/deactivation of an NZP CSI-RS with subframe_config can be configured with UEs configured with QCL Type B, where

· NZP CSI-RS configured for activation/deactivation can be indicated in PQI for QCL purposes, and follow legacy QCL assumption. 

· UE does not expect to receive PQI indication before receiving Ω (>1) activated NZP CSI-RSs from an NZP CSIRS activation. FFS on Ω

· UE does not expect that a PQI indication is received which indicates a deactivated NZP CSI-RS. FFS the spec impact.

· Note: NZP CSI-RS not configured for activation/deactivation can also be indicated for QCL purpose.

In this contribution, we further discuss the remaining issues for beamformed CSI-RS, including the DCI signaling for aperiodic CSI-RS resource selection, Ω for QCL indication and support for higher overhead reduction factor as well as CSI relaxation for aperiodic CSI-RS.

2 Discussion
Aperiodic CSI-RS selection by DCI
For aperiodic CSI-RS selection, three alternatives were proposed in last RAN1 meeting. According to [86b-12] email discussion it was agreed to down-selection from three alternatives in RAN1#87. 

· Alt1. Reuse A-CSI request field and add more bit(s) if necessary
· Alt2. Reuse CS field
· Alt3. Introduce a new DCI field with X additional bits
For these alternatives, Alt. 2 has a benefit to maintain the existing DCI overhead, but same as Alt. 3 it cannot efficiently support cross-carrier aperiodic CSI-RS selection since it is assumed that the same aperiodic CSI-RS index is selected for all the serving cells with aperiodic CSI-RS. This constraint is unnecessary. The usage of the same aperiodic CSI-RS resource index for all the CCs will limit the benefits of aperiodic CSI-RS and potentially increase the collision probability. 

Alt. 1 could improve this by higher layer configuring the association of CSI-RS resource selection and triggering state. It is based on the extension of Rel-13 principle for CSI subframe set selection for CSI reporting. It shall be noted that Alt. 1 can fallback to Alt. 2 and 3, e.g., allowing to use the same resource index for all the CCs via proper configuration of the association table. The additional DCI overhead is same as Alt. 3.  

Proposal 1: Use A-CSI request field for aperiodic CSI-RS resource selection. Two additional bits are added to UL DCI mapped to UE specific search space given by CRNTI.

Ω for QCL indication
For QCL with aperiodic and multi-slot NZP CSI-RS, the remaining issue is the value of Ω, e.g., the minimum delay between the activation of a NZP CSI-RS and the associated PDSCH transmission. In principle, if eNB configures multi-shot NZP-CSI-RS, eNB can start PDSCH transmission after it gets CSI feedback from UE. However, there would be some DM-RS channel estimation performance degradation due to one NZP-CSI-RS observation. Although the degradation is not completely catastrophic and might disappear quickly with additional observation of NZP-CSI-RS, eNB shall consider conservative MCS selection in a few initial PDSCH scheduling to account for transient DM-RS performance degradation. 
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Figure 1. NZP-CSI-RS and PDSCH transmission timeline with multi-shot NZP-CSI-RS

Proposal 2: When the use of multi-shot NZP-CSI-RS is associated with QCL type B operation, eNB shall consider conservative MCS selection in a few initial PDSCH scheduling after the first NZP-CSI-RS transmission to account for transient DM-RS performance degradation.

Additional density value

It has been agreed that the Class B NZP CSI-RS will support a CSI-RS density of d ∈ {1, 1/2} RE/RB/port, and one question is whether additional density values of d=1/3 and/or 1/8 is needed or not. It is noted that the overhead reduction for BF NZP CSI-RS can be achieved by aperiodic CSI-RS transmission based on resource pooling. The performance benefit from the density reduction is not clear. On the other hand, considering the Class A NZP CSI-RS also supports a reduced density of d=1/3, it seems no strong reason to exclude the density of 1/3 for Class B NZP CSI-RS. At least in hybrid CSI-RS configuration, both Class A and Class B CSI-RSs can be operating in the same PRBs with a set of 1/d PRBs. Further reduction of the density to 1/8 is not needed.  
Proposal 3: For Class B NZP CSI-RS, a CSI-RS density value of 1/3 can be considered in addition to CSI-RS density values of 1 and 1/2.

