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One of the objectives for Rel.14 WI on enhanced FD_MIMO (eFD-MIMO) is to specify the following three enhancements on reference signal [1]:
· Specify enhancements on reference signal in the following areas [RAN1]
· …
· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 
· … 
In RAN1#84bis, the following agreement was made [2]:
· 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 
· Alt.3: Reduced frequency density via decimation over part or all of the bandwidth
· Alt.4: MR with dynamic sharing of the beams on CSI-RS resources among the UEs 
· Alt.5: Triggered measurement of one of multiple CSI-RS configurations
· Alt.6: Spatially multiplexed beamformed CSI-RS
· Other approaches are not precluded

This contribution will focus on Alt 1. In particular, some concerns on Alt1 identified in RAN1#84bis and their possible (re)solutions in relation to Alt2.  

[bookmark: _Ref450905111]Enhancing CSI-RS resource allocation
Although UE-specific beamformed (BF) CSI-RS is beneficial in reducing the number of CSI-RS ports a UE needs to measure and at the same time increasing CSI-RS penetration (due to UE-specific beamforming gain), the total amount of CSI-RS overhead per cell increases with the number of serviced UEs. This increase in overhead is primarily caused by the semi-static and periodic CSI-RS resource allocation per UE. It is expected that such total/cumulative CSI-RS overhead exceeds that of non-precoded (NP) CSI-RS when the number of UEs is sufficiently large.
To circumvent this drawback, two aspects of CSI-RS resource allocation can be enhanced:
1. CSI-RS resource pool: This is addressed by increasing the amount of CSI-RS resources (hence the number of possible CSI-RS resource configurations). One possible enhancement is on the definition of CSI-RS resource.
2. CSI-RS resource reuse: This is related to the number of UEs which can share a given CSI-RS resource (or resource configuration) – or more generally, the number of UEs which can share a CSI-RS resource pool. This can be addressed by a more dynamic (or less semi-static) CSI-RS resource allocation.  
A good enhancement on CSI-RS resource allocation/utilization will try to address these two aspects one way or another. It is apparent that each of the 6 identified alternatives attempts to address at least one of the aspects: 
· Alt1 and Alt2 (which incorporate dynamic triggering) can be used to enhance these two aspects if a new CSI-RS resource configuration specifically designed for aperiodic CSI-RS is introduced. It is apparent, however, that Alt1 offers more flexibility in terms of CSI-RS resource reuse although it can be argued that Alt2 incurs lower DL control overhead.
· Alt3 attempts to reduce CSI-RS overhead thereby potentially increasing CSI-RS resource pool (without improving its reuse). If channel frequency selectivity is indeed lessened due to beamforming, Alt3 should be explored. Furthermore, it has some overlap with overhead reduction for non-precoded CSI-RS especially the FDM-based solution. Although the target for overhead (density) reduction is on >16 ports, the support of Alt3 can be considered together with that for non-precoded CSI-RS. 
· Alt4 and Alt5 are schemes for increasing CSI-RS resource reuse. If Alt1 or Alt2 is supported, Alt4 and Alt5 can readily be implemented – at most with some incremental specification support. 
· Alt6, on the other hand, seems to be an eNB implementation. Its specification impact is rather unclear.   
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Aperiodic CSI-RS (Alt1) 
As mentioned in section 2, aperiodic CSI-RS can increase CSI-RS resource pool only if it is accompanied by an enhanced CSI-RS resource configuration. On top of that, CSI-RS resource allocation is performed dynamically. That is, CSI-RS is transmitted by the eNB and measured by the UE only when needed. This improves CSI-RS resource reuse. 
By using such mechanism, the total amount of CSI-RS overhead can be kept lower while maintaining the key benefit of BF CSI-RS: lower CSI measurement complexity and higher CSI measurement reliability due to beamforming gain. In addition, the potential reduction in CSI-RS overhead from aperiodic CSI-RS increases cell throughput and decreases inter-cell interference. Given the potential benefits, both from UE and network perspectives, the support of aperiodic CSI-RS is beneficial for Rel.14 eFD-MIMO.  
Enhancing resource pool: CSI-RS resource configuration 
CSI-RS resource configuration can be streamlined by removing configuration parameters specific to periodic CSI-RS. Such parameters include CSI-RS periodicity and subframe offset. Among other CSI-RS-related parameters, three parameters are especially relevant for resource allocation. 
· Number of antenna ports 
· Time-frequency pattern (also known as CSI-RS configuration in Table 6.10.5.2-1 of [3])
· Subset of port numbers: if the set of port numbers from Rel.13 {15, 16, …, 30} is used, a subset . The allowable set of port numbers can follow a certain restriction but can also be made more flexible that Rel.13 port set (which always starts with 15 and follows a consecutive numbering). 

