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Introduction
In RAN1#86, the following agreement on aperiodic CSI reporting for NR was made:
Agreements:
Study aperiodic CSI reporting in conjunction with aperiodic RS transmission:
· Dynamic indication of aperiodic RS and interference measurement resource including
· Aperiodic RS for channel measurement for CSI reporting
· Aperiodic interference measurement resource for interference measurement,  including using non-zero/zero power RS, demodulation RS;
· Resource pool sharing for aperiodic channel and interference measurement resources
· Study the timing requirement among aperiodic RS triggering, CSI reporting triggering, aperiodic RS transmission, and CSI reporting.  
· Timing between CSI triggering and aperiodic RS transmission X
· Timing between aperiodic RS transmission and CSI reporting Y
· Notes: Consider the single triggering for RS transmission and CSI reporting;
· Others are not precluded
· Note: aperiodic triggering doesn’t preclude on-demand (using activate/release mechanism) triggering 


In this contribution, we focus on the following aspect of the agreement:
· Resource pool sharing for aperiodic channel and interference measurement resources

[bookmark: _Ref178064866]Discussion
In [1], we propose a CSI framework for NR that can be used to support the same basic functions as those supported in LTE for Class A and Class B-type operation, but in a unified way. The proposed framework can also support additional functions needed for NR, namely CSI-RS based beam management and hybrid analog/digital beamforming.
In this unified framework, each UE is configured to perform measurements based on an N-port CSI-RS configuration. How the UE shall perform these measurements is governed by a set of “rules” based on the value of N, the number of ports C in a unified codebook, and the selected rank R. Each rule corresponds to a different use case, e.g., Class A-type operation, Class-B, K=1, Class-B, K>1, etc.
Since the N-port CSI-RS configuration can be UE-specific, the CSI-RS overhead may become large if the number of simultaneously active users is large. The same issue occurs in LTE for Class B operation which has triggered study of overhead reduction approaches. One such approach is based on the combination of aperiodic CSI-RS transmission coupled with pooling of CS-RS resources. In RAN1#86, an agreement was achieved to support this approach for LTE Rel-14 (see [2])..
The basic idea is that in a first step, users are pre-configured through higher layers a pool of CSI-RS resources which can be used for measurements This pool is generic in the sense that these resources can subsequently be used to perform measurements in any beam and for any UE, hence the term “pool”. 
In a second step, a subset of the resources from the pool is activated/released dynamically to a given UE through either DCI or MAC CE signalling. Finally, in a third step, one out of the subset of resources is dynamically indicated to the UE through DCI signalling. The selected resource is then used for CSI measurement and reporting. With this approach, resources within the pool can be dynamically shifted and shared amongst users while avoiding frequent RRC reconfigurations since it is only in the first step the higher layer signalling is used.
In our view, a similar approach may be adopted for NR for managing CSI-RS overhead. As discussed later, it is also beneficial for supporting beam management in an efficient manner. To support both goals, some generalization of the LTE agreement is necessary. Rather than restricting the UE to measure and report CSI on only one out of the subset of CSI-RS resources in the third step, it is useful to enable measurement and/or reporting on 2 or more resources as well. This functionality is useful, for example, in beam management where a UE needs to measure signal strength on multiple beams, e.g., in a beam sweep operation. The intermediate 2nd step may not be necessary; dynamic indication of the subset of resources on which the UE measures can be done dynamically in a single step. As a simplification for NR, we propose to eliminate this intermediate step.
[bookmark: _Toc462848995][bookmark: _Toc462849472]For NR, adopt a similar approach for aperiodic CSI reporting + resource pooling as agreed for LTE (see [2]); however, generalize it to support aperiodic measurement/reporting on one or more resources. Furthermore, simply the mechanism by removing the intermediate activation/release mechanism such that the one or more resources are dynamically configured in a single step.
Continuing with the unified CSI-RS framework idea mentioned above, an N-port CSI-RS configuration is associated with a certain CSI-RS configuration for each user (N need not be the same for all users and users may have multiple CSI-RS configurations, e.g. one for semi-persistent reporting and one for aperiodic reporting). Using the pooling framework, the resources for each user’s CSI-RS configuration are selected from the pool of resources. 
To allow flexible CSI-RS pooling, it is proposed to “modularize” the CSI-RS configurations. Each N-port configuration is built from a number of smaller CSI-RS units. We refer to those units as “CSI-RS elements,” to draw an analogy with control channel elements (CCEs) in LTE. In this way, the pool consists of a number of CSI-RS elements from which each CSI-RS configuration is built by aggregation. For flexibility in supporting different use cases, different configurations may share one or more CSI-RS elements.
Figure 1 shows two possibilities for the basic CSI-RS element from which an N-port CSI-RS configurations is built. As can be seen, the 2 ports can be multiplexed in either time or frequency. Figure 2 shows a pool containing several of these CSI-RS elements. Various examples are shown on how to build different size CSI-RS configurations from these elements. One of the examples shows that CSI-RS elements may be shared between different CSI-RS configurations; the configurations built from the pool need not have mutually exclusive sets of elements.
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[bookmark: _Ref462846524]Figure 1: Basic CSI-RS elements comprising of 2 ports multiplexed either in time (left) or frequency (right)
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[bookmark: _Ref462846646]Figure 2: CSI-RS pool consisting of multiple CSI-RS elements. The formation of 3 different N-port CSI-RS configurations is illustrated. The blue configuration is an aggregation of 7 CSI-RS elements (N = 14 ports); the red configuration is an aggregation of 4 CSI-RS elements (N = 8 ports); and the green configuration is an aggregation of 2 CSI-RS elements (N = 4 ports), where one of the elements is shared with the red configuration.
Based on this concept we propose the following as a basis for a scalable design supporting N = 2*n CSI-RS ports where n =  1, 2, 3, 4, ...   
[bookmark: _Toc462848996][bookmark: _Toc462849473]For NR, construct the CSI-RS resource pool from a number of basic 2-port CSI-RS elements. Arbitrary size N-port CSI-RS configurations are built by aggregation of N/2 elements.
As mentioned above, the pooling concept is beneficial for CSI-RS-based beam management in addition to being a general approach for managing CSI-RS overhead. To support beam management, an N-port CSI-RS configuration is formed using N/2 CSI-RS elements from the pool. In this case, the various CSI-RS elements correspond to different beams, e.g., in a beam sweep operation. UEs are then aperiodically triggered in a dynamic fashion to measure and report beam selection(s). This method supports both a “cell-specific” beam sweep, where multiple UEs measure the same beam, or a UE-specific beam sweep, e.g., for beam refinement. In the former case, all UEs share the same N-port CSI-RS configuration. In the latter, different UEs use different N-port CSI-RS configurations. By combining pooling with aperiodic CSI measurement, efficient beam management is achieved without resorting to “always-on” beam reference signals. 
Conclusions
In this contribution we discuss the benefits of a periodic CSI reporting in combination with CSI-RS resource pooling. Based on the discussion we propose the following:
Proposal 1	For NR, adopt a similar approach for aperiodic CSI reporting + resource pooling as agreed for LTE (see [2]); however, generalize it to support aperiodic measurement/reporting on 2 or more resources instead of just one. The LTE agreement may be simplified by removing the intermediate activation/release mechanism which is unnecessary for aperiodic CSI reporting.
Proposal 2	For NR, construct the CSI-RS resource pool from a number of basic 2-port CSI-RS elements. Arbitrary size N-port CSI-RS configurations are built by aggregation of N/2 elements.
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