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Discussion and Decision
1   Introduction
CSI-RS plays one important role in DL CSI measurement. In order to enable flexible and efficient CSI measurements in NR, CSI-RS configuration and scheduling needs to be investigated. In RAN1 #86 meeting, there are some agreements for CSI-RS reporting and configuration [1]:

· Dynamic indication of aperiodic RS and interference measurement resource including

· Aperiodic RS for channel measurement for CSI reporting

· Aperiodic interference measurement resource for interference measurement, including using non-zero/zero power RS, demodulation RS;

· Resource pool sharing for aperiodic channel and interference measurement resources

· Support at least one of the following schemes for CSI reporting:

· Scheme 1: periodic CSI reporting analogous to LTE

· Scheme 2: semi-persistent CSI reporting (e.g. activate/release mechanism analogous to LTE SPS)

· Scheme 3: aperiodic CSI reporting 

· FFS: Possible signaling support   

Following the above agreement, in this contribution, some proposals for flexible CSI-RS configuration and CSI reporting are presented. The target is to enable CSI-RS overhead reduction and flexible CSI measurements.  
2   Periodic CSI configuration   

Periodic CSI-RS has been supported in LTE, which can provide regular CSI measurement without much signaling indication. When UE is being in active state, periodic CSI-RS is often configured to assist UE to periodic CSI measurement and reporting. It is beneficial to continued service, at least surviving for a few minutes or even longer. In actual deployment, periodic RS will be configured with semi-static or fixed way. In new radio system, periodic CSI-RS is still useful in many scenarios since service types have not big change and signaling overhead reduction is beneficial. 
Proposal 1: Periodic CSI-RS configuration should be supported in new radio interface.   
3   Aperiodic CSI-RS and Semi-persistent CSI-RS
Aperiodic CSI-RS has been investigated in LTE system, normally it needs aperiodic triggering. Once triggered, CSI-RS will be transmitted with one shot or multiple shot. Aperiodic CSI-RS is beneficial when traffic duration is very short, or instant precoding/interference is changed. In new radio system, the use case or scenario is still there, then aperiodic CSI-RS could be supported as well in addition to periodic CSI-RS. Another benefit of aperiodic CSI-RS is saving the RS overhead. One drawback of CSI-RS may be that it requires more dynamic signaling overhead.

Since aperiodic CSI-RS needs frequent triggering, in order to save the dynamic signaling indication, semi-persistent CS-RS has been proposed in pervious RAN1 meeting. From CSI-RS configuration perspective, semi-persistent configuration is a mix of aperiodic and periodic CSI-RS. For semi-persistent CSI-RS, one needs to define the CSI-RS transmission pattern, including the ON/OFF time duration and periodicity. Its benefits may include dynamic signaling overhead and CSI-RS overhead reduction. The drawback is CSI-RS pattern design. In order to design one good pattern, base station needs to extract suitable traffic pattern based on UE DL service trace.

When discussing the pattern of semi-persistent CSI-RS, actually we can find aperiodic CSI-RS is one special case. Hence, in order to give one clean design for CSI-RS configuration, it is desired to have one unified framework to cover aperiodic CSI-RS and semi-persistent CSI-RS. Pattern design should consider aperiodic pattern and semi-persistent pattern, and the signaling also should consider the triggering of aperiodic CSI-RS and semi-persistent CSI-RS.  
Proposal 2: Strive to use pattern based CSI-RS to support both aperiodic CSI-RS and semi-persistent CSI-RS transmission.
4   CSI-RS sharing for NR CSI measurement  
Applications traffic characteristics are varied and diverse, sometimes traffic duration is only one few hundreds milliseconds, sometimes it will experience a few minutes. Consequently, DL CSI measurement should be fitting for real traffic needs. In the case, aperiodic CSI measurement and semi-persistent CSI measurement are very efficient to support this session demand traffic. In another scenario, when dynamic MU-MIMO pairing or dynamic antenna panel scheduling to support DL transmission is used, instant aperiodic CSI measurement also becomes important. Therefore, in order to schedule multiple users with aperiodic or semi-persistent CSI measurement, more efficient CSI-RS scheduling and reporting solutions should be studied. CSI-RS sharing between multiple UEs would be one method to manage multi-user aperiodic or semi-persistent CSI-RS configuration and measurement. 
In the figure-1, UE #1 and UE #2 are sharing one CSI-RS resource with TDM way. For UE side, CSI-RS transmission on configured resource could be transparent, but the CSI measurement window should be visible to the UE.
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                          Figure 1:  Two UEs sharing one common resource with TDM  
For CSI measurements window configuration, the BS is aware of the UE traffic characteristics in order to assign suitable pattern(s). Meanwhile, from multi-user sharing aspect, base station should manage suitable resource allocation to allow multiple users sharing one common resource or resource pool, efficiently. Though it will cause additional complexity to base station side, given that real traffic is burst, this CSI-RS sharing is a desired solution to further increase the CSI-RS utilization efficiency. 
For the CSI-RS sharing, necessary signaling support is needed. Firstly, one common resource pool should be inform to all relevant UEs. Secondly, UE specific CSI-RS measurement pattern should be configured. Thirdly, dynamic signaling should be used to trigger UE to perform measurements. Of course, in semi-persistent CSI-RS measurements, dynamic signaling may not be needed, or would be very limited.   

