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Introduction
In RAN1#86bis and RAN1#87, the following agreement was made:
Agreements:
· A CSI-RS resource set should be studied whereby CSI-RS resources within the set may be dynamically shared amongst users 
· Study CSI-RS resources configuration in 2 steps 
· Step 1: Pre-configure a set of K CSI-RS resources for one or more users through UE-specific RRC configuration
· Step 2: For a given user, dynamically indicate N out of K (where N >= 1) of the CSI-RS resources from the set to enable CSI measurement in a given time window
· Study the following alternatives
· Alt 1: Dynamic signaling through DCI
· Alt 2: Dynamic signaling through MAC CE
· The CSI-RS transmissions can be dynamically indicated as one shot or multi-shot within the window
· The configured CSI-RS resource pool can be used for channel/interference measurement
· Configure multi sets of CSI-RS resources for one UE

Agreements:
· Support UE specific RRC configuration of one or more CSI-RS resource sets
· As one operation example, CSI-RS resources within a set can be dynamically shared amongst users
· Support dynamic allocation of one or more CSI-RS resources from the one or more sets to one or more users
· Allocation can be aperiodic (single-shot)
· Allocation can be on a semi-persistent basis
· Note: semi-persistent CSI-RS transmission is periodic while allocated
· Study the following aspects
· Signaling mechanism for dynamic allocation/de-allocation
· e.g. via MAC CE or L1 control signaling, via hierarchical control signaling with MAC-CE and DCI
· De-allocation may or may not be dynamically signaled at a later point in time
· Signaling mechanism for slot configuration (i.e., periodicity, subframe offset like in LTE)
· Signaling format for dynamic indication of CSI-RS resource(s)
· Signaling overhead reduction approaches
· e.g., structured groupings of CSI-RS resources and/or allocation scheme utilizing a combination of RRC configuration and dynamic signaling
· Methods to support resources of variable number of ports
· e.g. Aggregation of resources of a smaller number of ports
· Note: CSI-RS can be NZP
· FFS: ZP
· Note: mapping of CSI-RS resources with TRP(s) is an implementation issue


In this contribution, we discuss the resource set configuration and dynamic indication of resources from the set.  Particularly, a method to support resources of variable number of ports by aggregation of 2-port CSI-RS units is proposed in the context of CSI-RS pooling.
[bookmark: _Ref178064866]Discussion
In NR, CSI-RS will be used for multiple purposes such as at least
· Type I CSI feedback (as in LTE)
· [bookmark: _GoBack]e.g., Class A (non-precoded CSI-RS), Class B (beamformed CSI-RS) with or without CRI
· Large # of ports, e.g., for lower frequencies with digital beamforming
· Small # of ports, e.g., for higher frequencies with analog/hybrid beamforming
· Type II CSI feedback
· High spatial resolution feedback
· Beam management
· e.g., Coarse beam sweep operation, beam refinement, UE beam selection

