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1. Introduction
In RAN1#87, the following working assumption is made on QCL issues for semi-persistent CSI-RS [1].
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
· 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.
Moreover, specific DCI signaling on aperiodic CSI-RS resource selection is not decided yet with the following alternatives identified.
· Alt.1 Reuse A-CSI request field and add more bit(s) if necessary
· Alt.2 Reuse CS field 
· Alt.3 Add ceil(log2(N))-bit or 2-bit DCI field
In this contribution, we discuss some remaining issues of beamformed CSI-RS including detailed signaling design and QCL.
2. Discussion on the remaining issues for beamformed 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.3, 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.3.
Proposal 1: Additional fields in DCI should be introduced to carry the information of triggering and selection of A-CSI-RS resource from N activated resources.
QCL issues
For NZP CSI-RS resources configured for semi-persistent activation/deactivation, channel properties associated with the activated CSI-RS resource also change semi-persistently. For example, as shown in Fig. 1, if DMRS is associated dynamically with one particular CSI-RS resource with respect to a set of channel properties, this CSI-RS resource should be an activated CSI-RS resource to support CoMP transmission such as DPS. Moreover, as the maximum numbers of activated and configured CSI-RS resources are 4 and 8 respectively, 2-bit PQI is only sufficient to indicate activated CSI-RS resource. 


Fig.1 QCL relationship among DMRS and activated CSI-RS
Based on the above discussion, the CSI-RS resource index indicated by PQI should also change semi-persistently along with the activation/deactivation operation. Specifically, indication of QCL among DMRS and CSI-RS should follow the 3-step approach given in Fig. 2.


Fig 2. QCL indication approach for NZP CSI-RS with activation/deactivation
Step 1: Configure K QCL states through RRC parameter. The maximal number of K can be 8. Each state corresponds to one CSI-RS resource.
Step 2: When K is larger than 4, activate N states out of K states to be active QCL states through MAC CE. The total number of active states remains 4.
Step 3: Indicate one state out of the active states for QCL through DCI. 
This 3-step approach provides good support of CoMP transmission for CSI-RS with activation/deactivation. As UE shouldn’t expect PQI indication for deactivated CSI-RS resources, this approach avoids QCL indication for deactivated CSI-RS resources. Without this 3-step approach, QCL indication by PQI for CSI-RS resources with activation/deactivation is less meaningful as deactivated CSI-RS resource may also be associated with DMRS, and 2-bit PQI is not sufficient to describe all K configured resources. Therefore, we have the following proposal.
Proposal 2: The NZP CSI-RS resource index indicated by PQI for QCL should change semi-persistently along with the activation/deactivation operation based on the following 3-step approach
· Step 1: Configure K QCL states through RRC parameter.
· Step 2: If K>4, activate 4 states out of K states to be active QCL states through MAC CE.
· Step 3: Indicate one state out of the 4 states for QCL through DCI.
3. Conclusions
In this contribution, we analyze some remaining issues for beamformed 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 triggering and selection of A-CSI-RS resource from N activated resources.
Proposal 2: The CSI-RS resource index indicated by PQI for QCL should change semi-persistently along with the activation/deactivation operation based on the following 3-step approach
· Step 1: Configure K QCL states through RRC parameter.
· Step 2: If K>4, activate 4 states out of K states to be active QCL states through MAC CE.
· Step 3: Indicate one state out of the 4 states for QCL through DCI.
4. Reference
[1] Chairman’s notes, 3GPP RAN1#87

image2.emf
Configure 

K QCL 

states

Activate N 

states out of 

K staes

Indicate  one state 

out of N for 

QCL 


oleObject2.bin
�

Configure K QCL states


Activate N states out of K staes


Indicate one state out of N for QCL 



image1.emf
TP1 TP2

Activated 

CSI-RS 1

Activated 

CSI-RS 2

DMRS QCL 1 QCL 2


oleObject1.bin
�

�


