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1. Introduction
Full-dimension MIMO (FD-MIMO) enhancement (c.f. [1]) has the following objective: 

· Beamformed CSI-RS including specifying support for aperiodic CSI-RS 

Discussion on this topic in RAN1#84bis led to the following conclusions on aperiodic CSI-RS:
Agreements: 

· Until RAN1#85, down-selection/merge the following alternatives for reducing the overhead for beamformed CSI-RS, considering overhead reduction, performance, backward compatibility, UE implementation complexity:

· Alt.1: Aperiodic CSI-RS

· E.g., One-shot CSI-RS transmission with transmission on the same subframe as triggering subframe 

· Alt.2: Dynamic CSI-RS activation and/or deactivation

· E.g., One-shot or multi-shot CSI-RS transmission after the triggering subframe 

This contribution provides our views on this topic. 
2. Discussion

Alt-1 is a single-shot scheme where each UL grant triggers CSI-RS transmission in N = 1 subframe, and Alt-2 is a multi-shot  scheme where one UL grant enables or disables a series of CSI-RS transmission in N>1 subframes. The advantages of multi-shot CSI-RS over single-shot CSI-RS, as discussed in the last meeting, can be summarized in two aspects, 
· Advantage 1: relaxed CSI processing time.  

· It is claimed that single-shot CSI-RS adversely reduces UE processing timing budget for CSI calculation compared to Rel.13 baseline, while multi-shot CSI-RS alleviate such impacts.
· Advantage 2: lower control signaling overhead 
· It’s claimed that multi-shot CSI-RS reduces UL grant overhead, by triggering multiple CSI-RS subframes with one UL grant.
CSI processing timing budget
To understand the impact of one-shot aperiodic CSI-RS, it is necessary to examine the current CSI processing timing budget of Rel.13 UE. In Rel.13, CSI-RS may be in front of the UL grant, or in the same subframe as the UL grant. From CSI timing budget perspective, CSI-RS and UL grant in the same subframe is obviously the worst case scenario, and Rel.13 UEs already have to budget for such worst case scenario. Therefore, comparison should be made against the Rel.13 baseline where CSI and UL grant are in the same subframe.
There are two possible Rel.13 UE implementations: 

· Alt-1: Parallel processing
· UE starts calculating CSI and UL grant at the same time. UE calculates CSI irrespective if it detects an UL grant or not.
· If the triggering field in UL grant is set to 1, UE feeds back CSI. 
· If the triggering field in UL grant is set to 0, UE discards the CSI.

· Alt-2: Serial processing

· UE decodes UL grant first.
· If triggering field in UL grant is set to 0, UE does not calculate CSI.

· If triggering field in UL grant is set to 1, UE calculates CSI.

Both Rel.13 implementations can support single-shot CSI-RS, with no impact to CSI timing budget.
· Alt-1: parallel processing
· UE starts processing CSI and UL grant at the same time. Before UL grant is decoded, UE does not know whether CSI-RS is present or not; however UE would still calculate CSI based on the hypothetical CSI-RS RE locations configured by RRC. 
· If UE finds that aperiodic CSI-RS is present in this subframe after decoding UL grant, the calculated CSI is valid, and UE reports the CSI.
· If UE finds that aperiodic CSI-RS is not present in this subframe after decoding UL grant, the calculated CSI would be invalid because the CSI-RS REs are erroneous. However, there is no issue because CSI is not triggered anyway. The CSI can be simply discarded.
· Alt-2: serial processing

· UE decodes UL grant (PDCCH or EPDCCH) to determine if CSI-RS is present or not. 
· If UL grants indicate transmission of aperiodic CSI-RS, UE starts processing CSI based on the CSI-RS location. The CSI timing budget is exactly the same as Rel.13. 
From the above discussion, single-shot CSI-RS does not impact the processing timing budget for CSI calculation, compared to Rel.13 baseline. Hence, there is no clear benefit to introduce multi-shot CSI-RS, from CSI timing budget point of view.
UL grant overhead

