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1 Introduction

In RAN1 86 meeting, the following agreement was achieved to specify enhancements on reference signal in RAN1.
Aperiodic CSI-RS

· Two-step NZP CSI-RS resource configuration:

· Step 1. RRC configuration with a newly defined Aperiodic CSI-RS-Resource-Config IE

· Without Subframe_config

· Configure a UE with K = {1, 2, .., 8} CSI-RS resources

· Step 2. Activation/release mechanism

· Activate N out of K CSI-RS resources per CSI process

· Note: Activation refers to down selection of N out of K CSI-RS resources

· Once activated, a CSI resource remains activated until released

· FFS: Whether N is always equal to K or the case where K=N is not precluded

· If N is always equal to K, step 2 is bypassed

· Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)

· Alt1. Using UL grant(s)

· FFS: Support for cross-carrier activation/release

· Alt2. Using MAC CE

· Other alternatives are not precluded

· FFS the values of X and Y, max value of N (or the value of N), how to signal N
· One out of N CSI-RS resources is selected via the UL-related DCI

· A UL grant carries a CSI request and indicates transmission of one CSI-RS resource if N>1 aperiodic CSI-RS resources are activated for a CSI process for which the CSI is requested

· A CSI request is for one CSI-RS resource per CSI process 

· Choose one out of the following alternatives for indicating transmission of 1 out N CSI-RS resources (TBD in RAN1#86bis)

· Alt1. use code points from an existing DCI field to select 1 out N CSI-RS resources

· Alt2. Introduce additional bit(s) in DCI

· Note: The number DCI fields and number of code points for the combinations of CSI process, CC, and CSI-RS resource indication are FFS

· Only PUSCH based A-CSI reporting is supported

· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI

· FFS: Whether to CSI reference resource definition needs to change when aperiodic CSI-RS is used or not

· Whether and, if needed, how to support CSI processing relaxation for aperiodic CSI-RS are TBD

· FFS: Possibility to support aperiodic CSI-RS with K=1 and trigger (using UL-related DCI carrying A-CSI request) a subset of antenna ports.

Overhead reduction for Class B – both for periodic and aperiodic CSI-RS

· Support CSI-RS frequency-domain density reduction for Class B

· All antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs

· N = 1 (existing CSI-RS design), 2, and >2

· FFS: Exact mechanism

In this contribution, the remaining FFS issues from last meeting are discussed, and then we provide our views on the design of aperiodic CSI-RS, including details of DCI signaling and density reduction.
2 Discussion on aperiodic CSI-RS
2.1 Two-step NZP CSI-RS resource configuration
FFS: Possibility to support aperiodic CSI-RS with K=1 and trigger (using UL-related DCI carrying A-CSI request) a subset of antenna ports.
In LTE Rel.13, Class B CSI with K = 1 and K > 1 CSI-RS resources were specified. For Class B CSI-RS with only one CSI-RS resource, one port pair is usually formed by the same beam vector. W2 only PMI feedback is specified to select one preferred port pair and co-phasing between polarizations. 

The scheme of supporting one CSI-RS resource with a number of port subsets is more like Class B with K = 1. A CSI-RS resource is configured via RRC. The ports in associated CSI-RS are divided into K subsets. In particular, one subset can correspond to a port pair, where the same beam vector is weighted on each port of the corresponding port pair. 

In step 2, N subsets out of K are activated/released for intended UE, where the value of N is up to eNB implementation. It should be noted that the activated N subsets are for the intended UE. Therefore, when eNB is going to trigger CSI-RS transmission for a UE, the CSI-RS ports on either one out of N subset is transmitted or N subsets are all transmitted. If N activated subsets are all transmitted, the dynamic indication of 1 out of N subsets will be not needed any more. Whether to transmit one or N subsets of the CSI-RS ports is FFS.
Once the trigger of CSI-RS transmission is received in UL grant, the UE will treat N subsets as one CSI-RS with N port pairs if N subsets are all transmitted. Then the mechanism of legacy W2 only PMI reporting can be used.
In addition, the inactivated antenna ports in the CSI-RS resource can be used by other UEs. Moreover, the activated antenna ports for one UE can be activated for other UE as well if they share the same beam.

