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1. Introduction
In RAN1#86bis as well as the follow-up email discussion [86b-10], [86b-11] and [86b-12], the following conclusions are reached on some remaining details for aperiodic CSI-RS [1-4].
Conclusion:
The following alternatives for aperiodic CSI-RS resource selection are to be further discussed for down-selection until RAN1#87:
·  Alternative 1: Reuse A-CSI request field and add more bit(s) if necessary
·  Alternative 2: Reuse CS field
·  Alternative 3a: Introduce a new DCI field with ceil(log2(N)) additional bits
·  Alternative 3b: Introduce a new DCI field with 2 additional bits
Conclusion:
Following three rate matching alternatives are identified to be down-selected or merged until RAN1#87:
· Alt.1:  Common-DCI based
· Alt.3:  2-bit UE-specific DCI based
· Alt.3’: 2-bit UE-specific DCI based with MAC CE activation
Conclusion: 
For QCL indication on DMRS to aperiodic NZP CSIRS, until RAN1#87 decide first in TM10 whether aperiodic NZP CSIRS can be configured with UEs configured with QCL Type B. Note aperiodic NZP CSIRS can be configured with UEs configured with QCL Type A. For UEs configured with QCL Type B (if supported), down-select between
· Alt.1: UE is not expected that aperiodic NZP CSIRS is indicated in PQI for QCL purpose with DMRS
· Alt.2: Aperiodic NZP CSIRS can be indicated in PQI for QCL purpose, and follow legacy QCL assumption. Note: Periodic NZP CSI-RS can also be indicated for QCL purpose.
For QCL indication on DMRS to ‘multi-shot‘ NZP CSIRS, until RAN1#87 decide first in TM10 whether NZP CSI-RS activation/deactivation can be configured with UEs configured with QCL Type B. Note NZP CSI-RS activation/deactivation can be configured with UEs configured with QCL Type A. For UEs configured with QCL Type B (if supported), down-select between
· Alt.1: UEs configured with NZP CSI-RS activation/deactivation do not expect that NZP CSIRS that is activated/deactivated is indicated in PQI for QCL purpose with DMRS
· Alt.2: NZP CSIRS configured for activation/deactivation can be indicated in PQI for QCL purpose, and follow legacy QCL assumption. Note: NZP CSI-RS not configured for activation/deactivation can also be indicated for QCL purpose.
In this contribution, we discuss some remaining issues of A-CSI-RS including detailed signaling design, rate matching, QCL and so on.
2. Discussion on the remaining details for aperiodic CSI-RS
Signaling design for resource selection
Regarding signaling design for resource selection indication, three types of alternatives are proposed. Alt. 1 reuses A-CSI request field with added bits. However, in the case that both periodic CSI-RS configuration and aperiodic CSI-RS configuration are configured for the UE, this triggering may not be a good solution since UE may not know whether it is an aperiodic CSI reporting based on periodic CSI-RS or aperiodic CSI-RS transmission. As UE needs to receive aperiodic CSI-RS if it is an indication aperiodic CSI-RS transmission, performance of aperiodic CSI-RS may be degraded if UE misunderstands this indication. Alt.2 reuses CS field of UL DMRS. Then for the UEs sharing the same aperiodic CSI-RS resource, e.g., in the cases of beam sharing or spatial multiplexing, they are forced to have the same n_DMRS and CS/OCC. This would cause PHICH collision and uplink performance reduction. For Alt.3a and Alt.3b, they would not impact the legacy behavior, and the DCI overhead increasing is not significant. Generally, we should target at the least impact on legacy behavior when introducing new features. Hence we prefer Alt.3a or 3b.
Proposal 1: Additional fields in DCI should be introduced to carry the information of the triggered A-CSI-RS resource from N activated resources.
Rate matching issues
For aperiodic CSI-RS, rate matching should be more flexible since the A-CSI-RS resource is more dynamic than the period CSI-RS resource. In the agreement on rate matching of RAN1#86, all the three alternatives use DCI to indicate rate matching. If rate matching is indicated through DCI, both signalling overhead and flexibility of resource configuration should be considered for all the three alternatives. One simple approach to trade off the DCI overhead and flexibility is to reuse the current procedure of PQI, i.e., M states are configured by RRC parameter, and dynamic indication through DCI is chosen from the configured states. However, in current spec, PQI is limited to 4 states, which would cause a significant restriction for the resource configuration for aperiodic CSI-RS. We propose an enhanced scheme to the current PQI-based approach by adding activation/release between the semi-statistically configured states and dynamically chosen states. The whole rate matching procedure is depicted in Fig. 1.


Fig 1. Rate matching for aperiodic CSI-RS
Specifically, rate matching for aperiodic CSI-RS can be done with 3 steps.
Step 1: Configure K rate matching states through RRC parameter. The maximal number of K can be 8.
Step 2: When K is larger than 4, activate M states out of K states to be active rate matching states through MAC CE. The total number of active states remains 4 if the PQI region in DCI is reused.
