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1 Introduction
At the previous meeting (RAN1#87), the following agreements were achieved [1]
· NR supports both semi-static and dynamic network coordination schemes
· Study interference measurement details
· Including aspects related to measurement sets
· The network coordination schemes should consider at least the following schemes:
· DPS/DPB
· CS/CB
· Non-coherent JT
· Coherent JT
· eICIC
· Whether each scheme requires specification support or not is FFS
And also agreed following issues,
· Aim for a common framework for CSI measurement and reporting for different types of coordinated transmission schemes

· Study whether or not to have the assumption/indication of interference hypothesis

In this contribution, we discuss details for interference measurement in coordinated transmission schemes and interference hypothesis indication. Then, we discuss a possible common framework for CSI measurement and reporting for different types of coordinated transmission schemes. 
2 Discussions on Interference Measurement  
2.1 Details on interference measurement
Regarding interference measurement resources, interferences can be categorized into two types: type A and type B. Type A interference measurement utilizes NZP CSI-RS resources. Type B interference measurement utilizes ZP CSI-RS resources.  Figure 1 shows an example of JT and two different interference types. 
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Figure 1. Interference types in coordinated transmission

The advantage of using NZP CSI-RS to measure interference is that with a channel matrix measured by reference signals, various precoding matrices can be matched to the channel matrix, which leads to different interferences.  
· NZP CSI-RS can be used to measure inter-layer interference. Inter-layer interference corresponds to the interference from the coordinated TRP in the transmission set. Also, NZP CSI-RS can be used to measure the interferences from coordinated TRP outside the transmission set.  
· ZP CSI-RS can be used to measure interference as in the current LTE specification. ZP CSI-RS can be used to measure the interferences from the coordinated TRP outside the transmission set. ZP CSI-RS can also be used to measure the interference from non-coordinated TRPs. 
· 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. TRP 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. More details can be found in our companion contribution [2].
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Figure 2. Interference measurement resources
Observation: Interference measurement can use different RS resources and it is related to transmission set and measurement set in coordinated transmission schemes.
2.2 Interference Hypothesis Indication 
Interference hypothesis stands for a coordinated scenario, where determined TRP(s) is (are) in transmission set, and an interference measurement way is determined for other interference TRPs. On one hand, interference hypothesis indicates which TRP is interference to a served UE. Note that the size of measurement set can be a pre-defined number, and the size of the transmission set can also be pre-defined to save signalling overhead. Which TRP is included in transmission set is to be determined by interference hypothesis. 
On the other hand, interference hypothesis indicates how to measure the interference. If NZP CSI-RS is utilized for interference measurement, different choices on precoding matrix selection would result in different interference measurement results. The inter-layer interference is precoded to the served UE by coordinated TRP, such as in NCJT. In this case, the precoding matrix for the strongest inter-layer interference is chosen and is noted by Wmax. Other possibilities to choose precoding matrix when measuring interference include: weakest interference with Wmin; Non-precoded interference with Wunitary, etc. 

When transmission set 1 and set 2 are two possible selections for NCJT as shown in Figure 3, interference hypotheses for set 1 are shown in Table 1.

