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1. Introduction
In the RAN1 NR Ad-Hoc meeting, the following agreements on interference measurement were achieved [1]:
Agreements:
· For NR, support at least two types of resources used for interference measurement in CSI configuration based on the following candidates:
· ZP CSI-RS, NZP CSI-RS, DMRS
· Including independent or joint usage of any combination of the above three candidates
· Selection is to be done in RAN1#88

In this contribution, we provide some discussion on IMR design for NR.
2. Discussion on interference measurement
2.1 ZP CSI-RS
In LTE, the IMR has been introduced to allow interference measurements on the predetermined resources configured for the UE. The IMR resource in LTE is based on the periodic zero-power CSI-RS (ZP CSI-RS).
The interference measurement resource should allow the UE to capture the interference characteristics. In NR, the ZP CSI-RS could be used in the similar manner with that in LTE, especially, for inter-cell interference measurement. It can be easily supported by zero-power transmission (no transmission) on the REs allocated for the interference measurement. Consequently, the UE can utilize the corresponding REs to estimate the inter-cell interference which corresponds to PDSCH transmission of the neighbouring TRPs. The considered approach is suitable for the conventional inter-cell interference measurement, and it causes relatively low overhead.
It should be noted that periodic IMR transmission for intra-cell interference measurement may be inefficient in case of MU-MIMO. For example, due to dynamic scheduling decision for MU-MIMO, the intra-cell interference realization for CSI could be dynamic. For one UE which is measuring interference on one ZP CSI-RS based resource, some other UEs without data transmission at the instance of interference measurement might send data at the instance of scheduled transmission. It leads to the interference which is not reflected on the result of interference measurement. In this case, the interference measurement based on the semi-statically configured periodic ZP CSI-RS may not be helpful enough to accurately estimate intra-cell interference from different UEs. Thus, the corresponding CSI reporting may not be able to reflect the real channel condition, which degrades the performance of link adaptation.
The issue can be solved by considering larger number UE-specific IMR configurations. In addition, to reduce the collision of the IMR resource between the UEs, aperiodic mechanism to indicate IMR resource should be considered. For example, Figure 1 shows the possible arrangement of IMR resources for different UEs in a given slot. It is assumed that the serving TRP by using dynamic resource indication mechanism can avoid the collisions of UE-specific ZP CSI-RS based IMRs as much as possible to provide more accurate interference measurements. In this case it is feasible to estimate the intra-cell interference using the ZP CSI-RS based IMR framework. 


Figure 1. UE-specific configuration of IMR for intra-cell interference measurements 
Proposal 1: ZP CSI-RS based IMR should be used for inter-cell interference measurement in NR. ZP CSI-RS can be also used for intra-cell interference measurements, but large number of IMR resources and dynamic IMR resource indication should be considered for NR.
2.2 NZP CSI-RS
Another possible way of intra-cell interference measurement in the scenario of MU-MIMO is to utilize UE-specific non-zero-power CSI-RS (NZP CSI-RS) in IMR, where the TRP can estimate the interference from the co-scheduled UEs on the corresponding NZP CSI-RS. That is, the TRP can get interference caused by the combination of any paired UEs with beam-formed CSI-RS transmission.
There might be two options to enable NZP CSI-RS based IMR operation as described below.
Option A: The UE acquires the CSI from the serving TRP based on the one-shot CSI-RS transmission. It is assumed that NZP CSI-RS of all scheduled UE are colliding with each other.  The transmitted UE-specific NZP CSI-RS is used for both channel and interference measurements. That is, the UE performs channel estimation and then subtracts the estimation of received desired signal from the whole received signal to accomplish the intra-cell and inter-cell interference measurement. The interference caused by all other paired UEs; the paired UEs’ NZP CSI-RS’s are accounted as intra-cell interference. In general, since the NZP CSI-RS is used for interference measurement it requires higher density of NZP CSI-RS as described in link-level evaluation in Section 3.

Option B: In order to keep CSI-RS density low, the other solution for intra-cell interference measurements using NZP CSI-RS is based on channel estimation of the NZP CSI-RS of other UE and interference emulation. In this approach the UE can use the NZP CSI-RS transmitted to other UEs to estimate the channel, denoted as . Then the UE can obtain the intra-cell interference from given UE as , where  is the transpose conjugate operation. With this approach, it is possible to construct at the UE different possible combinations of the intra-cell interference by combining different . In principle, the approach doesn’t require high density of NZP CSI-RS.

