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1 Introduction

Before RAN1 #88 meeting, some remaining issues need to be further addressed: 
· [RAN1 #86bis] For DCI signaling to trigger one out of N configurations, 3 alternatives are identified: 
· Alt1 Reuse A-CSI request field and add more bit(s) if necessary

· Alt2 Reuse CS field

· Alt3 Add ceil(log2(N))-bit or 2-bit DCI field

· [RAN1 #86bis] For Class B NZP CSI-RS density reduction: 
· Support CSI-RS density of d∈ {1,1/2} RE/RB/port

· Additional values of d=1/3 and/or 1/8 are not precluded for Class B if significant benefit can be shown at RAN1 #87

· FFS the detailed signalling design

· [RAN1 #86] For aperiodic CSI-RS: 

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

In this contribution, the remaining issues above are further discussed. Based on the discussion, we will provide our views on these open issues.

2 DCI signaling design
In aperiodic CSI-RS, UL grant DCI signaling is used to select one out of N activated CSI-RS resources. Three alternatives for DCI signaling design were identified in the last meeting. 
· Alt. 1 Reuse A-CSI request field and add more bit(s) if necessary
· Alt. 2 Reuse CS field

· Alt. 3 Add ceil(log2(N))-bit or 2-bit DCI field

Alt. 1 attempts to trigger a CSI report and indicate the selected CSI-RS resource via CSI request field. When K=1 or N=1, CSI report is corresponding to only one RRC configured CSI-RS resource. There is no need to introduce additional bit to indicate the selection of CSI-RS resource. When N>1, 2 bits need to be added to CSI request field. Each state of CSI request field corresponds to a set of combination of CSI process and CSI-RS resource. 
Alt. 2 proposes to reuse Cyclic Shift field in format 0/4. Each code point in CS field should additionally indicate one out of N activated CSI-RS resources. 

Alt. 3 proposes a simple way by introducing a new field in DCI. With ‘add ceil(log2(N)) bits’, the newly introduced field can be used quite efficiently. For N=1, the legacy CSI request field can be reused. 

One issue in Alt. 2 and 3 is that cross-carrier aperiodic CSI-RS selection cannot be supported efficiently, since the same CSI-RS index will be selected for a group of processes. Considering that the number of activated CSI-RS resources is configured per process, it is inefficient to use same field to select CSI-RS resources for different processes since different processes may have different number of activated CSI-RS resources. As comparison, Alt. 1 has higher flexibility as eNB has the freedom to determine the combination of CSI process and CSI-RS resource for each CSI request state. 
So we propose: 
Proposal 1: When K = 1 or N = 1, the existing CSI request field can be reused. Otherwise, additional 2 bits are added to CSI request field to indicate the combination of CSI-RS resource and process(es).
For Alt. 2, no more bits are needed. However, there are still some concerns. Since PHICH resource allocation depends on CS index and starting RB index of PUSCH, the bundling of CS value and CSI-RS indication may reduce the flexibility in CSI-RS selection. To alleviate this restriction, a large number of PHICH resources have to be configured even a small number of UEs are activated. In addition, RPF=2 will be introduced into UL DMRS, which is indicated by CS field as well. Considering that CS, OCC and RPF are all informed through CS field, additional CSI-RS indication will leads to further undesirable restriction. Hence, this alternative is not preferred. 
Although extra field in DCI will impact the DCI decoding performance for Alt. 3, this alternative is straightforward and simple in specification. Especially for ‘Add ceil(log2(N)) bits’, it provides high efficiency. Therefore, we take solution of ‘Add ceil(log2(N))-bit’ in Alt. 3 as our second preference. 
Proposal 2: If Alt.3 is selected, support adding ceil (log2(N)) bits in DCI. 
3 CSI relaxation for aperiodic CSI-RS 
Aperiodic CSI-RS scheme may impact CSI processing behavior since CSI-RS transmission and corresponding DCI are always in the same subframe. UE cannot initiate CSI calculation until PDCCH is detected. The concern was raised regarding to the time budget left for CSI derivation. If this issue is really serious, it needs extra time between aperiodic CSI-RS triggering and associated CSI reporting to relax CSI derivation. For example, once aperiodic CSI-RS is triggered in subframe n, CSI can be reported in subframe n+k+1, i.e. addition 1ms delay is introduced. 
UE may be required to calculate CSI based on different selected aperiodic CSI-RS resources in multiple consecutive subframes. In Rel-13, the UE on reception of an A-CSI trigger is not expected to update CSI reports for more than a certain number of CSI processes. The number is determined by the maximum number of CSI processes supported by the UE for the serving cell and the number of unreported CSI processes [2]. If UE is configured with aperiodic CSI-RS in one CSI process for a serving cell, UE is still not expected to update CSI for more than a certain number of CSI processes. The number of aperiodic CSI reports can be the same as that defined in Rel-13 A-CSI report. 
So we propose: 
Proposal 3: Introduce extra 1ms between aperiodic CSI-RS triggering and CSI reporting if time budget of CSI derivation is challenged for aperiodic CSI-RS. The maximum number of CSI processes supported by the UE can be identical for periodic and aperiodic CSI-RS.
4 Density reduction for Class B
Densities of 1 and 1/2 are already supported for class B CSI-RS. Additional values of d=1/3 and/or 1/8 should be considered for Class B. In our view, allowing low density value can support more Class B CSI-RS transmission, which benefits more for cells with relative large number of activated UEs. With that, UE has more chance to be assigned Class B CSI-RS, and the CSI can be reported more frequently. 
Main concern in supporting d = 1/3 or 1/8 is channel estimation accuracy based on low density CSI-RS. To address this concern, decimated CSI-RS can be transmitted at different PRBs in adjacent periodic subframes. Decimated CSI-RS resource in adjacent periodic subframes still has the same d but with different comb offsets, such that denser CSI-RS in frequency domain can improve channel estimation. An example is shown in Figure 1, CSI-RS is sent every 5 ms with d = 1/3, comb offsets is different between subframe n+1 and n+6. UE can derive more accurate channel information by combining more than one subframe in CSI measurement. 
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Figure 1 An example for decimated CSI-RS transmission
Proposal 4: If d=1/3 or 1/8 is accepted, support comb offsets hopping between adjacent Class B CSI-RS transmission instances. 
5 Conclusions

In this contribution, details of aperiodic CSI-RS are discussed. Based on the discussion and above, we propose: 

Proposal 1: When K = 1 or N = 1, the existing CSI request field can be reused. Otherwise, additional 2 bits are added to CSI request field to indicate the combination of CSI-RS resource and process(es).

Proposal 2: If Alt.3 is selected, support adding ceil (log2(N)) bits in DCI. 
Proposal 3: Introduce extra 1ms between aperiodic CSI-RS triggering and CSI reporting if time budget of CSI derivation is challenged for aperiodic CSI-RS. The maximum number of CSI processes supported by the UE can be identical for periodic and aperiodic CSI-RS.
Proposal 4: If d=1/3 or 1/8 is accepted, support comb offsets hopping between adjacent Class B CSI-RS transmission instances. 
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