Furthermore, different types of CSI reporting, e.g., aperiodic, semi-persistent, will be used at different times and for different users. With such a diverse set of use cases, considerable flexibility is required in allocating CSI-RS resources to users. Furthermore, to manage CSI-RS overhead, it is important to be able to flexibly and dynamically share the resources amongst users. For example, if a UE is triggered to measure on a specific beamformed CSI-RS resource, it is highly desirable to be able to quickly re-allocate this resource to another user once the measurement is complete.
To achieve these goals, the notion of a CSI-RS resource pool (or CSI-RS resource set as agreed above) was introduced in [1] whereby CSI-RS resources can be dynamically shared amongst users. The basic idea is that in a first step, users are semi-statically (RRC) pre-configured with a set of CSI-RS resources which can be used for measurements, either for traditional CSI feedback or beam management purposes. Subsequently, users are dynamically allocated a subset of resources from the pool through DCI or MAC CE signalling. The resources can be allocated either in an aperiodic (single-shot) fashion or allocated in a semi-persistent manner. In the latter, the resources would be dynamically de-allocated at a later time.
In our companion paper [2], it is proposed to “modularize” the CSI-RS configurations. There are multiple reasons for this:
· For the case of beamformed CSI-RS, two UEs measure and report on a set of beams each, and some of these beams are common to both UEs. The modular approach of building up a CSI-RS configuration allows for sharing some CSI-RS ports but not others to reflect the sharing of beams. 
· For the case of non-precoded CSI-RS, the modular approach allows for building a CSI-RS resource with a flexible number of ports, since it has been observed in LTE Rel-12 and onwards that also ports sets which are not a power of two are needed
· For beam management, it could also be useful to have flexibility in the aggregation of the resources since the beam sweep length could depend on the number of available OFDM symbols for beam measurements in a given slot or subframe (which may vary). A variable number of OFDM symbols could occur also in the case of partial beam sweeps where a different number of beams is swept for different users for the purposes of beam refinement.
In the modularized CSI-RS design, a given N-port configuration is aggregated from a number of smaller 2-port CSI-RS units. A basic 2-port CSI-RS unit is illustrated in Figure 1 in which the two ports are multiplexed in frequency. Figure 2 shows a CSI-RS resource pool containing several of these 2-port CSI-RS units.  In Figure 2, two examples are shown on aggregating different CSI-RS configurations from the 2-port CSI-RS units. The green and red configurations show a 4 port and an 8-port configuration built by aggregating 2-port CSI-RS units in the same OFDM symbol.
 [image: ]
[bookmark: _Ref462846524]Figure 1: Basic CSI-RS unit comprising of 2 ports multiplexed in frequency
 [image: ]
[bookmark: _Ref462846646]Figure 2: An example CSI-RS resource pool consisting of several 2-port CSI-RS units. The formation of two different N-port CSI-RS configurations is illustrated (N = 4, 8). 2-port CSI-RS units can be shared amongst different configurations (e.g., the red and green configurations).

In our companion contribution [3], we motivate and propose DCI based allocation for both aperiodic and semi-persistent CSI-RS with improved reliability.  To support dynamic allocation of CSI-RS resources from the pool to the various users, it is important to limit the overhead (# of bits) in DCI used to signal the allocation.  If one forgoes a certain amount of flexibility, the overhead can be reduced.  One potential approach is to predefine a selected subset of aggregations from the CSI-RS resource set supporting various number of ports.  Given this approach, a length-M’ bitmap is sufficient where the total number of dynamic CSI-RS unit aggregations allowed is 2M’.  Figure 3 shows an example where the resource set contains twelve 2-port CSI-RS units and a length-4 bitmap is used to indicate a selected subset of aggregations supporting 2, 4, and 8 CSI-RS ports.  Codepoints 0000 to 0111 indicate eight different 2-port CSI-RS resources from the set, codepoints 1000 to 1100 indicate five different 4-port CSI-RS resources, etc.  The details on which among the variable number of ports that should be supported, the length of the bitmap, and the number codepoints per port number are for further study.  Based on this discussion, we make the following proposal:

[bookmark: _Toc471708142][bookmark: _Toc471708207][bookmark: _Toc466045774][bookmark: _Toc466045809][bookmark: _Toc466046100][bookmark: _Toc471700738]Adopt a reduced overhead DCI based dynamic indication to form flexible CSI-RS resource aggregations supporting various number of ports from a CSI-RS resource set.
[bookmark: _Toc471708143][bookmark: _Toc471708208]Details on which among the variable number of ports that should be supported, the length of the DCI bitmap field, and the number of codepoints port number are FFS.

The above pooling concept can also be applied for beam sweeping.  For the beam sweeping case, a number of CSI-RS resources (each OFDM symbol will be a separate CSI-RS resource) can be defined in the in a CSI-RS resource set.  Different UEs can be dynamically triggered for beam sweeping from subsets of the resources defined in the CSI-RS resource set.

[image: ]
[bookmark: _Ref465694100]Figure 3: An Example 4-bit indicator for 2, 4, and 8-port CSI-RS aggregations built from an CSI-RS resource set with twelve 2-port CSI-RS units

Conclusions
In this contribution, we discussed construction of a CSI-RS resource pool for flexible construction of aggregated CSI-RS resources that can be dynamically indicated via DCI with relatively low overhead. Based on the discussion we propose the following.
Proposal 1	Adopt a reduced overhead DCI based dynamic indication to form flexible CSI-RS resource aggregations supporting various number of ports from a CSI-RS resource set.
Proposal 2	Details on which among the variable number of ports that should be supported, the length of the DCI bitmap field, and the number of codepoints port number are FFS.
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