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Introduction
In 3GPP RAN1#71, a new study item on ‘New Radio Access Technology (RAT)’ was approved targeting single technical framework for eMBB (enhanced mobile broadband), mMTC (massive machine type communication) and URLLC (ultra-reliable low-latency communications) [1]. When we design channel and interference measurement for NR, such multiplexing of different services should be considered. In this contribution, we discuss about channel and interference measurement for NR.
Channel measurement for NR
In Rel-8 LTE, only data transmission and broadcasting service were discussed as usage scenarios. Therefore, all time and frequency resources are regarded as resources for data transmission except some preconfigured resources for broadcasting services. Considering such aspects, CRS is designed as always-on RS in both time and frequency domain. Considering such characteristic of CRS, wideband CSI reporting and subband CSI reporting which cover whole system bandwidth were specified. In Rel-9, CSI-RS is introduced and provided more flexibility since the network can configure its RE position, periodicity and time domain offset. In addition to Rel-9 CSI-RS design, additional flexibility which is called as MR (measurement restriction). Via MR, UE can measure its channel and interference based on one-shot CSI-RS and CSI-IM. Although such flexibility was provided by MR, the wideband and periodic transmission of CSI-RS is basically not changed. However, the situation is changed for MR since multiple services can be flexibly multiplexed. It should be noted that each service has different requirement for channel measurement and thus required information and necessity of update can be different for each service.
A possible approach for channel measurement is hybrid utilization of wideband CSI-RS and subband CSI-RS. Figure 1 shows an example operation of hybrid measurement for multiplexed services in NR.
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Figure 1 Hybrid CSI-RS transmission for multiplexed services in NR
In order to acquire initial channel information, wideband or multiple subband CSI-RS can be used at the initial stage. However, after acquiring initial information, channel measurement doesn’t need to be wideband. As mentioned above, required information and necessity of update can be different for each service. Therefore, wideband transmission of CSI-RS for whole services will induce RS redundancy without any performance improvement. Considering such aspects, service optimized subband CSI-RS transmission and corresponding CSI should be a default operation for channel measurement and this will provide efficient utilization of RS resource overhead. In addition to RS transmission for each service, the subband CSI-RS should allow measurement with different beams and different TRPs in frequency domain. Such partial RB transmission of CSI-RS will provide efficient RS overhead and high system performance for beamforming and CoMP.
For CSI reporting, service optimized CSI should be considered. For example, UE may need to support different CQI for URLLC since the reliability requirements of URLLC is different. If we follow LTE reliability principle for eMBB, target BLER is 10%. However, URLLC service should provide higher reliability than eMBB and therefore, CQI which is targeted to 10% BLER would not be adequate. Considering such aspects, different CQI selection may need to be considered. In addition to target reliability, different CQI table and rank restriction may need to be considered for URLLC service. With high rank transmission and higher modulation (256QAM and 1024QAM), transmission with higher reliability cannot be achieved. Considering such aspects, service optimized restriction may be considered.
Observation: 
· Frequent wideband CSI-RS transmission which is not optimized for multiplexed service should be avoided for NR channel measurement.
Proposals: 
· Multiplexed services in single technical framework should be considered for the design of channel measurement in NR.
· Subband CSI-RS transmission for different beams and TRPs should be considered for the design of channel measurement in NR.
· Hybrid transmission of wideband CSI-RS and subband CSI-RS is proposed to provide efficient utilization of CSI-RS.
· Service optimized CSI should be considered to support efficient transmission of each service.
Interference measurement for NR
A number of interference coordination schemes are also supported for LTE. For interference coordination between macro cells, frequency domain interference coordination is proposed in Rel-8 ICIC(inter-cell interference coordination). In ICIC, RNTP (relative narrowband transmit power), HII (high interference indicator), OI (overload indicator) provide incoming or outgoing interference information on both downlink and uplink interference information to other cells via X2 interface. In contrast to homogeneous scenario of ICIC, Rel-10 eICIC (enhanced ICIC) is designed for heterogeneous scenario. Key functionalities of eICIC are ABS (almost blank subframe) and CRE (cell range expansion). Since interference from macro cell has relatively high power, ABS and CRE has benefits on the capacity and coverage of small cells. Considering different interference hypothesis between normal subframe and ABS, necessity of separate CSI reporting is induced and thus subframe subset has been introduced. In Rel-12 eIMTA (enhanced interference mitigation and traffic adaptation), dynamic adaptation of TDD UL-DL configuration is proposed. In order to measure different interference hypothesis between DL only subframe and subframe which can provide dynamic direction change, enhanced subframe subset with additional IMR is introduced.
Regarding the above interference coordination schemes, a common characteristic of LTE interference coordination schemes is separate interference measurement and corresponding information for different interference hypothesis. This design principle can be applied to NR for interference measurement.
In Figure 2, exemplary interference scenario for NR is illustrated.
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Figure 2 Exemplary interference scenario in NR
Main difference of interference between LTE and NR would be domain for interference hypothesis change. While interference hypothesis only changes in time domain in LTE (e.g. eICIC, eIMTA and FD-MIMO), interference hypothesis in NR may change in both time and frequency domain. Therefore, independent measurement and information for both time and frequency would be required. One possible approach to provide such measurement and information is supporting subset or restriction on interference in the frequency domain.
Observations: 
· In LTE, independent interference measurement and information reporting were supported for different interference hypothesis. 
· Principle of separate interference measurement can be applied to NR for interference measurement.
Proposal: 
· Provide independent interference measurement and information in frequency domain (e.g. measurement subset or measurement restriction in the frequency domain).
Conclusions
In this contribution, channel and interference measurement for NR is discussed considering multiplexing of services. Based on the discussions, the following observations and proposals are provided:
Observations: 
· Frequent wideband CSI-RS transmission which is not optimized for multiplexed service should be avoided for NR channel measurement.
· In LTE, independent interference measurement and information reporting were supported for different interference hypothesis. 
· Principle of separate interference measurement can be applied to NR for interference measurement.
Proposals: 
· Multiplexed services in single technical framework should be considered for the design of channel measurement in NR. 
· Subband CSI-RS transmission for different beams and TRPs should be considered for the design of channel measurement in NR.
· Hybrid transmission of wideband CSI-RS and subband CSI-RS is proposed to provide efficient utilization of CSI-RS.
· Service optimized CSI should be considered to support efficient transmission of each service.
· Provide independent interference measurement and information in frequency domain (e.g. measurement subset or measurement restriction in the frequency domain).
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