Step 3: Choose one state out of the active states to do rate matching through DCI. This step can be accomplished through all the three alternatives.
Since this procedure shares a homogenous structure as the resource configuration for aperiodic CSI-RS, rate matching barely cause extra limitation for the flexibility of aperiodic CSI-RS configuration. Following the above steps, the resource configuration for aperiodic CSI-RS can be sufficiently flexible without causing extra DCI bits. Hence we support Alt. 3 for rate matching.
Proposal 2: Adopt Alt.3 with the three-step procedure to do rate matching for aperiodic CSI-RS.
· Step 1: Configure K rate matching states through RRC parameter.
· Step 2: If K>4, activate 4 states out of K states to be active rate matching states through MAC CE.
· Step 3: Choose one state out of the 4 states to do rate matching through DCI.
QCL issues
As UE can also use aperiodic CSI-RS for the purpose of measuring large-scale parameters, and the subframes with aperiodic CSI-RS are more flexible than the ones with periodic CSI-RS, indicating QCL on DMRS to aperiodic CSI-RS in DCI is beneficial for data demodulation. It also helps to support aperiodic CSI-RS in CoMP better. However, since DCI bits are very limited, QCL indication for aperiodic CSI-RS may cause extra DCI overhead. One approach to solve this issue is to configure another periodic CSI-RS resource in companion with the aperodic CSI-RS resource, where each port of the periodic CSI-RS is QCLed with the aperiodic CSI-RS.  As the QCL indication for periodic CSI-RS is already supported in the current DCI, this approach doesn’t introduce extra DCI bits. Therefore, it is an efficient approach to indicate QCL for aperiodic CSI-RS with DCI. Hence we support Alt.2 for QCL issues of aperiodic CSI-RS with the following approach.
Proposal 3: For QCL issue of aperiodic CSI-RS, we support to allow Type B QCL configuration and adopt Alt.2 with the following approach 
· Configure periodic CSI-RS resource associated with the aperodic CSI-RS resource in terms of QCL, and the QCL indication on the DMRS ports to periodic CSI-RS ports is contained in DCI with legacy approach.
Aperiodic CSI-RS for NP CSI-RS
One of the purposes of introducing aperiodic CSI-RS for BF CSI-RS is to reduce the RS overhead when the BF CSI-RS is UE-specific. For the NP CSI-RS, even it can be configure cell-specifically, the RS overhead is still intensive when the number of ports are very large. Hence for NP CSI-RS, introducing aperiodic CSI-RS can also be beneficial to reduce overhead. When the number of active UE is not so large, for non-precoded CSI-RS ports/resource, resource utilization is more efficient and overhead can be reduced. Moreover, the parameters (e.g. density, location, port number, power) of aperiodic NP CSI-RS ports/resource can be configured more flexibly according to its requirements(e.g. CSI accuracy, overhead) of UE/UE group which need to perform CSI measurement based on these aperiodic ports/ resource. Thus it is more efficient than periodic CSI-RS which should satisfy the maximum port number requirement of a large number of UEs. On the other hand, in current specification, implementation of CSI processing is based on periodic CSI-RS resource.  For aperiodic CSI processing, the UE has to always measure periodic CSI-RS and get ready for upcoming aperiodic CSI triggering.  Since the trigger is unpredictable by the UE, the UE needs to at least buffer the periodic CSI-RS and perform some pre-processing.  The processing is wasteful if the UE doesn't receive aperiodic CSI triggering in most of the cases.  For periodic CSI, the network may not always need accurate full channel CSI.  Therefore, it is wasteful for the US to process full channel CSI-RS.   This problem becomes more serious when 32 ports CSI-RS is introduced. Since aperiodic NP CSI-RS is flexible, there are other benefits including reducing the CSI delay and better interference coordination. More specific illustration of introducing aperiodic NP CSI-RS can be found in our companion contribution [5].
Proposal 4：Introduce aperiodic non-preoded CSI-RS in Rel-14.
3. Conclusions
In this contribution, we analyze some remaining issue for aperiodic CSI-RS. Based on the discussion, we have the following proposals.
Proposal 1: Additional fields in DCI should be introduced to carry the information of the triggered A-CSI-RS resource from N activated resources.
Proposal 2: Adopt Alt.3 with the three-step procedure to do rate matching for aperiodic CSI-RS.
· Step 1: Configure K rate matching states through RRC parameter.
· Step 2: If K>4, activate 4 states out of K states to be active rate matching states through MAC CE.
· Step 3: Choose one state out of 4 states to do rate matching through DCI.
Proposal 3: For QCL issue of aperiodic CSI-RS, we support to allow Type B QCL configuration and adopt Alt.2 with the following approach 
· Configure periodic CSI-RS resource associated with the aperodic CSI-RS resource in terms of QCL, and the QCL indication on the DMRS ports to periodic CSI-RS ports is contained in DCI with legacy approach.
Proposal 4：Introduce aperiodic non-preoded CSI-RS in Rel-14.
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