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1 Introduction
In NR, the accuracy of CSI is becoming increasingly important when the dimension of antenna array scales up. Higher resolution precoder feedback for channel part has been adopted in LTE, interference measurement as a crucial factor to account for the channel quality should also be enhanced to boost the system performance in NR. The agreements on the interference measurement of last meeting are as follows [1]  

Agreements:

· NR supports CSI calculation based on one-shot measurement of interference.

· For one-shot interference measurement, study at least one of the following alternatives:

· Alt1. Dynamic indication of aperiodic IMR.

· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.

· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.

· Other alternatives are not precluded

· Note that the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, a hybrid of ZP/NZP CSI-RS, DM-RS, etc.) is a separate topic

· Note that the connection of the above alternative(s) with measurement setting is a separate topic
In this contribution, we will present our views on the interference measurement for CSI acquisition according to the above options.

2 Discussion on the definition of IMR
In LTE, the definition of IMR is the type of CSI-RS used for interference measurement and only ZP CSI-RS is supported. However, if NZP CSI-RS is to be supported in NR, the definition of IMR using ZP-CSI-RS is insufficient. For example, when NZP CSI-RS is used for interference measurement, UE should remove the estimated signal part from the received signal to get the interference estimation. When ZP CSI-RS is applied, UE can estimate interference directly from the received signal. If a hybrid of ZP/NZP CSI-RS is used, UE needs to add up the interference estimated from both ZP CSI-RS and NZP CSI-RS to get the total interference [2].
Therefore, UE behavior will be different when different types of CSI-RS is used for interference measurement. Thus, the definition of IMR should be revisited for multiple types of CSI-RS and define associated UE behavior, so that UE can estimate the interference accordingly. 
Proposal 1: The definition of IMR in NR shall consider multiple types of CSI-RS for interference measurement and define associated UE measurement behavior accordingly. 
3 Discussion on the pre-scheduled interference measurement 
As it is known, the fluctuation of interference varies very fast across both frequency domain and time domain especially for burst buffer traffic. 
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Figure 1 Interference variation across time domain 
In the legacy CSI measurement mechanism, the measured interference at the CSI measurement instance can be quite different from the interference condition at the scheduling instance. In Figure 2, the measured interference for UE1 comes from UE3 at the measurement instance. However the realistic interfering UE is UE2 at the scheduling instance for UE1. Given that, the reported CSI can not reflect the real channel condition to aid the eNB to perform proper link adaptation. As a consequence, it will lead to the performance degradation. 
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Figure 2.interference misalignment in legacy system

Therefore, it drives to develop a more accurate interference measurement mechanism which aims to reflect the real interference that the UE experiences when being scheduled. 

Pre-scheduling is the technique that aligns the transmission of all UEs’ signal to mimic the scheduling in the subframe prior to actually being scheduled. It provides the possibility that the UE can obtain the interference in advance that the UE will suffer in the subsequent subframe to be actually scheduled. Therefore, the CSI can reflect the real interference that scheduled PDSCH experiences. To measure the real interference based on pre-scheduling, dynamic indication of aperiodic IMR for interference measurement should be supported in NR.

Proposal 2: Dynamic indication of aperiodic IMR for interference measurement should be supported.
 To enable pre-scheduling, the design of reference signal for interference measurement is very critical. The following types of RS have been agreed as the options for pre-scheduled interference measurement 

· Pre-scheduled interference measurement resource

· NZP CSI-RS based interference measurement

· DM-RS based interference measurement
· Combination of above options
· Legacy ZP CSI-RS based interference measurement

As the MU pairing is dynamic and the interfering UE changes dramatically. If ZP CSI-RS is used to measure the interference for dynamic changed interfering UE’s interference, one UE has to be dynamically configured with multiple ZP CSI-RS to capture different paring UE’s channel. As shown in Figure 3, to capture the interference of the interfering UE, the ZP CSI-RS of one UE should be aligned with the NZP CSI-RS for the MU paring UE. Nevertheless, the time and frequency resource of NZP CSI-RS for each UE should be avoided to collide. If further considering in each PRB pair, the MU paring UEs are different. The corresponding ZP CSI-RS of one UE will vary across different PRB pairs. It will increase the UE measurement complexity and additional signalling overhead to inform the ZP CSI-RS resources. Above all, the overhead of ZP CSI-RS will increase significantly as the MU paring UEs increases. 
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Figure 3 ZP CSI-RS based interference measurement

Observation 1: legacy ZP CSI-RS based interference measurement for pre-scheduling lead to significant overhead.
Based on this, we propose to use NZP RS for interference measurement. Saving the overhead is one important motivation to introduce the interference measurement based on the NZP CSI-RS.

·  NZP CSI-RS based interference measurement

In the sense of keeping low overhead, all UE’s NZP CSI-RS may be aligned in the same resource. Each UE acquires the channel information based on the channel estimation and then subtract it with the received signal to get the interference information. However, when the interference on the NZP CSI-RS may be strong, the channel estimation accuracy will suffer from it. 