CSI relaxation for aperiodic CSI-RS

In RAN1#86, it was agreed to discuss further whether and how to support CSI processing relaxation for aperiodic CSI-RS. In [2], the needs for supporting CSI relaxation for aperiodic CSI-RS were discussed. The main concern is the increase of CSI processing complexity since aperiodic CSI-RS can be presented in every DL subframe, especially when aperiodic CSI-RS is configured in multiple DL component carriers. In order to support joint operation of aperiodic CSI-RS and eCA, it is preferred to support CSI relaxation for aperiodic CSI-RS to alleviate CSI measurement and computation complexity.
Agreement in RAN1#86:

· Whether and, if needed, how to support CSI processing relaxation for aperiodic CSI-RS are TBD

There could be different ways to relax CSI processing for aperiodic CSI-RS. One design alternative is to have restriction on minimum time interval between two consecutive aperiodic CSI-RS transmission. For example, UE is not expected to receive more than 2 aperiodic CSI-RS in every 5ms periodicity. In other words, aperiodic CSI-RS is transmitted with a periodic way but with dynamic subframe offset. In such case, the CSI measurement complexity for aperiodic CSI-RS is similar to periodic CSI-RS with 5ms periodicity, e.g., calculating one CSI per 5ms. However, this approach may add some restrictions on the eNB to trigger the transmission of aperiodic CSI-RS. Therefore, an improved solution is to allow aperiodic CSI-RS presented in every DL subframe but not require UE to update the CSI when receiving aperiodic CSI-RS more than once in a 5ms time interval. In case of receiving multiple aperiodic CSI-RS UE can report a fixed value of out-of-range to indicate that CSI is not updated in the aperiodic CSI reporting. 

It is noted that Alt. 1 does not consider UE capability for multiple CSI process reporting. If UE can support CSI reporting for multiple CSI processes but is configured with only one serving cell, the UE shall be able to measure and calculate the CSI for more than one aperiodic CSI-RS per 5ms time interval. Therefore, the existing CSI relaxation for multiple CSI processes can be reused for single CSI process configured with aperiodic CSI-RS. As shown in Figure 2, assuming UE capable of 3 CSI processes reporting, for aperiodic CSI-RS received in subframe #0, #1 and #2, UE can calculate and report accurate CSI based on the latest received aperiodic CSI-RS, and for aperiodic CSI-RS in subframe #3, the UE will report a fixed value of out-of-range since the number of unreported CSI in subframe #3 exceeds UE’s capability of maximum number of CSI reporting.
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Figure 2: CSI relaxation for aperiodic CSI-RS for UE capable of multiple CSI processes
The other alternative for CSI relaxation is to have different UE’s capability for the maximum number of CSI processes for one CSI triggering for A-CSI reporting. It is noted that the current capability signaling for maximum number of fresh CSI processes for A-CSI reporting is only for periodic CSI-RS. If aperiodic CSI-RS is supported it cannot be expected that UE could support the same number of CSI processes for one CSI triggering since CSI measurement complexity for aperiodic CSI-RS is significantly higher than that of periodic CSI-RS. Therefore, it is preferable to have a different UE capability for the supported maximum number of CSI processes for one A-CSI triggering. It is different from the approach to limit Nmax value based on the number of configured serving cells for which using the same Nmax values for single serving cell and multiple serving cells may not be possible.
Proposal 4: Support at least one of the following alternatives for CSI relaxation for aperiodic CSI-RS
· Alt. 1: UE can report a fixed value of out-of-range in case receiving multiple aperiodic CSI-RS in consecutive subframes

· Alt. 2: Allow UE to report a different capability for the maximum number of CSI processes for one CSI trigger for A-CSI reporting
3 Conclusions
In summary, we discuss the remaining issues for Class B NZP CSI-RS. We make the following proposals:

Proposal 1: Use A-CSI request field for aperiodic CSI-RS resource selection. Two additional bits are added to UL DCI mapped to UE specific search space given by CRNTI.

Proposal 2: When the use of multi-shot NZP-CSI-RS is associated with QCL type B operation, eNB shall consider conservative MCS selection in a few initial PDSCH scheduling after the first NZP-CSI-RS transmission to account for transient DM-RS performance degradation.

Proposal 3: For Class B NZP CSI-RS, a CSI-RS density value of 1/3 can be considered in addition to CSI-RS density values of 1 and 1/2.

Proposal 4: Support at least one of the following alternatives for CSI relaxation for aperiodic CSI-RS

· Alt. 1: UE can report a fixed value of out-of-range in case receiving multiple aperiodic CSI-RS in consecutive subframes

· Alt. 2: Allow UE to report a different capability for the maximum number of CSI processes for one CSI trigger for A-CSI reporting
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