Proposal: Enhance CSI-RS resource pool for Ap-CSI-RS as follows:
· Remove CSI-RS subframe configuration, i.e. periodicity and subframe offset
· Three key parameters for CSI-RS resource configuration: number of ports, T-F pattern, and port subset
Enhancing resource reuse: dynamic triggering 
Dynamic triggering for aperiodic CSI-RS (Ap-CSI-RS) can be illustrated in Figure 1. Here, a shared pool of Ap-CSI-RS resources is available where an eNB assigns a CSI-RS resource to each UE either dynamically or semi-statically. When configured with Ap-CSI-RS, a UE receives a CSI request through an UL grant accompanied with CSI-RS within a same DL subframe n. Upon decoding the CSI request field in a corresponding DCI, the UE measures the CSI-RS within that subframe and reports aperiodic CSI (A-CSI) in subframe n+L. Therefore, Ap-CSI-RS is linked with A-CSI reporting. 
The main benefit of this linkage, other than simplicity, is to avoid any unnecessary CSI measurement and reporting latency. It is also synergistic with eIMTA/LAA operations where DL and UL subframes are not always available in any given instance. In such scenarios, complex priority rules are to be avoided. 

Proposal: Ap-CSI-RS operation is linked with A-CSI reporting
· DL subframe containing the UL grant with CSI request also carries Ap-CSI-RS 


[bookmark: _Ref447037018]Figure 1 Aperiodic CSI-RS: operation from eNB and UE perspective
In RAN1#84bis, it was pointed out that when Ap-CSI-RS is placed in a same subframe as the CSI request, some reduction is latency budget L (for receiving one-subframe transmission, CSI calculation, and roundtrip delays) occurs since CSI calculation can start only after the UE decodes the CSI request from an associated UL grant. This reduction in latency budget does not occur for periodic CSI-RS since the locations of CSI-RS are known a priori to the UE. This reduction ranges from one OFDM symbol (the shortest PDCCH length) to one subframe (in case of ePDCCH). This may cause some problems for legacy UEs which are designed to take full advantage of the latency budget. At least the following three alternatives can alleviate this issue:
· Alt-A. Place Ap-CSI-RS X>0 subframe(s) after the CSI request
· Alt-B. Multi-shot Ap-CSI (cf. Alt2 dynamic activation/deactivation)
· Alt-C. Increase the (minimum) value of L for Ap-CSI-RS by, e.g. 1 subframe 
Alt-A creates more complication (both in priority rules and CSI calculation) especially when operated together with eIMTA/LAA since X becomes a variable depending on the availability of DL subframes (on top of the existing variability of L). At the end, Alt-A complicates UE implementation in a different manner. Alt-B inherits the disadvantage of Alt-A (especially for the first CSI-RS instance within the multi-shot transmission) in addition to lesser resource reuse capability due to multi-shot transmission. Alt-C, on the other hand, does not suffer from the complication of Alt-A. The increase in CSI latency (also a problem for Alt-A and B) is not expected to be an issue since A-CSI is typically targeted for UEs with lower mobility (which need CSI with higher-resolution).  

Proposal: Consider increasing the minimum latency budget from 4 to 5 subframes for A-CSI calculation when Ap-CSI-RS is configured 

As discussed above, dynamic triggering via UL grant increases CSI-RS resource reuse. Since it is linked with A-CSI reporting, there is no extra DCI overhead involved associated with Ap-CSI-RS if the associated CSI-RS resource is configured semi-statically. However, a fully semi-static resource configuration can be too restrictive since any change in resource definition (which includes the number of UE-specific BF CSI-RS ports, T-F pattern, and port subset) requires RRC signalling which is known to suffer from latency and overhead issues. Dynamic resource configuration –included in the CSI request –allows full flexibility at the expense of DCI overhead. 
In principle, any of the three resource configuration parameters in section can be configured either semi-statically (via RRC signalling) or dynamically (via DCI of UL grant). Therefore, a host of combinations between a fully semi-static and a fully dynamic CSI-RS resource configuration are possible. For instance, a small number of combinations (M>1) of CSI-RS resources can be semi-statically configured and the UE can be configured one of these M resources dynamically via UL grant. This solution, however, offers very limited flexibility gain over semi-static resource configuration unless M is relatively large. 
Instead, it is possible to use a “multi-shot” mechanism for CSI-RS resource reconfiguration (rather than CSI-RS transmission) via activation and deactivation. Essentially, this solution applies the method of Alt2 (dynamic activation/reactivation in section 1) for semi-persistent CSI-RS resource (re)configuration. A similar mechanism to semi-persistent scheduling (using DL control signalling for activation and deactivation with large periodicity) can be used where the DCI associated with activation contains the necessary parameters for CSI-RS resource (re)configuration. 

Proposal: Consider supporting dynamic (“semi-persistent”) CSI-RS resource (re)configuration via activation/deactivation mechanism. 

[bookmark: _Ref446598642]Conclusions
In this contribution, some specification issues related to aperiodic CSI-RS (Ap-CSI-RS) are discussed. Our proposal can be summarized as follows:
· Enhance CSI-RS resource pool for Ap-CSI-RS as follows:
· Remove CSI-RS subframe configuration, i.e. periodicity and subframe offset
· Three key parameters for CSI-RS resource configuration: number of ports, T-F pattern, and port subset
· Ap-CSI-RS operation is linked with A-CSI reporting
· DL subframe containing the UL grant with CSI request also carries Ap-CSI-RS 
· Consider increasing the minimum latency budget from 4 to 5 subframes for A-CSI calculation when Ap-CSI-RS is configured
· Consider supporting dynamic (“semi-persistent”) CSI-RS resource (re)configuration via activation/deactivation mechanism.
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