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1. Introduction
In this contribution we discuss several outstanding issues of aperiodic CSI-RS. 
2. Discussion
2.1. Activation/deactivation timer
It was agreed in RAN1#86bis that MAC CE is used for the activation/release of  aperiodic and multi-shot CSI-RS.  The value of activation/release timer is still to be determined, between 4ms and 8ms.

Agreements:
· Down select the value for X/Y for MAC CE based activation/release mechanism from (RAN1#87)

· Alt1. X=Y=4 ms

· Alt2. X=Y=8 ms

· Note: For both aperiodic and “multi-shot” CSI-RS

We do not expect any significant performance difference between 4ms or 8ms for the activation/release timer. If implementation complexity and UE processing timing budget is one of the issues to be considered, it is acceptable to adopt X=Y = 8ms.
Proposal: 
Adopt X=Y=8ms.
2.2. QCL assumption
Dynamic indication of PQI states in DCI was introduced for facilitating DPS type of operation in CoMP. PQI states also indicate QCL between DMRS ports and CSI-RS. However, it has not been validated that average gain, average delay, delay spread, Doppler shift, Doppler spread etc can be reliably obtained from aperiodic NZP CSI-RS. If aperiodic NZP CSI-RS is indicated in PQI and QCL properties are instead inferred from other signal such as the linked CRS then it doesn’t make sense to indicate in PQI. Thus in our view, UE is not expected that aperiodic indicated in PQI for QCL purpose with DMRS.
As for multi-shot CSI-RS, likewise it has not been demonstrated that it can be used for reliable estimation of the QCL properties for DMRS. If it is believed that multi-shot CSI-RS is equivalent to periodic CSI-RS in the estimation of QCL properties (and therefore can meet the QCL estimation requirement), it is more straightforward to use periodic CSI-RS instead. 
Proposal: 
UE is not expected that aperiodic and/or multi-shot NZP CSIRS is indicated in PQI for QCL purpose with DMRS.
2.3. DCI signaling for aperiodic CSI-RS selection
Three candidates were identified for dynamic selection of a CSI-RS resource from the set of semi-persistently activated CSI-RS.
Agreements:
· 3 alternatives are identified:

· Alt1 Reuse A-CSI request field and add more bit(s) if necessary

· Alt2 Reuse CS field (see R1-1610815, R1-1610816)

· Alt3 Add ceil(log2(N))-bit or 2-bit DCI field

· Decide between the above 3 alternatives.
One of the main difference between alt-2 and alt-1/3 is whether the DCI payload should be increased to accommodate the need of aperiodic CSI-RS selection. Generally speaking, it is preferable to not increase the DCI payload if everything else are equal, unless a design target cannot be met otherwise. From this perspective alt-2 is desirable. On the other hand, reusing the CS field impacts UL MU-MIMO scheduling, which is an important use case for FD-MIMO. As coupling of two features (e.g. aperiodic CSI-RS and UL MIMO) is in general undesirable due to complicated eNB implementation, alt-1/2 is slightly preferred. It is true that alt-1/2 may need to increase the CSI triggering field (e.g. 2-bits); however the impact to PDCCH link budget is rather marginal (e.g. in the range of a few tenths of dB). Considering that PDCCH link budget can be well compensated by uplink massive MIMO,  a small DCI payload increase is acceptable.
Between alt-1 and alt-3, alt-1 is preferred. The reason is that with alt-3 it is unclear how to interpret one aperiodic CSI-RS indication field for multiple CC and CSI-processes simultaneously. 

With alt-1, this problem is easily resolved. In Rel.13, up to 32 CCs can be activated for a UE, where for each CC up to 4 CSI-processes can be configured. A 2-bit CSI triggering field is included in the UL grant, where each of the four states corresponds to a set of higher-layer configured CCs and/or CSI-process (which can be of the same or different CCs). The same CSI triggering mechanism can be reused for dynamic CSI-RS triggering.  Each state the triggering fields corresponds to a set of “CSI-RS” resources, equivalently a set of CSI-processes, which can be configured by RRC signaling or MAC CE.  
Proposal: For A-CSI request,  adopt Alt-1 with possibly increased CSI triggering field length (e.g. 1-2-bits) 
2.4. PDSCH rate-matching
Several PDSCH rate-matching mechanism were identified in the last meeting for down-selection.

