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1. Introduction
In RAN1#87, the following agreement is achieved on CSI-RS transmission schemes [1].
Agreement:
· NR supports semi-persistent CSI-RS transmissions
· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically
· Note: “dynamically” here can be DCI and/or MAC CE based. FFS details.
· NR supports semi-statically configured/re-configured periodic CSI-RS transmissions
· FFS: Details on signaling mechanisms
In addition to the above agreement, aperiodic CSI-RS is already supported in RAN1#86bis. Hence NR supports all the three types of CSI-RS transmission schemes. Moreover, the following agreement is made on CSI-RS pooling.
Agreement:
· [bookmark: _GoBack]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 some detailed design of configuring different types of CSI-RS transmission through CSI-RS resource pooling.
2. Discussion on CSI-RS configuration for CSI acquisition
2.1 CSI-RS resource configuration
Periodic CSI-RS
As the CSI-RS resources contained in one CSI-RS resource pool can be shared among different UEs, CSI-RS configuration based on CSI-RS resource pooling is an efficient way to allocate CSI-RS resource for semi-persistent and aperiodic CSI-RS transmission. On the other hand, periodic CSI-RS transmission also requires high-layer signaling of CSI-RS resources. Hence for periodic CSI-RS resources, two alternatives can be identified. 
Alt-1: P-CSI-RS resources are selected from CSI-RS resource pool
Alt-2: P-CSI-RS resources are configured separately from CSI-RS resource pool
If Alt-1 is adopted, P-CSI-RS resources are also included in CSI-RS resource pool. Then two possible outcomes may be led to. The first one is the CSI-RS resource pool becomes quite large. Then UE needs to be configured which resources are used for P-CSI-RS, which doesn’t make any difference as Alt-2. The second outcome is that overlapping among P-CSI-RS resources and AP-CSI-RS resource or SP-CSI-RS resources occurs. This may confuse UE since the CSI associated with P-CSI-RS, AP-CSI-RS and SP-CSI-RS has different reporting behaviors. Due to the above issues, we prefer Alt-2 for P-CSI-RS resource configuration.
Proposal 1: P-CSI-RS resources are configured separately from CSI-RS resource pool.
Aperiodic and semi-persistent CSI-RS
As discussed above, AP-CSI-RS resources and SP-CSI-RS resources are configured based on the shared resource pool. Moreover, due to the fact that AP-CSI-RS resources and SP-CSI-RS resources have different level of flexibility, they need to be allocated through different types of signaling. For SP-CSI-RS, MAC CE can be used to activate/de-activate resources chosen from the CSI-RS resource pool. For AP-CSI-RS, since it is single-shot and dynamic CSI-RS transmission, DCI is required to trigger the CSI-RS resources. Then two options can be used for AP-CSI-RS as follows.
Opt-1: DCI is used to choose AP-CSI-RS resources in CSI-RS resource pool
Opt-2: DCI is used to choose AP-CSI-RS resources from resources activated through MAC CE
Due to the fact that Opt-1 is more efficient and straight-forward for AP-CSI-RS, it should be supported. However, since resource for DCI is quite limited, if the configured CSI-RS pool is large, Opt-1 may cost too much DCI overhead. Then Opt-2 can be used to balance DCI overhead and configuration flexibility. Hence we have the following proposal.
Proposal 2: 
· For SP-CSI-RS, MAC CE is used to activate/de-activate resources chosen from the CSI-RS resource pool.
· For AP-CSI-RS, 
· If CSI-RS resource pool contains no larger than X resources, DCI is used to choose AP-CSI-RS resources in CSI-RS resource pool
· If CSI-RS resource pool contains larger than X resources, DCI is used to choose AP-CSI-RS resources from resources activated through MAC CE
· FFS value of X
In order to achieve most flexibility, the timing indication between aperiodic CSI-RS trigger and CSI-RS transmission may be configurable. Then, in two different slots, gNB may trigger two CSI-RS transmission in the same slot. Once these two CSI-RS resources are overlapping, how to implement CSI measurement based on these overlapping CSI-RS resources should be clear for UEs.
