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Introduction
In TS 38.214, the UE assumptions for interference measurements are specified as:
[bookmark: _Hlk500778603]For CSI measurement(s), a UE assumes: 
-	each non-zero power CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
-	all interference transmission layers on non-zero power CSI-RS ports for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; and
-	other interference signal on REs of non-zero power CSI -RS resource for channel measurement, non-zero power CSI -RS resource for interference measurement, or CSI-IM resource for interference measurement"
In this contribution we discuss if clarifications on UE behavior regarding interference measurements are needed.
Discussion
In initial releases of LTE, UE procedure for interference measurements for CQI calculation was undefined in specification. Typically, but not necessarily, a UE implementation would estimate the interference based on residuals of the CRS. As the density of the CRS is quite high, as it is also used for demodulation and not only CSI measurement, channel filtering in time and frequency would result in a quite large processing gain whereby the subtraction of the filtered channel estimate from the raw channel estimate could accurately estimate the residual interference and noise power on the CRS REs. However, there were two main issues with this approach. First, as the interference on the CRS RE typically arrived from CRS transmissions of the neighbouring cells, rather than PDSCH, the interference estimated from CRS residuals would not be load-dependent (as CRS is an always-on signal). This implies that the interference level tended to be over-estimated in lightly loaded network (where CRS from neighbouring cells where transmitted although PDSCH was not), implying that reported CQIs tended to be too conservative. Second, as the eNB could not rely on certain UE behaviour, more advanced link adaption schemes were difficult to realize.
To solve these issues, the CSI-IM resource for interference measurement purpose was introduced for TM10. With the CSI-IM, eNB had an instrument to control the resources whereon UE measures interference, enabling more advanced link adaptation schemes by controlling what was transmitted in the CSI-IM resource. For instance, CoMP schemes such as coordinated link adaptation was enabled where CQI could be calculated assuming certain hypothesis of neighbour cell transmission or muting. Or, the eNB could emulate inter-cell interference for MU-MIMO hypothesis by precoding transmissions on CSI-IM REs with hypothesized interferer UEs precoder. As the UE behaviour for interference measurement was clear, the gNB could reliably use the reported CQI.
[bookmark: _Toc503379443][bookmark: _Toc503388319][bookmark: _Toc503553774]Clearly defined UE behaviour is the main benefit of CSI-IM
The currently captured UE assumptions for interference measurement in NR is a bit vague with regards to what the UE actually shall assume for interference measurement purpose and it is possible that different UE implementations interpret the assumptions differently, meaning that it may be difficult for gNB to reliably apply the reported CQI as the gNB and UE may have different understanding of the CSI hypothesis. 
For example, if the UE is configured with only an NZP CSI-RS resource for interference measurement, does the UE assume
1. That the interference measurement is given by the coherent filtered NZP CSI-RS channel estimates  ?
2. A power estimate of the raw NZP CSI-RS channel estimates  , capturing both inter- and intra-cell interference?
3. An accumulation of the power by the coherent filtered NZP CSI-RS channel estimates   and the power of the residual -?
4. An accumulation of the power by the coherent filtered IMR NZP CSI-RS channel estimates   and the residuals of the CMR -?
Additionally, if the UE is also configured with a CSI-IM for interference measurements, how is the inter-cell interference component calculated? For instance, the gNB may want to emulate additional interference on the CSI-IM (but not on the NZP CSI-RS for interference measurements as that would reduce channel estimation performance). But according to the current specification text, the UE may assume other interference signal is present on both CMR, NZP CSI-RS IMR and CSI-IM. So while the gNB may expect the UE to accumulate the received CSI-IM power and the coherent filtered NZP CSI-RS IMR channel estimates   to form the interference measurement, the UE could perform accumulation of interference contributions from residuals of all of CMR, NZP CSI-RS IMR and CSI-IM, or, calculate an average interference value from the three, or even ignore the CSI-IM.
[bookmark: _Toc503379444][bookmark: _Toc503388320][bookmark: _Toc503553775]Current specification text makes UE interference measurement behavior ambiguous 
We therefore propose to clarify the UE behaviour so that no ambiguities remain and the gNB and UE can have the same interpretation of the CSI hypothesis. 
The motivation for defining a UE assumption that it may assume other interference signal is present on NZP CSI-RS IMR was that if the received NZP CSI-RS lies below the noise floor (i.e. is drowned by inter-cell interference) coherent channel estimation may not be possible and in that case an incoherent power contribution of the NZP IMR can be calculated instead by subtracting the inter-cell interference power estimated from the CSI-IM from the incoherent power estimate of the NZP. However, this behaviour could be stated more directly in the spec so that there is no misunderstanding.
[bookmark: _Toc503379445][bookmark: _Toc503553776]Explicitly state in the spec how UE shall account for other interference signals on NZP CSI-RS IMR
Furthermore, as it is not possible to link a report with only one CMR without at least one IMR, there is no need for the UE to assume anything regarding other interference signal on CMR, so this assumption can be removed. It is also cleaner from a spec perspective since CMR and IMR are separated.
[bookmark: _Toc503379446][bookmark: _Toc503553777]UE shall not derive interference measurement from CMR
According to current agreement, the UE performs interference measurements on a set of CSI-IM resources, where the set may contain more than one CSI-IM resource. However, the feasibility of using more than one resource is not clear since it may lead to double counting of interference. Furthermore, since the UE can be configured with multiple NZP CSI-RS IMRs, having multiple CSI-IM also result in duplicate functionality which should be avoided.
[bookmark: _Toc503379447][bookmark: _Toc503553778]Only a single CSI-IM resource, not a set of CSI-IM resources, are used for calculating a CQI
Text proposal for 38.214
[bookmark: _Toc499057715]>>>>>>>>>>>> Start text proposal 1 >>>>>>>>>>>>
For CSI measurement(s), a UE assumes: 
-	each non-zero power CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
A UE shall perform accumulation of interference estimated on the following 
-	all interference transmission layers on non-zero power CSI-RS ports configured for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; 
· UE may assume other interference signal is present on non-zero power CSI-RS ports for the purpose of aiding CSI-RS channel estimation and
[bookmark: _GoBack]-	other interference signal on REs of non-zero power CSI -RS resource for channel measurement, non-zero power CSI -RS resource for interference measurement, or of CSI-IM resource. for interference measurement"
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>

Conclusions
In this contribution, we discuss the need for clarifying UE behavior for interference measurements and have made the following observations:
Observation 1	Clearly defined UE behaviour is the main benefit of CSI-IM
Observation 2	Current specification text makes UE interference measurement behavior ambiguous

We make the following proposals:
Proposal 1	Explicitly state in the spec how UE shall account for other interference signals on NZP CSI-RS IMR
Proposal 2	UE shall not derive interference measurement from CMR
Proposal 3	Only a single CSI-IM resource, not a set of CSI-IM resources, are used for calculating a CQI



