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1. Introduction
In RAN1 #86b, the methodology of resource activation/release for aperiodic CSI-RS and multi-shot CSI-RS has been finalized in the following agreement:
· For activation/release mechanism:
· MAC CE is used to signal the choice of N out of K RRC-configured CSI-RS resources
· The value of N is configurable via higher-layer signalling and upper bounded by a UE capability parameter Nmax
· Nmax for aperiodic and multi-shot periodic CSI-RS can be different.

· When K ≤ 2, N=K; else (when K > 2) N = {1, 2, …, min(4,K)}
· Note: If the above value of N exceeds Nmax, N = Nmax is used instead.

· Note: Activation/release mechanism is skipped for aperiodic CSI-RS when  K = 1 or N
· The above MAC-CE-based activation/release mechanism is used for both aperiodic and “multi-shot” CSI-RS.
Some other remaining details on QCL, rate matching and DCI signaling are required to be further clarified and make conclusion by email discussion. The major outputs of email discussion are summarized briefly as follows:
· QCL

· 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.

· Rate matching
· 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
· DCI signalling for CSI-RS resource selection
· 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
In this contribution, we will provide our preference on these remaining issues.
2 QCL
In LTE, QCL is defined for mutually deducing the large-scale channel property among different RS types and/or resources, which is useful for UE’s implementation such as DMRS based channel estimation. QCL relationship is particularly useful for CoMP operation between multiple TPs, which could be transparent to UE. Consequently, Type B QCL is introduced in TM10 by using the PQI field via DCI signalling to indicate the large-scale channel relationship between certain CSI-RS and DMRS resources. There might be some concerns for using aperiodic CSI-RS transmission by UEs configured with Type B QCL. For example, CSI-RS for measuring an interfering TP might be more frequently than an aperiodic CSI-RS originally designed for the Class B CSI-RS transmission in a serving TP. Also aperiodic CSI-RS are generally UE specific and therefore seems less suitable for multiple UEs to measure the different hypotheses in their CoMP set. In addition, aperiodic CSI-RS resource with only one transmission instance is not expected to be very helpful for UE to improving the quality of DMRS channel estimation with CoMP operation. 
There are indeed some concerns for using aperiodic CSI-RS together with QCL, especially for UEs configured with Type B QCL. However, our view is that all these above issues are not strong limitation on the usage of aperiodic CSI-RS, which is actually aligned with the common view that aperiodic CSI-RS can be used for UE configured with Type A QCL. Our preference is that the QCL indication with respect to a periodic CSI-RS in PQI can be assumed to be used by UE just like the legacy assumptions, regardless of whether aperiodic CSI-RS, multi-shot CSI-RS or periodic CSI-RS is actually used for acquiring QCL between CSI and DMRS in PDSCH transmission. One alternative is to leave it open as assistance information of QCL as UE implementation. It will mitigate required changes of specification.  However, RAN4 may have to build some testing cases otherwise QCL between aperiodic CSI-RS and DMRS is a useless feature from network vendor perspective. According to the latest conclusion of email discussion, we then have the following proposal:
Proposal 1:  For UE configured with Type B QCL, we slightly prefer that both aperiodic and multi-shot CSI-RS can be configured and legacy usage of QCL indication can remain unchanged, i.e., both Alt.2 for aperiodic and multi-shot CSI-RS can be considered by 3GPP.
3 Rate matching
There are two major categories of enhancement schemes for PDSCH rate matching on aperiodic CSI-RS and multi-shot CSI-RS according to the email discussion. The first one, i.e., Alt.1, requires introducing X-bit aperiodic ZP CSI-RS resource signaling field in DL DCI format in common search space with a new RNTI, where X is determined by RRC signaling and each state in the signaling field indicates one RRC-configured aperiodic ZP CSI-RS. The second category, including Alt.3 and 3’, requires introducing 2-bit aperiodic ZP CSI-RS resource signaling field in DL-related DCIs for all TMs, where each state in signaling field indicates one RRC-configured aperiodic ZP CSI-RS. The difference between Alt.3 and 3’ is that the latter additionally specifies that if more than three AP ZP CSI-RS resource configurations are configured by RRC, then these non-zero state descriptions are given/activated via MAC CE, each choosing one out of the configured aperiodic ZP CSI-RS resource configurations. All these schemes require aperiodic ZP CSI-RS resource configuration defined without subframe_config.

For these two categories, we prefer the second one since it is better aligned with the existing mechanism of dynamically indication of rate matching information in LTE. Actually, Alt.3 and 3’ can be viewed as extension of the PQI field introduced in TM10 for conducting the PDSCH rate matching to the case of aperiodic CSI-RS for all the TMs. Moreover, the way to configure ZP CSI-RS is different from that for NZP CSI-RS and can cover multiple NZP CSI-RS by just one ZP CSI-RS configuration. With these considerations, the three aperiodic ZP CSI-RS configurations seem already have enough flexibility for indicating the rate-matching information for aperiodic CSI-RS transmission. The additional MAC CE activation in Alt.3’ seems not very necessary.
Proposal 2: Alt.3 based on 2-bit UE-specific DCI should be supported for PDSCH rate matching on aperiodic CSI-RS.
4 DCI signalling for CSI-RS resource selection
There are three different alternatives of the signaling methods for triggering one aperiodic CSI-RS resources out of the N activated resources. Alt.1 reuses the existing A-CSI request field and may add more bit(s) if necessary. In this alternative, the resource selection indicator should be jointly encoded with the CSI process and CC. Such a scheme is aligned with the current triggering principle, where the CSI process information is jointly indicated with triggering, and just extends it with the additional CSI-RS resource selection information. In addition, the RRC signaling can be used to configure the association between triggering state and CSI process/CSI-RS resource indicator. Thus, a flexible cross-carrier aperiodic CSI-RS selection can be supported. As discussed in the email discussion, 1 or 2 bits may be required for this alternative.

The second alternative is to use the cyclic shift field in UL grant for aperiodic CSI-RS resource selection. This scheme introduces the coupling relationship between the selection of CSI-RS resource and cyclic shift for UL DMRS. Although not increasing the DCI overhead, this alternative limits the choice of DMRS pattern for UL PUSCH transmission. The resulting impact on UL performance is unclear and requires to be further studied.
Another possible solution for DCI signaling is to introduce new DCI signaling field in UL grant independently for aperiodic CSI-RS resource selection. This scheme has similar DCI overhead with Alt.1. In particular, Alt.3a will introduce 1 or 2 additional bits depending on different values of N whereas Alt.3b always requires 2 bits regardless of N. Compared with Alt.1, Alt.3a/b can only select the same CSI-RS resource for all the CC/CSI process. Therefore, they may be slightly less flexible in the sense of cross-carrier resource selection.
Proposal 3: We prefer to reuse the existing A-CSI request field with additional bit(s) for signaling the aperiodic CSI-RS resource selection. 
5 Conclusion
In this contribution, we provide our views on the remaining issues for aperiodic CSI-RS. In particular, we have following proposals:
Proposal 1:  For UE configured with Type B QCL, we slightly prefer that both aperiodic and multi-shot CSI-RS can be configured and legacy usage of QCL indication can remain unchanged, i.e., both Alt.2 for aperiodic and multi-shot CSI-RS can be considered by 3GPP.
Proposal 2: Alt.3 based on 2-bit UE-specific DCI should be supported for PDSCH rate matching on aperiodic CSI-RS.
Proposal 3: We prefer to reuse the existing A-CSI request field with additional bit(s) for signaling the aperiodic CSI-RS resource selection. 