In case of rate matching pattern, since one common resource pool is configured to one group of UEs, it is better to configure one common rate matching pattern to these UEs. In one hand, such configuration could save signaling overhead, in the other hand, when CSI-RS is intended to one UE for CSI measurement, other UE should not interfere this CSI-RS resource in PDSCH transmission.
When coming to interference measurements, zero-power CSI-RS shall be used [2]. Although the interference properties are UE specific, from the resource sharing prospective, zero-power CSI-RS could still be shared by multiple users. In this sense, CSI-RS resource sharing will be one unified solution for CSI acquisition. 
Based on above analysis, we propose:
Proposal 3: Support multi-user shared CSI-RS resource configuration, where one CSI-RS resource can support multiple user CSI measurements, and different users can have different CSI measurement window.  

· UE needs to do rate matching based on shared CSI-RS resource pool.

· UE measurement window can be configured either with one shot or with one periodic pattern. 

· Shared CSI-RS resource could be zero-power CSI-RS or non-zero-power CSI-RS.
5   Subband specific CSI-RS configuration and reporting

In LTE, CSI-RS is wideband specific, which can enable full band CSI measurement and scheduling. However, in new radio system, the bandwidth will be larger, and the UE may not be needed to monitor the full bandwidth. In many cases, CSI information over a few sub-bands may be sufficient for resource scheduling. Therefore, there is one possibility to configure a few of subands CSI-RS or ZP-CSI-RS to one UE.

In another aspect, due to the various interference and traffic conditions, it requires UE specific CSI-RS configuration. In new radio interface, subframe duration could be shorted, for example 0.25 ms, and then it can provide fast CSI reporting to track channel variation. In very low speed user, for example 3 km/h, the CSI-RS period can be sparse. When the mobile speed is reaching 60km/h, it is necessary to set dense CSI-RS transmission period. Moreover, for cell edge user, the interference will be changed sharply, while for cell center user, the interference will be changed relatively slowly. Then it possibly requires different CSI-RS/ZP-CSI-RS measurement period for different scenarios.
Sub-band specific CSI-RS/ZP-CSI-RS configuration provides the flexibility to monitor different channel variation status or interference variation status. It not only enables network to monitor CSI status of different UE, but also provide one possibility to measure different subands CSI with different CSI-RS/ZP-CSI-RS period for one UE. The latter is beneficial to get one matched CSI-RS period for multiple CSI-RS periodicity. Of course, suband specific CSI-RS configuration may require subband specific CSI reporting. Different from LTE, this subband CSI reporting is based on subband CSI-RS configuration.

Though different CSI-RS time period is one main application method for subband specific CSI-RS configuration. Actually it is natural to extend different frequency density to measure CSI.
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                             Figure 3. Sub-band specific CSI-RS with different CSI-RS period

Observation 1: When large bandwidth is applied, sub-band specific CSI-RS/ZP-CSI-RS configuration for one UE is feasible to avoid full bandwidth CSI monitoring. 
Observation 2: In order to better track UE channel or interference variation, configuring different CSI-RS/ZP-CSI-RS time or frequency density in different sub-band is beneficial to system operation. 

Proposal 4: Support sub-band specific CSI-RS/ZP-CSI-RS configuration, and UE can be configured with sub-band specific CSI measurement and reporting.

· For different sub-bands, CSI-RS/ZP-CSI-RS time and/or frequency densities may be different.

6    Conclusions
In this contribution, shared CSI-RS resource sharing and sub-band specific CSI-RS configuration are proposed for new radio. Such configurations provide more flexibility and REs utilization efficiency for CSI-RS transmission. Overall proposals are summarized as:
Proposal 1: Periodic CSI-RS configuration should be supported in new radio interface.   
Proposal 2: Strive to use pattern based CSI-RS to support both aperiodic CSI-RS and semi-persistent CSI-RS transmission.
Proposal 3: Support multi-user shared CSI-RS resource configuration, where one CSI-RS resource can support multiple user CSI measurement, and different user can have different CSI measurement window.  

· UE needs to do rate matching based on shared CSI-RS resource pool.

· UE measurement window can be configured either with one shot or with periodic pattern. 

· Shared CSI-RS resource could be zero-power CSI-RS or non-zero-power CSI-RS.

Proposal 4: Support sub-band specific CSI-RS/ZP-CSI-RS configuration, and UE can be configured with sub-band specific CSI measurement and reporting.

· For different sub-bands, CSI-RS/ZP-CSI-RS time and/or frequency densities may be different.

References

[1]  RAN1 #86 meeting, Chairman's Notes RAN1#86 
[2] R1-1610268, “On the channel and interference estimation in NR”, Nokia, Alcatel-Lucent Shanghai Bell.

[3] R1-1610266, “On the CSI reporting in NR”, Nokia, Alcatel-Lucent Shanghai Bell.
[image: image1]