Table 1   Interference hypothesis example for the set 1 in Figure 3
	
	
	TRP1
	TRP2
	TRP3
	TRP4
	TRP5

	Interference hypothesis 1
	Usage
	Channel
	Interference 
	Interference

	
	Resource
	NZP CSI-RS1
	NZP CSI-RS2: 
	ZP CSI-RS

	Interference hypothesis 2
	Usage
	Interference
	Channel
	Interference

	
	Resource
	NZP CSI-RS1
	NZP CSI-RS2
	ZP CSI-RS


In Table 1, interference hypothesis 1 is used to measure CQI1 for TRP1 when TRP2 to TRP5 are performing interferences to the served UE, among which TRP2 is a possible source of inter-layer interference and it can be measured by NZP CSI-RS resource. Two NZP CSI-RS resources are configured to measure TRP1 and TRP2 respectively, but one is for channel measurement, and the other is for interference measurement with precoding matrix Wmax. One ZP CSI-RS resource is configured to measure all other interferences from all other TRPs. Similar interference hypothesis 2 will result in the CQI2 for TRP2 when other TRPs are interferences, among which TRP1 is a source of inter-layer interference and it can be configured with NZP CSI-RS. By the two interference hypotheses, two CQIs for the candidate transmission set 1 are obtained. 
One CQI corresponds to one interference hypothesis, so that multiple interference hypotheses will result in multiple CSI reports to assist scheduling in coordinated transmission schemes. However, if each interference hypothesis needs an indication, too much signalling overhead for interference hypothesis would be a burden to an UE. A reasonable number of interference hypotheses, or a flexible signalling method would ease the burden. Such as one interference hypothesis indication resulting in multiple interference hypotheses is a possible approach to save signalling overhead. 
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Figure 3. Interference hypotheses possibilities
Proposal 1: Multiple interference hypothesis indications and measurements should be supported for CSI measurement and reporting in NR.
3 Common Framework for CSI Measurement and Reporting 
To provide UE-cell-center-like experience, the coordinated transmission schemes (e.g. non-coherent JT, coherent JT, CS/CB, DPS/DPB, eICIC) could be adapted to varying channel and interference conditions experienced by the UE. With multiple and dynamically changing transmission schemes, it is reasonable to aim for a common CSI measurement and reporting framework, which may not be tightly linked to a specific coordinated transmission scheme and can thus be flexibly reused under various kinds of coordinated transmission schemes. 
Such a unified CSI measurement and reporting framework requires the ability to flexibly configure UEs with one or multiple CSI reports corresponding to one or multiple CSI-RS resources. For example, CSI-RS resources can be divided into multiple CSI-RS resource sets where each set can be mapped to a different set of TRPs and the mapping between CSI-RS resources and TRP/beams is transparent to the UEs. The UE can feedback multiple CSI reports in a unified manner where such CSI reports can be used to support one of multiple coordinated transmission schemes such as DPS, CB or non-coherent JT. 
Report on each CSI-RS resource set may consist of a single CSI report or multiple CSI reports, each of which corresponds to one or multiple CSI-RS resources. The one or multiple CSI-RS resources within the CSI-RS resource set may include one or multiple ports. How to bundle CSI-RS resources within each CSI-RS resource set for CSI reporting purposes may be UE-selected or network-configured. Each CSI report may include an identifier to identify the corresponding CSI-RS resources and/or CSI-RS resource set. In addition, the UE may feedback multiple CSI reports that can have different granularities, e.g. different quantization/frequency/temporal resolutions. 
Proposal 2: NR should support one or more CSI reports from a UE corresponding to one or multiple CSI-RS resources, where
· Multiple CSI reports can be configured with different granularities.
· One CSI-RS resource can be included within multiple CSI-RS resource sets, and one CSI-RS resource set can include one or multiple CSI-RS resources.
3.1 RS setting and IM setting 
The CSI measurement setting agreed in the previous meeting tries to decouple RS setting and IM setting. For coordinated transmission schemes, the choice of merging RS setting and IM setting is worth discussing. This is because correlation between RS setting and IM setting would reflect coordination between TRPs, which provides a simpler way to indicate multiple interference hypotheses for CSI measurement. 
If RS setting and IM setting are configured respectively, measurement in RS setting is treated as channel, and measurement in IM setting is treated as interference. In this way, a pair of RS setting and IM setting will result in one CQI. If one CSI measurement setting contains one pair of RS setting and IM setting, one CSI measurement setting will result in one CQI. However, two CSI measurement settings are not independent with each other; especially the two CSI measurement settings are configured for two coordinated TRPs respectively. It would happen that the RS setting in one measurement setting can be a part of another measurement setting’s IM setting and vice versa. Such as in NCJT shown in Figure 3, CSI measurement setting of TRP1 contains a RS setting which can be used as a part of the IM setting of TRP2. In this case, the configuration in table 1 seems to have redundant resource configuration in two interference hypotheses. 
RS setting and IM setting of one measurement setting can be merged into one. In this case, whether a resource is for channel measurement or interference measurement needs to be clarified. However, one CSI measurement setting with merged RS setting and IM setting will imply multiple interference hypotheses, which will result in multiple CQIs in one measurement setting with the same resources. 
Table 2   Interference hypothesis indication example for the set 1 in Figure 3
	
