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1 Introduction

In the email discussion after RAN1 86bis meeting, the following conclusion was achieved to enhance PDSCH rate matching [1]:
· For PDSCH rate matching on aperiodic CSI-RS and multi-shot CSI-RS, the following 3 alternatives are identified to be down-selected or merged until RAN1#87:
· Alt.1: Common DCI based
· Alt.2: 2-bit UE-specific DCI based
· FFS: Solution (if needed) for collision between EPDCCH and Aperiodic CSI-RS

· Alt.3: 2-bit UE-specific DCI based with MAC CE activation
In addition, more details on frequency-domain density reduction are agreed in RAN1 86bis meeting:

· 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
In this contribution, the remaining details from last meeting are discussed. We provide our views on the design of rate matching and frequency-domain density reduction.
2 Discussion on rate matching
Besides TM9/10, other TMs are important as well. Their performance has been extensively proved in product. If ZP CSI-RS is not enhanced to these TMs, severe performance loss will be observed [3]. Additionally, ZP CSI-RS configurations have been supported for new Rel-13 UEs even in TMs besides TM9/10. It is straightforward to enhance ZP CSI-RS for all TMs.
Three alternatives are concluded for aperiodic ZP CSI-RS resource indication in the email discussion.
· Alt.1: Common DCI based
For Alt. 1, a new common DCI is specified to dynamically indicate aperiodic ZP CSI-RS for all UEs in a cell. If DCI with a new length is introduced, a higher number of blind detection attempts are required for Rel. 14 UEs. This alternative therefore has a negative impact on UE complexity. Therefore, it is not preferred. Other alternatives are:
· Alt.2: 2-bit UE-specific DCI based

· Alt.3: 2-bit UE-specific DCI based with MAC CE activation

In Alt. 2 and 3, a 2-bit field in DCI is used to indicate up to 3 ZP CSI-RS resources. Alt. 2 is straightforward to indicate the utilization of aperiodic CSI-RS. However, Alt. 3 introduces MAC CE based mechanism to semi-persistently activate/release a set of ZP CSI-RS resources. 
In Alt.3, RRC will configure more than 3 ZP CSI-RS resources. MAC CE is used to activate 3 ZP CSI-RS resources among them. The motivation of MAC CE activation/release is that a 2-bit field in DCI cannot convey all states of A-CSI-RS utilization. MAC-CE needs to semi-persistently select the 3 most likely states, so that DCI can dynamically indicate the chosen state. However, in a cell, we cannot expect that the activation/release of aperiodic CSI-RS between different UEs will be aligned in time domain. So the activated CSI-RS resources may vary from subframe to subframe within the cell. Additionally, the utilization of CSI-RS is even more random. Due to this fast variation, a mechanism based on MAC CE will not be able to track this variation, and furthermore extra signaling and further delays would be introduced.
Based on the discussion above, therefore we prefer Alt.2: 2-bit UE-specific DCI based and we propose: 
Proposal 1: Introduce a 2-bit field in UE specific DCI for ZP CSI-RS resource indication for all TMs.

One FFS issue to be addressed is:
· FFS: Solution (if needed) for collision between EPDCCH and Aperiodic CSI-RS
For the collision between EPDCCH REs and aperiodic CSI-RS, UE cannot acknowledge the aperiodic ZP CSI-RS before successfully decoding the DCI in EPDCCH.
There are mainly two options to avoid the collision: 
· Option 1: Puncture around the REs of all the aperiodic CSI-RS resources, irrespective of whether the aperiodic CSI-RS resources are triggered or not. 

· Option 2: Aperiodic CSI-RS is only transmitted on PDCCH.. The collision avoidance between EPDCCH REs and aperiodic CSI-RS is then left for eNB implementation.
The drawback of option 1 is a waste of resources, since the REs cannot be used even CSI-RS is not transmitted. Moreover, the punctures on EPDCCH will impact performance especially when resources reserved for CSI-RS are relatively large.   

For option 2, the transmission of aperiodic CSI-RS is sometime restricted. However, this impact can be alleviated through optimized scheduling and low density CSI-RS. However, it is most importance that EPDCCH is correctly decoded. 

Based on the discussion above, we prefer option 2.
Proposal 2: Aperiodic CSI-RS should not be transmitted on EPDCCH. 
3 Frequency-domain density reduction

Three code points are needed to indicate CSI-RS density of d∈{1,1/2} RE/RB/port and comb offsets for d=1/2. Using DCI signaling for density reduction indication is a possible way to indicate d and comb offsets. Dynamic indication of density reduction can provide some flexibility to support CSI-RS transmission in different PRBs. However, additional DCI overhead would be introduced. 

When introducing d and comb offsets to CSI-RS configuration, each CSI-RS can be transmitted in different PRBs. If CSI-RS needs to be transmitted in odd PRBs, the corresponding CSI-RS with d=1/2 and comb offsets=0 is triggered. Therefore, introducing d and comb offsets to CSI-RS configuration can also provide flexibility to use different PRBs. Another way is by utilizing frequency domain measurement restriction (FDMR). Enhancement on RRC signaling is still needed since MR for subframe set cannot be reused. Furthermore, FDMR cannot provide scheduling flexibility since eNB cannot dynamically transmit CSI-RS in different PRBs.

So we propose:

Proposal 3: CSI-RS configuration should be enhanced to additionally indicate CSI-RS density and comb offsets.
4 Conclusions
In this contribution, details of rate matching and frequency-domain density reduction are discussed and we have the following proposals:

Proposal 1: Introduce a 2-bit field in UE specific DCI for ZP CSI-RS resource indication for all TMs.
Proposal 2: Aperiodic CSI-RS should not be transmitted on EPDCCH. 
Proposal 3: CSI-RS configuration should be enhanced to additionally indicate CSI-RS density and comb offsets.
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