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1. Introduction
This contribution discusses several remaining issues on beamformed CSI-RS.

2. Discussion

2.1. DCI field for AP-CSI-resource selection
A UE can be RRC configured with up to K = 8 CSI-RS resources, within which up to N = 4 CSI-RS resources can be semi-statically activated/deactivated by MAC signaling. From the N activated CSI-RS resources, an aperiodic CSI-RS transmission can be triggered in any downlink subframe by DCI.
Mechanism for aperiodic CSI-RS resource selection/triggering is yet to be determined. Three candidate schemes were identified in RAN1#86bis

· 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.
The main difference between alt-2 and alt-1/3 is whether the DCI payload should be increased. 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 has its merit. On the other hand, reusing the CS field impacts UL MU-MIMO scheduling and may potentially complicate eNB scheduler implementations. Furthermore, it is generally undesirable to couple two features (e.g. aperiodic CSI-RS and UL MIMO) in order not limit network optimization flexibility. Lastly, the impact on PDCCH link budget due to slight DCI overhead increase for alt-1/3 (e.g. 2-bits) is rather marginal (e.g. in the range of a few tenths of dB). 
Between alt-1 and alt-3, alt-1 is preferred. The problem with alt-3 is that it is unclear how to interpret one triggering field for different CC, in the case of carrier aggregation. Triggering the same AP CSI-RS for all CCs obviously limits network implementation flexibility and is not preferable. 
It is worth noting that a comprise solution has been suggested in previous meetings to adopt alt-1 for PDCCH in UE-specific search space and alt-2 for PDCCH in common search space. This may also be considered, if the need of using common search space for aperiodic CSI-RS triggering, in addition to UE-specific search space, is sufficiently convincing. Alternatively it can be clarified that AP CSI-RS can only be triggered on PDCCH in UE-specific search space. 
Proposal: For A-CSI request,  adopt Alt-1 (reusing CSI request field) by adding 2-bit to the CSI triggering field, at least for DCI in UE-specific search space.
· Decide between alt-1 and alt-2 for common search space (if supported for AP CSI-RS triggering).
2.2. Value of  for QCL indication
The following working assumption was agreed in RAN1#87 regarding QCL for aperiodic CSI-RS.
Working Assumption:

Working Assumption will be confirmed in RAN1#88 if benefit is confirmed compared to using periodic NZP CSI-RS and significant problems are not identified. 

· In TM10, activation/deactivation of an NZP CSI-RS with subframe_config can be configured with UEs configured with QCL Type B, where
· NZP CSI-RS configured for activation/deactivation can be indicated in PQI for QCL purposes, and follow legacy QCL assumption. 
· UE does not expect to receive PQI indication before receiving Ω (>1) activated NZP CSI-RSs from an NZP CSIRS activation. FFS on Ω – send an LS to RAN4 to ask for their advice – Jonghyun (LG) R1-1613495 – for email approval until Wed 23rd Nov.
· UE does not expect that a PQI indication is received which indicates a deactivated NZP CSI-RS. FFS the spec impact.
· Note: NZP CSI-RS not configured for activation/deactivation can also be indicated for QCL purpose.
We propose to confirm the working assumption. The value of Ω is out of RAN1’s expertise and should be left to RAN4.
2.3. Potential support of additional density
The following agreement on Class B CSI-RS density has been reached in previous meetings:
Agreements:  For Class B NZP CSI-RS: 

· Support CSI-RS density of d ∈ {1,1/2} RE/RB/port

· Additional values of d=1/3 and/or 1/8 are not precluded for Class B if significant benefit can be shown at RAN1#87.

· Transmission and/or measurement comb offsets are 0..1/d-1

· For d=1/2 (i.e. for Class A & Class B), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset

· For d=1/3 (i.e. at least for Class A), comb offsets ∈ {0, 1, 2} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 3 = comb offset
Benefits and feasibility of reduced density for class B CSI-RS are discussed below:

· The coherent bandwidth of beamformed CSI-RS has been demonstrated to be significantly larger than that of non-precoded CSI-RS, thus a lower frequency density seems justifiable. Given that the lowest density of non-precoded CSI-RS is d=1/3, additional density values d lower than 1/3 should be considered for beamformed CSI-RS. 

· Due to beamformed gain, beamformed CSI-RS has better per-antenna-port power and coverage than non-precoded CSI-RS, allowing for reduced density with comparable coverage as non-precoded CSI-RS. 

Proposal:  Adopt d = 1/3, and one additional lower density for beamformed CSI-RS.
2.4. DCI field for PDSCH rate-matching
The following agreement on PDSCH rate-matching has been agreed in RAN1#87.

Agreement:

· For PDSCH rate matching, 2-bit 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.

· AP ZP CSI-RS resource signaling field descriptions are

· State ‘0’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘1’:  The 2nd RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘2’:  The 3rd  RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘3’:  The 4th  RRC-configured AP ZP CSIRS is indicated to be applied.

· This applies only to the DCIs used for non-fallback mode.
In addition, the LS sent to RAN2 on RRC parameter indicates that AP-ZP-CSIRS is configured per UE per CC [4].
	CSI-RS-ConfigZPAperiodic
	"Aperiodic ZP CSI-RS" for PDSCH rate matching indicated by a 2-bit DCI, applicable for all TMs
	For each ZP CSI-RS resource, IE follows CSI-RS-ConfigZP-r11 but without subframeConfig
	Independently configured per serving cell.


Given that ZP AP CSI-RS is per CC configured, they can be different for different CCs (e.g. with or without AP-ZP-CSIRS, number of AP-ZP-CSIRS, etc). Two minor issues then need clarification in case of PDSCH cross carrier scheduling: 
· It is unclear which AP-ZP-CSIRS is to be used for PDSCH rate-matching, e.g. of the scheduling CC or the scheduled CC. Using the scheduled CC is natural.
· DCI monitored on each CC should have a fixed payload, hence the 2-bit field should always be present even if the DCI points to a CC not configured with AP ZP CSI-RS. In case the scheduled CC has no AP-ZP-CSIRS configured at all, it is unclear how to interpret the four states in the past agreement. To address this, the past agreement can be amended that state 0 is reserved for “No ZP-ZP-CSIRS for PDSCH rate-matching”. This also addresses the case where no aperiodic CSI-RS is transmitted.
Proposal: Amend the agreement in RAN1#87 on AP-ZP-CSIRS for PDSCH rate matching, as in the conclusion section. 
3. Conclusion

In this contribution we discussed a few remaining issues on aperiodic CSI-RS.

Proposal: For A-CSI request,  adopt Alt-1 (reusing CSI request field) by adding 2-bit to the CSI triggering field, at least for UE-specific search space.

· Decide between alt-1 and alt-2 for common search space.
Proposal 2: Confirm the working assumption that semi-static CSI-RS can be configured for a UE with QCL type B; leave the value of Ω to RAN4 decision.

Proposal:  Adopt d = 1/3, and one additional lower density for beamformed CSI-RS.
Proposal: Amend the agreement in RAN1#87 on AP-ZP-CSIRS for PDSCH rate matching, as in the conclusion section. 
· For PDSCH rate matching, 2-bit 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.

· AP ZP CSI-RS resource signaling field descriptions are

· State ‘0’:  NO AP ZP CSIRS is indicated to be applied.

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

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

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

· This applies only to the DCIs used for non-fallback mode.
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