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1 Introduction

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

· Two-step NZP CSI-RS resource configuration:

· Step 1. RRC configuration with a Rel-13 periodic CSI-RS-Resource-Config IE

· 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 transmission of N CSI-RS resources 

· Once activated, a CSI resource remains activated until released

· 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
· CSI reporting

· N=1: CQI/PMI/RI is reported

· N>1: CRI (=0,1, …, N – 1) is reported along with CQI/PMI/RI associated with the reported CRI value 

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 design of multi-shot CSI-RS and density reduction based on multi-shot CSI-RS is discussed based on agreement from the last meeting.
2 Discussion on Multi-shot CSI-RS
For ‘multi-shot’ CSI-RS design, one remaining issue is the activation/release mechanism, i.e. via MAC_CE or UL grand. In our companion contribution [2], the pros. and cons. of two alternatives were discussed, and we slightly prefer MAC_CE based activation and release. In our view, there is no difference in terms of performance and signaling overhead between ‘multi-shot’ CSI-RS and aperiodic CSI-RS from the activation/release perspective. Hence we propose
Proposal 1: Specify MAC_CE to activate and release N out of K CSI-RS resources per CSI process.
Regarding the number of N, of course the value should not be greater than K. In Rel-13, beamformed CSI-RS with K>1 CSI-RS resources was specified, where the value of K can be 2~8 depending on UE capability. It seems supporting K=N=8 does not bring further requirement on maximal UE capability in Rel-14. Hence N can be any value no larger than K from UE capability perspective. 
One concern maybe the necessity to configure large N, i.e. N=8. If the eNB is aware of the UE position, smaller value of N is sufficient. The resource for CSI-RS can be saved. However it depends on eNB implementation. We should not precludes the case that eNB knows nothing about the intended UE. Restriction of N value may limit the implementation flexibility. Therefore, we propose
Proposal 2: The value of N can be 
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The indication of N can be carried in RRC or MAC-CE. The selection should be based on whether N needs to be highly dynamic or not. The usage of configuring N>1 CSI-RS resources is to facilitate intended UE to select the preferred CSI-RS resource. Once it is selected, a smaller number of CSI-RS resources will be sufficient to track beam variation and report associated CSI. Toward this end, a large number of resources are activated for initial CSI reporting, and then only a small number of resources will be activated considering efficient CSI-RS resource usage. Once the small number of resources is activated, it is unnecessary to dynamically change the activated CSI-RS resources frequently. Moreover, large delay of CSI feedback will be introduced by frequently changing the activated CSI-RS resources. Indication N via RRC is more suitable in “multi-shot” CSI.
Proposal 3: Indication of N via RRC can be considered.
Before Rel-14, the CSI reporting can be periodic or aperiodic. The configuration of CSI-RS and CSI reporting can be independent, as CSI-RS is always on once it is configured. For ‘multi-shot’ CSI-RS, the periodic and aperiodic CSI reporting is only valid during the interval from CSI-RS activation to release.  

It is well known that ‘multi-shot’ CSI-RS can be activated once eNB has traffic load for intended UE. The associated CSI reporting is always needed until the traffic transmission is completed, which refers to periodic CSI reporting. On the other hand, aperiodic CSI reporting can also serve in the same condition. However, the work mechanism seems duplicated if aperiodic CSI reporting is also supported for ‘multi-shot’ CSI-RS. Thus, we propose to support periodic CSI reporting for ‘multi-shot’ CSI-RS, where the associated reporting is only valid when CSI-RS is activated. CSI reporting periodicity is shown in Figure 1.
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Figure 1 Example of periodic CSI reporting in ‘multi-shot’ CSI-RS
Proposal 4: Only support periodic CSI reporting for ‘multi-shot’ CSI-RS, where the associated reporting is only valid when CSI-RS is activated.
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
The analysis and design on two alternatives has been discussed in [2]. It is anticipated that the performance of two alternatives are close. The impact on legacy UE is the main criterion for down selection. 
In Alt. 1, the CSI-RS pattern is new and legacy UE cannot recognize those empty CSI-RS REs. Its PDSCH transmission has to be punctured assuming CSI-RS appears on all RBs even actually some REs are empty in the CSI-RS subframe. It will be a  waste in resource especially with short CSI-RS transmission period. 
Another implementation method is to allocate legacy UE just in the decimated RBs where CSI-RS always exist or not. Thus the legacy ZP CSI-RS configurations can be used to indicate the CSI-RS pattern in allocated RBs. This method imposes the restriction on resource allocation, which will impact the performance of legacy UE, e.g. peak rate. 
In Alt. 2, the CSI-RS is equally distributed in all RBs with different frequency shifts depending on CSI-RS port. For one RB, the CSI-RS pattern can be same with legacy ZP CSI-RS patterns. So that rate matching for legacy UE works via indication of ZP CSI-RS.
From the discussion above, we observed

Observation1: For Alt. 1, using legacy ZP CSI-RS for rate matching wastes the downlink resource. With restriction on resource allocation, resource waste can be avoided. However the UE performance will be impacted.

Observation2: Alt. 2 does not impact legacy UE.
Therefore we propose
Proposal 5: Support reduced-density CSI-RS with different frequency shifts depending on CSI-RS port.
4 Conclusions
In this contribution, the mechanism of ‘multi-shot’ CSI-RS and reduced-density CSI-RS in frequency domain based on ‘multi-shot’ CSI-RS are discussed and we have the following observation and proposals: 
Observation 1: For Alt. 1, using legacy ZP CSI-RS for rate matching wastes the downlink resource. With restriction on resource allocation, resource waste can be avoided. However the UE performance will be impacted.

Observation 2: Alt. 2 does not impact legacy UE.
Proposal 1: Specify MAC_CE to active and release N out of K CSI-RS resources per CSI process.
Proposal 2: The value of N can be 
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Proposal 3: Indication of N via RRC can be considered.
Proposal 4: Only support periodic CSI reporting for ‘multi-shot’ CSI-RS, where the associated reporting is only valid when CSI-RS is activated.

Proposal 5: Support reduced-density CSI-RS with different frequency shifts depending on CSI-RS port.
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