Proposal:

· For PDSCH rate matching on aperiodic CSI-RS and multi-shot CSI-RS, X-bit (X=1 or 2) aperiodic ZP CSI-RS resource signaling field is introduced in DL-related DCIs for all TMs 

· AP ZP CSIRS resource configuration is defined without subframe_config

· UE conducts PDSCH rate matching on AP ZP CSIRS at the subframe when the DCI is signaled.

· If X=1 and only AP ZP CSI-RS resource configuration is configured by RRC, AP ZP CSI-RS resource signaling field descriptions are

· State ‘0’:  No configured AP ZP CSIRS is indicated.

· State ‘1’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.

· If X=1 and more than 1 AP ZP CSI-RS resource configurations are configured by RRC, the above State ‘1’ description is given/activated via MAC CE, choosing one out of the configured AP ZP CSI-RS resource configurations.

· If X=2 and up to 3 AP ZP CSI-RS resource configurations are configured by RRC, AP ZP CSI-RS resource signaling field descriptions are

· State ‘0’:  No configured AP ZP CSIRS is indicated.

· State ‘1’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘2’:  The 2nd RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘3’:  The 3rd RRC-configured AP ZP CSIRS is indicated to be applied.

· If X=2 and more than 3 AP ZP CSI-RS resource configurations are configured by RRC, the above 3 non-zero state descriptions are given/activated via MAC CE, each choosing one out of the configured AP ZP CSI-RS resource configurations.

· ZP CSI-RS resource configuration with 1ms periodicity is configured for EPDCCH by higher layer, and considered as EPDCCH available REs and punctured.

It is our preference to not to over-engineer the triggering mechanism of aperiodic CSI-RS. Hence, it is preferable to adopt a single mechanism, unless significant performance benefits can be demonstrated. It is our understanding that having both X= 1 and X=2 is mostly from the DCI payload perspective. As discussed above, PDCCH link budget is not a concern and does not warrant the extra specification and implementation complexity. Hence we prefer to adopt a single mechanism (e.g. X = 2). 

Proposal: Adopt X =2 bits signaling for aperiodic CSI-RS indication

· If X=2 and up to 3 AP ZP CSI-RS resource configurations are configured by RRC, AP ZP CSI-RS resource signaling field descriptions are

· State ‘0’:  No configured AP ZP CSIRS is indicated.

· State ‘1’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘2’:  The 2nd RRC-configured AP ZP CSIRS (if present) is indicated to be applied.

· State ‘3’:  The 3rd RRC-configured AP ZP CSIRS (if present) is indicated to be applied.

· If X=2 and more than 3 AP ZP CSI-RS resource configurations are configured by RRC, 
· the above 3 non-zero state descriptions are given/activated via MAC CE, each choosing one out of the configured AP ZP CSI-RS resource configurations.

3. Conclusions

In this contribution we discussed several remaining issues for aperiodic CSI-RS.

Proposal: 
· Adopt X=Y=8ms for activation/release timer.
· UE is not expected that aperiodic and/or multi-shot NZP CSIRS is indicated in PQI for QCL purpose with DMRS.
· Adopt X =2 bits signaling for aperiodic CSI-RS indication

· If up to 3 AP ZP CSI-RS resource configurations are configured by RRC, AP ZP CSI-RS resource signaling field descriptions are

· State ‘0’:  No configured AP ZP CSIRS is indicated.

· State ‘1’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘2’:  The 2nd RRC-configured AP ZP CSIRS (if present) is indicated to be applied.

· State ‘3’:  The 3rd RRC-configured AP ZP CSIRS (if present) is indicated to be applied.

· If more than 3 AP ZP CSI-RS resource configurations are configured by RRC, 
· the above 3 non-zero state descriptions are given/activated via MAC CE, each choosing one out of the configured AP ZP CSI-RS resource configurations.
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