Compared with the agreed the mechanism with K CSI-RS resource, this scheme is more efficient in ports sharing. For instance, if N subsets are all activated, eNB activates 2 subsets for UE1, i.e. subset1 and subset2. Meanwhile, in addition to subsets3, subset2 is activated for UE2 as well since UE1 and UE2 share the same beam on subset2, which is illustrated in Fig1. 
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Fig1. An example for a CSI-RS resource with 4 subsets.
When N activated subsets are all transmitted, Subset1 and Subset2 are activated for UE1. Subset2 and Subset3 are activated for UE2.
Therefore we propose

Proposal 1: Support aperiodic CSI-RS with K subsets in one CSI-RS resource, where N subsets can be activated for a UE via MAC-CE or UL grand. A-CSI request in UL grand is used to trigger CSI-RS transmission and associated CSI reporting.
FFS: Whether N is always equal to K or the case where K=N is not precluded, 
· If N is always equal to K, step 2 is bypassed

If N is equal to K, all of the K resources will be activated as candidate resource. The number of DCI is not reduced by step 2 since the number of candidate resources is the same as K resources configured through RRC. Considering that the corresponding UL grant is always monitored no matter whether the CSI-RS is activated or released, UE complexity cannot be reduced through step 2. Moreover, the usage of activation/release and trigger in UL grant are duplicated, note that only trigger is work once eNB has traffic load for intended UE. The unnecessary delay will be introduced by step 2. 
Therefore we propose
Proposal 2: If N is equal to K, step 2 should be bypassed.
Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)

· Alt1. Using UL grant(s)

· FFS: Support for cross-carrier activation/release

· Alt2. Using MAC CE

· Other alternatives are not precluded

Activation/release mechanism needs to activate or release N out of K CSI-RS resources or N out of K subsets. The advantage of Alt. 1 is to have lower delay compared with Alt. 2 but leads to larger DCI overhead, especially when the number of resource/subsets configured by RRC is relatively large. On the other hand, the activity of CSI-RS resources may remain a relative long period so that the delay introduced by MAC-CE indication may not be so serious. Furthermore, eNB has no idea if UE missed the activation/release signaling in UL grand, MAC CE based indication is more robust since HARQ-ACK mechanism can help eNB to identify UE receiving status. In addition, MAC CE based activation/release mechanism had been successfully used in CA. Using mature mechanism can effectively save our specification effort. Therefore we propose
Proposal 3: Specify MAC CE based activation/release mechanism
It is nature to configure the preparing time X and Y with a fixed value. In the case of CA, the preparing time is decided by the requirement of UE processing time and HARQ-ACK feedback time. Ensuring alignment of the understanding on active resource between UE and eNB is an essential point, which also needs to be considered in CSI-RS resources activation/release. X should be equal to Y to avoid unexpected case that the number of active resources is large than K.
During the time when N CSI-RS resources are activated, one out of the N candidate resources can be triggered by CSI request and transmitted in the same subframe. The overhead to indicate one out N resources depends on the value of N. Large value of N needs more bits reserved in UL grand. Thus the large value of N is not preferred from the PDCCH performance perspective.