It is a general view that aperiodic CSI-RS should only support aperiodic CSI, not periodic CSI feedback. For aperiodic CSI, each aperiodic CSI report is associated with a triggering UL grant anyway, so the same UL grant triggering CSI feedback can be reused for triggering CSI-RS transmission, without additional overhead. 
For multi-shot CSI-RS, although one UL grant triggers a series of CSI-RS subframe transmission, additional UL grants are still needed to trigger CSI feedback for any of the ensuing CSI-RS subframes. Hence, multi-shot CSI-RS does not save any control overhead than single-short CSI-RS. As a matter of fact, the control overhead of multi-shot CSI-RS is higher than single-shot CSI-RS, because CSI-RS triggering and CSI triggering require separate UL grants. Hence, single-shot CSI-RS has lower control overhead than multi-shot CSI-RS, from control overhead point of view. 
Proposal: Adopt single-shot CSI-RS.
3. CSI-RS configuration
For legacy periodic CSI-RS, CSI-RS configuration (e.g. RE mapping, number of ports) are semi-statically configured. For aperiodic CSI-RS, CSI-RS configuration signaling has two possibilities: 
· Alt-1: CSI-RS configuration is RRC configured, same as Rel.13.
· Cons: less flexibility in dynamic configuration of CSI-RS

· Pros:  no additional UL grant overhead. Simpler UE implementation. 
· Alt-2: CSI-RS configuration is dynamically signalled in the UL grant. 
· Cons: large control signaling overhead (e.g. potentially 6 bits).

· Pros:  flexibility in dynamic configuration of CSI-RS
Although aperiodic CSI-RS is motivated by reduced CSI-RS overhead and TDM multiplexing of UE-specific beamforming among different UEs, the motivation to have per-subframe adaptation of CSI-RS configuration should be further discussed. The beamforming weight on CSI-RS is anyway transparent to the UE and does not require any signaling. The eNB can change the beamforming weight of the same CSI-RS configuration on different subframes to achieve CSI-RS overhead reduction, without changing the CSI-RS configuration dynamically. At this moment we have a slight preference on Alt-1, e.g. RRC configuration of CSI-RS configuration. 
4. Other issues

4.1. PDSCH rate matching

In Rel.13, PDSCH is rate matched around its configured NZP-CSI-RS resource and ZP-CSI-RS resource configurations. With TM10, up to four different ZP-CSI-RS resource configurations can be RRC configured, and 2-bit PQI states is used to indicate the ZP-CSI-RS resource configuration for PDSCH rate matching in each subframe.
The same mechanism can be reused for PDSCH rate matching around aperiodic CSI-RS. In a nutshell, any potential aperiodic CSI-RS that the network may configure can be configured with an overlapping ZP-CSI-RS configuration. If aperiodic CSI-RS is transmitted, PQI states indicates PDSCH rate matching around the corresponding ZP-CSI-RS. 
Observation: The existing PQI states can be reused to perform PDSCH rate matching around aperiodic CSI-RS.
4.2. K>1 support
UE-specific CSI-RS includes K>1 as well, in addition to K=1. For example, the base station can configure K=2 CSI-RS resources in the vicinity of the main angle-of-arrival of the UE, within a small range of angles, to track the beam change. This allows even more accurate beam tracking capability and CSI-RS pooling flexibility compared to K=1. 
An exemplary use case is where eNB has not received any CSI feedback after an extended period of time and therefore lost track of the UE location (e.g. it may have moved), and the eNB has no knowledge of the beam weight to be used on the aperiodic CSI-RS resource. In this case, eNB may transmit a burst of K CSI-RS resources, and rely on CRI to obtain the crude UE location.  Hence, K>1 should be supported in aperiodic CSI-RS enhancement.
Proposal:  Aperiodic CSI-RS is supported for K>1. 
5. Conclusions

In this contribution we presented our views on the mechanism for supporting aperiodic CSI-RS.  Based on the discussion we have the following observations and conclusions.
Observation:

· Single-shot CSI-RS does not reduce CSI processing timing budget, compared to existing Rel.13 implementation.

· Multi-shot CSI-RS does not provides benefits in CSI processing timing budget and control overhead compared to single-shot CSI-RS.

Proposal:

· Adopt single-shot CSI-RS.

· For aperiodic CSI-RS, the CSI-RS configuration is RRC configured, 

· The existing PQI states can be reused for PDSCH rate matching around aperiodic CSI-RS.
· Aperiodic CSI-RS is supported for K>1. 
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