	TRP1
	TRP2
	TRP3
	TRP4
	TRP5

	Usage
	Channel/interference
	Channel/interference 
	Interference

	Resource
	NZP CSI-RS1
	NZP CSI-RS2
	ZP CSI-RS


The NZP CSI-RS1 measurement for TRP1 is channel for CQI1 but interference for CQI2. Similar situation happens when configuring NZP CSI-RS2 to measure CQI2 of TRP2. Thus, the NZP CSI-RS1 or NZP CSI-RS2 may not belong to either RS setting or IM setting if the interference hypothesis is not determined. If the RS setting and IM setting are merged, the merged setting could contain NZP CSI-RS1 and NZP CSI-RS2, which will result in two interference hypotheses, thus two CQIs within one CSI measurement setting. Table 2 is also signaling saved compared to Table 1.   
3.2  CSI reporting setting
3.2.1 CQI Calculation
One CQI calculation result is related to one interference hypothesis. Multiple CQIs are helpful to be reported to decide a most suitable interference hypothesis. One kind of resources may be used either for channel or for interference such as NZP CSI-RS. In this regard, interference can be derived by the measured channel result on the same RS resource.  
3.2.2 CSI Feedback
With the existing CSI feedback, CSI measurement results on configured measurement resources are to be reported. However, with a large measurement set, the CSI measurement results would increase. Less amount of CSI feedback may be a demand for coordinated transmission. For CSI reporting setting, the amount of CSI is a parameter needs determination. UE-assisted CSI reporting setting provides a possible solution: UE will determine how many CSIs will be reported. TRP is not needed to configure the number of CSIs in advance if not all of the measurement results will be reported. 
Proposal 3: Commonality in CSI measurement and reporting for different types of coordinated transmission schemes should consider at least followings:
· One CQI calculation result is related to one interference hypothesis.
· UE-assisted CSI reporting may let UE decide the number of CSI reports to have low feedback overhead.
3.3 CSI Measurement setting

When a UE is configured to a measurement set, there exists multiple candidate transmission sets, each of which consists of one or more TRPs within the measurement set. The CSI/interference of each candidate transmission set should be measured and part/whole of the measurement should be feedback in order to support the network’s scheduling decision, i.e. transmission set determination, link adaptation, etc.
In order to support flexible and efficient CSI/interference measurement and reporting for different candidate coordination schemes and multiple candidate transmission sets within a measurement set, the following design principles should be considered
· A few common interference measurement conditions as synthesis of different coordination schemes.
· A minimum feasible set of CSI-RS/IM resources to support a transmission set of different interference measurement conditions.
· Multiple CSI reports corresponding to the minimum feasible set of CSI-RS/IM resources of a transmission set according to specific interference measurement condition.
One suggested approach to achieve the above design principles is to involve multiple CSI-RS/IM resources within a CSI measurement setting, which may for example corresponds to a candidate transmission set, and allow multiple CSI reports corresponding to a CSI measurement setting and a specific interference measurement condition. Multiple CSI measurement settings can then be established, each of which may for example corresponds to a candidate transmission set. In this case, one or multiple sets of CSI reports are to be feedback in order to support the network’s scheduling decision, where each set of CSI reports corresponds to a CSI measurement setting.
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Figure 4. CSI related configuration within one CSI measurement setting
For example, as shown in Figure 4 where scheduling decisions should be made based on measurements of two candidate transmission sets for NCJT. For each candidate transmission set, two CSI-RS resources (e.g. resource A for TRP 1, and resource B for TRP 2, respectively), and three CSI-IM resources (e.g. NZP CSI-RS resources A and B, and ZP CSI-RS resource C) should be allocated. Note that the allocated NZP CSI-RS resources (resource A and resource B) can also be used for interference measurement, so the total number of allocated resources for CSI/interference measurement is reduced to three. In this regard, a measurement setting is created for each candidate transmission set, which includes one or more CSI-RS settings and one or more CSI-IM settings. In addition, interference hypothesis indication should be signalled in order to guide the UE to generate the appropriate CSI reports, such as CQIs.
Proposal 4: A CSI measurement setting for NR coordination transmission should be supported and composed of at least
· A CSI reporting setting configured with one or more CSI reports.
· A CSI-IM setting configured with one ZP CSI-RS resource, or one or more NZP CSI-RS resources, or hybrid ZP and NZP CSI-RS resources.
4 Conclusion

This contribution discusses details on interference measurement in coordinated transmission schemes and provides a possible common framework for different types of coordinated transmission schemes for CSI measurement and reporting. We have following proposals: 
Observation: Interference measurement can use different RS resources and it is related to transmission set and measurement set in coordinated transmission schemes.
Proposal 1: Multiple interference hypothesis indications and measurements should be supported for CSI measurement and reporting in NR.
Proposal 2: NR should support one or more CSI reports from a UE corresponding to one or multiple CSI-RS resources, where
· Multiple CSI reports can be configured with different granularities.
· One CSI-RS resource can be included within multiple CSI-RS resource sets, and one CSI-RS resource set can include one or multiple CSI-RS resources.
Proposal 3: Commonality in CSI measurement and reporting for different types of coordinated transmission schemes should consider at least followings:
· One CQI calculation result is related to one interference hypothesis.
· UE-assisted CSI reporting may let UE decide the number of CSI reports to have low feedback overhead.
Proposal 4: A CSI measurement setting for NR coordination transmission should be supported and composed of at least
· A CSI reporting setting configured with one or more CSI reports.
· A CSI-IM setting configured with one ZP CSI-RS resource, or one or more NZP CSI-RS resources, or hybrid ZP and NZP CSI-RS resources.
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