Observation 2: NZP CSI-RS based interference measurement for pre-scheduling can save the overhead, but there may be some impact on channel estimation.
·  Hybrid NZP CSI-RS and ZP CSI-RS based interference measurement
To enable the flexible trade off between the RS overhead and interference reduction, a RS pool shared for channel and interference measurement are proposed. As show in Figure 4, a RS resource pool comprising of port 0~port 3 is configured for both channel and interference measurement. For UE1, it suffers the interference coming from UE2 and UE3. The interference includes the strong interference from UE2 and the week interference from UE3.To avoid suffering from the strong interference from UE2, the ZP CSI-RS of UE2 is configured with the same resources of NZP CSI-RS for UE 1. On the contrary, the NZP CSI-RS can share the same resource between UE1 and UE3 as the interference between them are weak interference. Given that, NZP CSI-RS of port 0 within this RS resource pool is configured for channel estimation for UE1.The whole RS resource pool comprising both NZP and ZP CSI-RS is used for interference measurement for acquiring the interference from UE2 and UE3. Hybrid NZP CSI-RS and ZP CSI-RS based interference measurement can exploit the benefits of both NZP CSI-RS based and ZP CSI-RS based interference measurement mechanism. It provides better flexibility for RS overhead control and channel measurement accuracy. A resource pool consisting of NZP CSI-RS and ZP CSI-RS is configured and the NZP CSI-RS within the resource pool can then be indicated for both channel measurement and interference measurement. eNB can flexibly configure the ratio of NZP CSI-RS resource to ZP CSI-RS resource within the resource pool according to the deployment scenario and channel condition. When the interference is in a poor condition, more ZP CSI-RS will be configured to avoid the channel estimation accuracy degradation. Vice verse, it allows more UEs to be multiplexed with the same NZP CSI-RS resource when the inference is relatively weak. In this case, the RS overhead can be correspondingly reduced. The flexible configuration of the ratio can achieve that the resources of the pool is either all NZP CSI-RS or all ZP CSI-RS. Thus, this hybrid NZP CSI-RS and ZP CSI-RS is a unified design can fallback to ZP CSI-RS based interference measurement and NZP CSI-RS based interference measurement.
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Figure 4 Multiplexing of ports for concentrated mapping of NR CSI-RS

Proposal 3: The hybrid NZP CSI-RS and ZP CSI-RS based interference measurements should be supported.
Proposal 4: For hybrid NZP CSI-RS and ZP CSI-RS based interference measurements, the resource pool incorporating both NZP CSI-RS and ZP CSI-RS should be configured, for example by configuring the ratio of NZP CSI-RS resource to ZP CSI-RS resource within the resource pool. ,.
· DMRS based interference measurement

In NR, multi-user interference generates larger impact on the reliability of UE data demodulation with more users co-scheduled and spatially multiplexed. To guarantee more reliability in data demodulation, DM-RS can be used to accurately measure and suppress interference resulting from co-scheduled users. In addition, without any extra RS configuration, accurate MU-CQI can be potentially obtained with channels state information measured by DM-RS, which can be reported to enhance link adaption.
In practice, to support the aforementioned interference measurement scheme, a given UE should have the knowledge of necessary DMRS configuration information of the related co-scheduled UE(s) during the time interval of interference measurement, which may include co-scheduled:

· Port indexes of the related co-scheduled UE(s)

· Related DM-RS initialization parameters (scramble ID/Cell ID/T/F mapping position etc.) 

The challenge of the DMRS-based interference measurement is the potential massive signalling overhead for the indication of the configuration information mentioned above. More concretely, the configuration information can be acquired at UE in an explicit or implicit way, but the latter is more preferred considering the constraint on signalling overhead, especially for larger scale of MU-MIMO. For example, implicit method can be performed by using a pre-defined configuration rule and a few key configuration parameters to imply the full set DMRS configuration information of co-scheduled UEs. To further reduce the indication overhead, group based DM-RS interference measurement scheme can be considered. In the scheme, the scheduled UEs can be divided into several groups based on some principles, e.g., UE location. For interference measurement purposes, network needs only notify each UE about the port(s) initialization parameters that are assigned to co-schedule UEs within the corresponding group.

Proposal 5: NR should support DM-RS based interference measurement in NR to enhance data demodulation and link adaptation.
4 Conclusion

From the above discussion, we have the following observations and proposals:

Observation 1: ZP CSI-RS based interference measurement for pre-scheduling leads to significant RS overhead.

Observation 2: NZP CSI-RS based interference measurement for pre-scheduling can save the overhead, but there may be some impact on channel estimation.

Proposal 1: The definition of IMR in NR shall consider multiple types of CSI-RS for interference measurement and define associated UE measurement behavior accordingly.

Proposal 2: Dynamic indication of aperiodic IMR for interference measurement should be supported.
Proposal 3: The hybrid NZP CSI-RS and ZP CSI-RS based interference measurements should be supported.
Proposal 4: For hybrid NZP CSI-RS and ZP CSI-RS based interference measurements, the resource pool incorporating both NZP CSI-RS and ZP CSI-RS should be configured, for example by configuring the ratio of NZP CSI-RS resource to ZP CSI-RS resource within the resource pool. ,.
Proposal 5: NR should support DM-RS based interference measurement in NR to enhance data demodulation and link adaptation.
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Appendix I 

Simulation assumption

	Parameter
	Value

	Scenario
	UMa with 500 ISD and 2GHz

	Antenna 
configuration
	4 antenna, X-polarized: 45/-45 degrees

	
	2 Rx at UE with 
[image: image5.wmf]0.5

l

spacing
X-polarized: 0/+90 degrees

	
	2D antenna pattern defined in TR36.814

	UE 
configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on floor

	SRS configuraton
	2Tx at UE with
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l

spacing
X-polarized: 0/+90 degrees

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	PF

	Number of UEs per cell
	10

	traffic model
	Burst buffer

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank2 adaptation
Max paired UE number: 2

	Receiver
	Ideal channel estimation

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 1ms 

	
	Feedback delay is 1ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3dB
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