The TRP could provide the UE with the configuration of paired UEs whose interference should be measured at and reported from the desired UE. The UE can report as many CQI combinations as possible. Compared with Option A, the TRP can obtain much more MU-MIMO CQI information with this approach. However, how to inform the UE of paired UEs’ CSI-RS configuration should be a further studied item in Option B.
Proposal 2: NZP CSI-RS could be used for the intra-cell interference measurement in the scenario of MU-MIMO. Consider the two options for intra-cell interference measurement using colliding NZP CSI-RS and NZP CIS-RS with interference emulation.
2.3 DM-RS
The other approach for intra-cell interference measurement is to use the DM-RS. Since the DM-RS is UE specific, it can also provide some CQI information based on the scheduled PDSCH transmission. However, since the DM-RS is always transmitted together with the data, the CQI information is limited only to the PDSCH. It is not flexible enough to provide interference information for the wide band.
3. Performance Evaluation
The required density of NZP CSI-RS used for interference measurements is one of the open issues. More specifically, Option A described in Section 2.2 in general case would require higher CSI-RS density comparing to other interference measurement approaches. To evaluate the PDSCH spectral efficiency performance for a variety of CSI-RS densities a link level simulation were carried out and results are presented in Figure 2. The spectral efficiency curves were obtained for NR with link adaptation. MCS was selected based on the CQI calculated using channel and interference measurements obtained on NZP CSI-RS. The CSI-RS density in the legend is defined per port, per PRB. The feedback mode 3-1 through the PUSCH is adopted in the evaluation. The other simulation assumptions are described in Appendix.
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Figure 2: Spectral efficiency in PDSCH with link adaptation for a variety of NZP CSI-RS density
It can be seen from Figure 1, that CSI-RS density of 6-12 REs/PRB provides reasonable performance of PDSCH. The observations from Figure 1 are as following.
Observations:
· CSI-RS density of 12 REs/PRB achieves satisfactory spectral efficiency with tolerable performance degradation in comparison to perfect SINR estimation.
· CSI-RS density of 6 REs/PRB exhibits tolerable performance degradation in spectrum efficiency, in particular, in high and medium SINR regimes; it shows considerable performance degradation in the low SINR regime, in comparison to the CSI-RS density of 12 REs/PRB.
· CSI-RS density of 8 REs/PRB shows negligible performance degradation in spectrum efficiency in the whole SINR region, in comparison to the CSI-RS density of 12 REs/PRB.
4. Conclusions
In this contribution, we have discussed the IMR design in NR. The proposals along with observations are listed as below:
Observations:
In NZP CSI-RS based one-shot interference measurement,
· CSI-RS density of 12 REs/PRB achieves satisfactory spectral efficiency with tolerable performance degradation in comparison to perfect SINR estimation;
· CSI-RS density of 6 REs/PRB exhibits tolerable performance degradation in spectrum efficiency, in particular, in high and medium SINR regimes; it shows considerable performance degradation in the low SINR regime, in comparison to the CSI-RS density of 12 REs/PRB;
· CSI-RS density of 8 REs/PRB shows negligible performance degradation in spectrum efficiency in the whole SINR region, in comparison to the CSI-RS density of 12 REs/PRB.
Proposal 1: ZP CSI-RS based IMR should be used for inter-cell interference measurement in NR. ZP CSI-RS can be also used for intra-cell interference measurements, but large number of IMR resources and dynamic IMR resource indication should be considered for NR.
Proposal 2: NZP CSI-RS could be used for the intra-cell interference measurement in the scenario of MU-MIMO. Consider the two options for intra-cell interference measurement using colliding NZP CSI-RS and NZP CIS-RS with interference emulation.
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Appendix
Appendix 1. Simulation Assumptions


	Configuration
	Comments

	Scenario
	Throughput with link adaptation; CQI reporting based on NZP CSI-RS

	Transmission mode
	DM-RS based

	MIMO configuration
	2x2 MIMO, rank-1 transmission (AP 7)

	Codewords
	1 codeword

	PRBs
	8/subframe

	Max. TBS_L1
	5160 (for each and every subframe)

	Achievable throughput
	5.16 Mbps (8 PRBs per subframe)

	Frame structure
	Type-1 (FDD)

	Feedback mode
	3-1 (WB/SB-CQI, best-M SB, WB-PMI through PUSCH)

	PRB bundling
	4-PRB bundling only for channel estimation in one-shot CQI measurement

	Number of PDCCH symbols
	1

	CSI-RS configuration
	1 (APs 15 - 16)

	CSI-RS density
	12 REs, 8 REs, 6REs, 4REs, 2 REs (LTE) for each port in a PRB (length-2 OCC)

	CSI-RS subframe configuration
	0 (5 ms periodicity, first and sixth subframes in each radio frame)

	Channel
	ETU-5Hz
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