Another issue for AP-CSI-RS and SP-CSI-RS resource configuration is slot configuration, e.g., subframe configuration. To support multi-shot CSI-RS, the configuration of SP-CSI-RS resource should include slot configuration. However, as the timing relationship between triggering and CSI-RS transmission can be flexibly configured for AP-CSI-RS, slot configuration of AP-CSI-RS is not necessary. One possible solution to this issue is that slot configuration is included in the configuration of CSI-RS resource pool, but UE ignores this slot configuration if DCI is used to trigger CSI-RS.
Proposal 3: In NR, slot configuration is included in the configuration of CSI-RS resource pool, but UE ignores the slot configuration if DCI is used to trigger CSI-RS.
2.2 Multiple CSI-RS resource pools
As illustrated above, CSI-RS resource pool is used for AP and SP CSI-RS resource configuration. However, only one CSI-RS resource pool is not sufficient for CSI acquisition in some scenarios. Several use cases for supporting multiple CSI-RS resource pool can be identified. For example, as dense urban with Het-Net layers is an important scenario in NR, to support eICIC-like technology, different subframe sets can be considered. This feature can be implemented by configuring multiple CSI-RS resource pools as shown in Fig.1. Different pools are associated with different sets of subframe configurations, i.e., each CSI-RS pool is associated with a subframe set.  To avoid interference from macro in non-ABS, CSI-RS with different beams can be configured compared to the cases when it has no interference from macro in ABS.  In general, different beams are used for different resources since different resources may suffer different spatial interference due to interference coordination.  Therefore, it is desirable to configure resource-specific CSI-RS resource pools. Similarly, configuring multiple resource-specific CSI-RS pools facilitates implementation of DPS, SSPS, eIMTA and so on.


Fig. 1 Multiple CSI-RS pools
Based on the above discussion, it can be concluded that configuring multiple CSI-RS pools is beneficial. Therefore, we have the following proposal. 
Proposal 4: NR should support configuring multiple resource-specific CSI-RS resource pools.
2.3 Number of CSI-RS ports for Type I codebook
In RAN1#87, a working assumption is made to support 12-24 CSI-RS ports for Type I codebook. However, as we analyze and evaluate in [2], hybrid CSI with up to 32-port Class A and no larger than 8-port Class B achieves better performance than legacy Class A. Moreover, only long-term CSI is contained in Class A, which means only long-term CSI requires more than 8-port CSI-RS. Further, as the feedback periodicity of Class B short-term CSI is configured smaller than Class A long-term CSI, which is specified in LTE Rel-14, large CSI-RS ports for frequent Class B report would lead to large and non-necessary feedback overhead. For long-term CSI feedback, we don’t see the necessity of supporting all the cases of 12, 16 and 24 ports. The long-term CSI feedback performance of these numbers of ports can be similar after virtualization. Hence we propose to down-select for 12, 16 and 24 ports for NR Type I codebook.
Proposal 5: Down-selection is needed for 12, 16 and 24 ports in NR Type I codebook.
· Hybrid CSI should be considered for deciding supported number of ports.
3. Conclusions
In this contribution, we give some specific design on CSI-RS configuration and CSI-RS pooling. Based on the above discussion, we have the following proposals.
Proposal 1: P-CSI-RS resources are configured separately from CSI-RS resource pool.
Proposal 2: 
· For SP-CSI-RS, MAC CE is used to activate/de-activate resources chosen from the CSI-RS resource pool.
· For AP-CSI-RS, 
· If CSI-RS resource pool contains no larger than X resources, DCI is used to choose AP-CSI-RS resources in CSI-RS resource pool
· If CSI-RS resource pool contains larger than X resources, DCI is used to choose AP-CSI-RS resources from resources activated through MAC CE
· FFS value of X
Proposal 3: In NR, slot configuration is included in the configuration of CSI-RS resource pool, but UE ignores the slot configuration if DCI is used to trigger CSI-RS.
Proposal 4: NR should support configuring multiple resource-specific CSI-RS resource pools.
Proposal 5: Down-selection is needed for 12, 16 and 24 ports in NR Type I codebook.
· Hybrid CSI should be considered for deciding supported number of ports.
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