On the other hand, if N is large, UE may need more time to measure associated CSI. Consequently, UE needs to buffer the CSI-RS REs on next several subframes in case it missed the possible aperiodic CSI-RS. Hence large value of N is not preferred from the UE complexity perspective. 
So we propose
Proposal 4: Activate no larger than 4 CSI-RS resources from the K resources configured through RRC.
2.2 CSI-RS resource indication via DCI
The CSI request in UL grant can be reused to trigger the CSI-RS transmission for one CSI-RS resource of a CSI process. 
For configuration of K CSI-RS resources, additional DCI field is needed to indicate the transmission of one CSI-RS resource selected from N CSI-RS resources for this triggered CSI process. When K > 1, given N is up to 4 based on aforementioned discussion, 2 bits DCI field is needed. For configuration of K subsets in one CSI-RS resource, if all of N activated subsets are transmitted, legacy CSI request filed in UL grand can be reused to trigger the transmission of CSI-RS and associated CSI reporting. Thus, enhancement on DCI is not required.
Proposal 5: For configuration of K CSI-RS resources, maximum 2 additional bits in DCI is needed to indicate one out of N resources for a CSI process. For configuration of K subsets in one CSI-RS resource, legacy UL grand DCI can be used to trigger CSI-RS transmission and CSI reporting.
2.3 CSI processing time
In Rel. 13, UE knows the CSI-RS time-domain location and RE mapping in a subframe configured through RRC. UE starts processing CSI only in the CSI-RS transmission subframes without waiting for corresponding UL grant DCI. The processing time budget is no less than 4ms. 
In aperiodic CSI-RS, if UE starts processing CSI when PDCCH/EPDCCH are successfully decoded, the processing time budget will be less than 4ms. If UE starts processing CSI and decoding PDCCH/EPDCCH at the same time in every subframe, the processing budget can be 4ms. However, this kind of parallel processing may challenge the UE processing capability, i.e. out of the legacy UE capability requirement. So the interval from trigger to CSI reporting should be extended to 5ms.
Proposal 6: Consider to increase the interval from trigger to CSI reporting, i.e. from 4 to 5ms.
3 CSI-RS density reduction
There are two possible alternatives for CSI-RS density reduction in frequency domain:
Alt. 1: Reduced-density CSI-RS with common frequency shift for all CSI-RS ports
Alt. 2: Reduced-density CSI-RS with different frequency shifts depending on CSI-RS port
In Alt. 1, a common frequency shift for all CSI-RS ports means that some RBs contains all CSI-RS ports while other RBs don’t carry any CSI-RS ports. Two parameters need to inform the UE, i.e. shift index and N. The parameter shift index indicates CSI-RS RB location and the parameter N indicates the decimation of associated CSI-RS. In our companion contribution [2], the drawback of Alt1 is discussed extensively. We observe that Alt. 1 impacts the performance of legacy UE. 
In Alt. 2, CSI-RS ports are divided into N groups and each group appears every N RBs with different RB offset. The indicated parameter shift index represents RB offset for each port group. The definition of N is the same as that in Alt1. With this alternative, legacy UE can perform rate matching using legacy ZP CSI-RS configuration. The backward compatibility is the key characteristic of this alterative. 

Configuration design: Theoretically, any of the two parameters of CSI density reduction can be configured either semi-static (via RRC signaling) or dynamically (via MAC CE or DCI). Indicating two parameters by RRC for each of the CSI-RS resource can provide enough flexibility to change the density granularity and increase the utilization of CSI-RS resource. Dynamical indication may provide more flexibility for Alt. 1 since it needs elaborate configuration to avoid waste of resource. However, for Alt. 2 the CSI-RS owned by a UE can be seen as a legacy CSI-RS resource for other UEs. Dynamical indication makes no difference for Alt. 2. Moreover, with DCI configuration, overhead could be a concern especially when the value of N is large. 
So, the parameters N and shift index can be indicated by RRC for each of the CSI-RS configuration to providing a certain degree of flexibility.
Rate matching:
Since dynamic indication of aperiodic ZP CSI-RS can be used for Rel. 14 UE, the configuration parameters of frequency-domain reduction can also be indicated through RRC in aperiodic ZP CSI-RS so that rate matching can be done for Alt. 1. Since Alt. 2 can form CSI-RS pattern as legacy in a subframe, the density reduction parameters doesn’t need to be indicated in ZP CSI-RS. More aperiodic ZP CSI-RS resources may be needed for Alt. 1 than Alt. 2.
Proposal 7: Enhancement on RRC signaling should be specified to indicate the frequency-domain reduction parameters for each CSI-RS resource.
4 Conclusions
In this contribution, details of aperiodic CSI-RS and density reduction in frequency domain are discussed and we have the following proposals:
Proposal 1: Support aperiodic CSI-RS with K subsets in one CSI-RS resource, where N subsets can be activated for a UE via MAC-CE or UL grand. A-CSI request in UL grand is used to trigger CSI-RS transmission and associated CSI reporting.
Proposal 2: If N is equal to K, step 2 should be bypassed.

Proposal 3: Specify MAC CE based activation/release mechanism
Proposal 4: Active no larger than 4 CSI-RS resources from the K resources configured through RRC.
Proposal 5: For configuration of K CSI-RS resources, maximum 2 additional bits in DCI is needed to indicate one out of N resources for a CSI process. For configuration of K subsets in one CSI-RS resource, legacy UL grand DCI can be used to trigger CSI-RS transmission and CSI reporting.
Proposal 6: Consider to increase the interval from trigger to CSI reporting, i.e. from 4 to 5ms.
Proposal 7: Enhancement on RRC signaling should be specified to indicate the frequency-domain reduction parameters for each CSI-RS resource.
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