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1 Introduction
In the last meeting, the following agreements on the interference measurement are achieved [1]:  

· 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 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 A unified RS configuration framework for interference measurement
3.1 Pre-scheduling based 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.
3.2 A unified RS configuration framework for interference measurement
In LTE system, ZP CSI-RS can be configured for UE to measure interference. The received signal on the ZP CSI-RS resource can accurately reflect the inference information caused to this UE. Therefore, ZP CSI-RS should be supported in NR for interference measurement.
However, if only ZP CSI-RS is supported for interference measurement, the overhead of ZP CSI-RS can be very large. For example, 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 from UE1 and UE2, UE1 has to be configured with two ZP CSI-RS resources. One ZP CSI-RS resource is aligned with the NZP CSI-RS of UE2, and the other ZP CSI-RS resource is aligned with the NZP CSI-RS of UE3. As the number of pairing UEs increases, the overhead of ZP CSI-RS will increase significantly. If further considering that in each PRB pair, the MU paring UEs are different, then 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. 
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Figure 3 ZP CSI-RS based interference measurement

To handle this overhead issue, NZP CSI-RS is a good option. 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. When the interference is weak, both the channel estimation and the interference estimation are accurate. Therefore, NZP CSI-RS should be supported in NR for interference measurement. However, when the interference on the NZP CSI-RS is strong, the channel estimation accuracy will suffer from it. 

To enable the flexible trade-off between the RS overhead and interference reduction, a joint usage of ZP CSI-RS and NZP CSI-RS is proposed. To facilitate the joint usage, a RS pool shared for channel and interference measurement can be configured. An example is 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.

This joint usage of ZP CSI-RS and NZP CSI-RS provides a unified RS framework for interference measurement. By “unified”, we mean that this joint usage of NZP CSI-RS and ZP CSI-RS scheme can fallback to pure ZP CSI-RS scheme or pure NZP CSI-RS scheme. This fallback can be achieved by a flexible configuration of the ratio of NZP CSI-RS resource to ZP CSI-RS resource by gNB. For example, for TDD systems with full reciprocity, the configured ZP/NZP CSI-RS can be used for purpose of interference measurement only, since the channel measurement can be based on SRS. In this case, pure ZP CSI-RS can be configured if all the interference are strong, and pure NZP CSI_RS can be configured if all the interference are weak. For FDD systems, although NZP CSI-RS needs to be configured for channel measurement anyway, the related measurement behavior can be configured differently for different cases. For example, if all the interference can be captured by ZP CSI-RS, then the configured NZP CSI-RS are used for channel measurement only; if not, then the configured NZP can be used for both channel and interference measurement. In the former case, the joint usage of ZP and NZP CSI-RS falls back to pure ZP CSI-RS for interference measurement. For other general cases where both ZP and NZP are used for interference measurement, more ZP CSI-RS can be configured to avoid the channel estimation accuracy degradation when interference is strong, and gNB can configure more UEs to be multiplexed with the same NZP CSI-RS resource when the inference is relatively weak. By allowing a configurable ratio, a flexible trade-off between RS overhead and interference reduction can be achieved.For pre-schedling, the RS for interference measurement can be configured through two level signalling. The first level signalling is higher layer signalling which configures the RS resource pool consisting of both NZP CSI-RS and ZP CSI-RS. And L1 signalling further inform UE which resources are NZP CSI-RS and ZP CSI-RS within the RS resource pool.
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Figure 4 .Joint usage of ZP CSI-RS and NZP CSI-RS for interference measurement
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Figure 5 Unified RS resource pool
Proposal 3: NR supports at least NZP CSI-RS and ZP CSI-RS for interference measurements.
Proposal 4: NR supports configurable joint usage of ZP CSI-RS and NZP CSI-RS to provide a unified framework for interference measurement. 
Proposal 5: Higher layer configures the RS resource pool consisting of both NZP CSI-RS and ZP CSI-RS, and the L1 signalling further inform UE which resources are NZP CSI-RS and ZP CSI-RS within the RS resource pool. 
4. 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 configuration information can be acquired at UE in an explicit or implicit way, but the latter is more preferred considering the constraint on signaling 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 6: NR supports DM-RS for interference measurement.
4 Conclusion

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

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: NR supports at least NZP CSI-RS and ZP CSI-RS for interference measurements.
Proposal 4: NR supports configurable joint usage of ZP CSI-RS and NZP CSI-RS to provide a unified framework for interference measurement.

Proposal 5: Higher layer configures the RS resource pool consisting of both NZP CSI-RS and ZP CSI-RS, and the L1 signaling further inform UE which resources are NZP CSI-RS and ZP CSI-RS within the RS resource pool. 

Proposal 6: NR supports DM-RS for interference measurement.
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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 
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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


6

RS resource pool
NZP CSI-RS
ZP CSI-RS
Pure 
ZP CSI-RS
Hybrid NZP and
ZP CSI-RS
Pure 
NZP CSI-RS



Config 1
Config 2
Config 3









_1547820955.unknown

_1547820956.unknown

_1547820953.vsd
�

slot0


slot1


subframe


slot0


slot1


subframe


slot0


slot1


subframe


PRB 0


PRB 1


PRB 2


ZP CSI-RS config 0


NZP CSI-RS of UE1


NZP CSI-RS of UE2


NZP CSI-RS of UE3


ZP CSI-RS config 1


IMR for UE1



