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1. Introduction
FD-MIMO was standardized in Rel.13 through the introduction of two types of CSI-processes, namely non-precoded Class A and beamformed Class B.  For Class B, a CSI-process is associated with either K = 1 or K>1 CSI-RS resources, where each CSI-RS has 1 to 8 antenna ports. When K=1, legacy Rel.12 CSI feedback is applied, except with new beamforming codebook. When K >1, UE selects one CSI-RS resource indicated by CRI, on which a CSI report is measured. From the specification perspective, the attribute of “beamformed CSI-RS” is reflected by channel measurement restriction, e.g., channel measurement can be restricted to a single subframe or unrestricted as in legacy system. 
The work item on further full-dimension MIMO (FD-MIMO) enhancement approved in RAN#71 (c.f. [1]) has the following objective: 

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

This contribution presents our initial views on the enhancement of aperiodic CSI-RS.
2. Discussion
Legacy CSI-RS is semi-statically configured and transmitted. For CSI-RS configuration, the RRC configuration messages includes the CSI-RS configuration (e.g. RE locations), number of antenna ports, power ratio, and subframe periodicity/offset. UE assumes the CSI-RS is semi-statically transmitted by rate-matching PDSCH around the NZP-CSI-RS resources. 
If aperiodic CSI-RS is to be supported, UE procedures need to be studied in terms of CSI measurement, as well as PDSCH rate matching.

2.1. CSI-RS for CSI measurement

CSI feedback can be periodic or aperiodic. Periodic CSI feedback is not suitable for aperiodic CSI-RS transmission, due to the lack of associated dynamic control signal. Aperiodic CSI is more appropriate for aperiodic CSI feedback, by utilizing the triggering DL grant.
Proposal: Do not support aperiodic CSI-RS for periodic CSI.
For aperiodic CSI, the triggering field in the UL grant may be used to indicate the presence/absence of aperiodic CSI-RS. There are several possible alternatives.
· Alt-1: CSI-RS configuration (e.g. RE mapping, number of ports, power ratio) is RRC configured. Presence/absence of CSI-RS is dynamically signalled.

· Alt-2: Both CSI-RS configuration (e.g. RE mapping, number of ports, power ratio), and presence/absence of CSI-RS, are dynamically signalled. 

Alt-2 achieves the CSI-RS configuration flexibility; however the CSI-RS configuration signaling overhead will be rather large. Additionally it is unclear if such extreme configuration flexibility is really necessary. Alt-1 has lesser CSI-RS configuration flexibility but still provides a good extent of aperiodic CSI-RS support, with much lower signalling overhead.
A brief analysis of CSI-RS configuration signaling overhead for Alt-2 is given below. Assuming normal CP is known in advance: 
· CSI-RS antenna ports: 
1, 2, 4, 8ports; totally 4 code points
· CSI-RS configuration: 
20 configurations for 1 and 2 ports, 10 for 4 ports, 5 for 8 ports; totally 55 code points (6 bits)

· CSI-RS power: 

-8dB to 15dB; totally 24 code points (5 bits).
The total overhead for CSI-RS config signalling of Alt-2 would be 11 bits. This is a significant overhead increase dynamic control signalling. At this moment we have a slight preference on Alt-1.
Proposal:

· CSI-RS configuration (e.g. RE mapping, number of ports, power ratio) is RRC configured, same as Rel.13. 

· Presence/absence of CSI-RS is dynamically signalled.
Regarding the dynamic control message to indicate the presence/absence of CSI-RS, existing CSI triggering field in the UL grant can be reused to avoid overhead increase. That is, if aperiodic CSI is trigger, UE may assume CSI-RS is present in the UL grant subframe. UL grant size remains unchanged from Rel.13. 
Proposal: Reuse the CSI triggering field in UL grant to dynamically indicate the presence/absence of aperiodic CSI-RS. UL grant size remains unchanged. 
2.2. 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.
2.3. 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. 
3. Conclusions

In this contribution we presented our views on the mechanism for supporting aperiodic CSI-RS.  We make note of the following observations:

· Observation: UE-specific beamforming supports K>1, with channel MR.
· Observation: The existing PQI states can be reused to perform PDSCH rate matching around aperiodic CSI-RS.

Hence our initial proposals are summarized below.
· Proposal: 
Do not support aperiodic CSI-RS for periodic CSI.
· Proposal: 
CSI-RS configuration (e.g. RE mapping, number of ports, power ratio) is RRC configured, same as Rel.13. 
· Proposal: 
Presence/absence of CSI-RS is dynamically signalled by reusing the CSI triggering field in UL grant. UL grant size remains unchanged. 
· Proposal: 
Aperiodic CSI-RS is supported for K>1. 
References
[1] RP-160623, “New WID proposal: Enhancement of Full-Dimension (FD) MIMO for LTE,” Gothenburg, Sweden, March 7-10, 2016
