	
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #88  	R1-1702953
Athens, Greece 13th - 17th February 2017
Agenda item:	8.1.2.3.5
Source: 	Samsung
Title: 	Discussions on RS types for interference measurement
Document for:	Discussion and Decision
Introduction
In 3GPP RAN1 NR Ad-Hoc [2], following agreements on interference measurement resource are agreed: 
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 discuss about RS types for interference measurement for NR.
Discussions on interference measurement
In Rel-8, 9, and 10, interference measurement has been to a large extent a UE implementation issue based on CRS. The inter-cell interference from neighbouring cells can be measured using different implementation methods such as assessing the interference level from excessive delay components of the serving cell’s CRS or directly measuring the CRS transmitted by the interfering cells. 
In Rel-11, ZP CSI-RS based interference measurement is introduced to allow inter-cell interference measurement for CoMP operation. In this scheme, UE can simply measure inter-cell interference which transmitted in the blanked resources when REs are blanked by ZP CSI-RS configuration. Additionally, ZP CSI-RS based interference measurement does not require high UE complexity since ZP CSI-RS allows power based measurement and does not require complex computation such as signal emulation and signal extraction. Moreover, ZP CSI-RS based interference measurement is quite flexible in that the network can project any interference on the ZP CSI-RS REs. For example, the network could project multi-user interference on the IMR REs such that the UEs generate CSI while taking into account multi-user interference. However, required overhead can be large since ZP CSI-RS based measurement allows only one interference hypothesis per ZP CSI-RS resource when time domain measurement restriction or aperiodic transmission is not supported. Considering such aspects, multiple interference hypothesis may be burdensome for periodic ZP CSI-RS and aperiodic allocation of ZP CSI-RS for interference measurement should be supported as well as periodic allocation. 
Another potential improvement for MU-CQI would be a mechanism to allow for DMRS based MU-CQI estimation. For MU-CQI derivation, UE can be informed of the DMRS ports in certain subframe(s) to take into account for deriving the MU interference, e.g., via semi-static RRC configurations and aperiodic CSI trigger.
There are a couple of benefits of using this approach:
· No additional DL RS overhead: DMRS ports from ongoing PDSCH transmissions for other users can be used for CQI estimation
· Availability of precoded channel coefficients: Differently from other proposals, the exact precoded channel coefficients of MU interfering UEs are available at the UE side to derive MU-CQI, under the restriction that the eNB will use the same MU precoders with the same user scheduling in the next transmissions. 
Other possible enhancement for interference measurement is to allow interference measurement by NZP CSI-RS. In this scheme, gNB allocates multiple CSI-RS resources in the identical NZP CSI-RS configuration with different scrambling identity. In the configured resource, gNB transmits multiple signals and UE can measure inter- and intra-cell interference by extracting its own signal. Due to the extraction, the resource can be shared to multiple UEs to measure the inter- and intra-cell interference. In addition to sharing resources, it may provide more accurate CSI compared to ZP CSI-RS based measurement since it allows port level interference channel measurements. 
However, NZP CSI-RS based interference measurement has several drawbacks. First drawback is UE complexity. In order to measure interference, UE should measure impulse response of interference channel as well as desired channel. For example, UE which is configured with 16 CSI-RS ports may measure another 16 CSI-RS ports for interference. Additionally, in impulse response level measurement, PMI selection cannot be considered. For level-1 CSI-RS [5], UE selects and reports its preferred precoding which optimizes spatial multiplexing with channel quality information. Based on the reported precoding, gNB decides direction of data transmission and therefore beam direction can be changed compared to transmitted signal in NZP CSI-RS. For level 2 CSI-RS [5], gNB will transmits multiple UE-specific beams to NZP CSI-RS resource and therefore such difference will not occur. However, in such case, the performance benefits are doubted since it provides similar interference measurement method to ZP CSI-RS based interference measurement. 
In addition to increment of UE’s implementation complexity, support of type II CSI also needs to be considered. In RAN1#86 [1], specification support on Type II CSI is agreed. In Type II CSI, reduced space of channel information (e.g. eigen vector, covariance matrix and so on) can be reported. Based on such enhanced information, prediction on inter-user interference can be estimated without limitation on precoding. Such reporting may require high degree of UE hardware complexity and reporting overhead, enhanced interference measurement scheme with relatively low UE complexity can be considered. However, it should be noted that NZP CSI-RS based scheme requires similar UE complexity due to impulse response measurement and self-signal reduction, but provides worse performance due to limited precoding assumptions.
Observations: 
· ZP CSI-RS provides simple inter-cell interference measurement with low UE complexity. 
· ZP CSI-RS based interference measurement may require high degree of RS overhead considering MU-MIMO transmission.
· DMRS based interference measurement allows CQI derivation with ongoing PDSCH transmission without any RS overhead increment. 
· While NZP CSI-RS based interference measurement can provide relatively accurate measurement, it requires high degree of UE implementation complexity. 
· Considering explicit information via Type II CSI, the benefits of NZP CSI-RS based measurement is doubted.
Proposals: 
· ZP CSI-RS based interference measurement should be supported in NR.
· In order to provide efficient resource utilization, aperiodic transmission should be supported as well as periodic transmission.
· DMRS based interference measurement should be supported in NR. 
Conclusions
In this contribution, RS types for interference measurement for NR are discussed considering required UE complexity and RS overhead. Based on the discussions, the following observations and proposals are provided:
Observations: 
· ZP CSI-RS provides simple inter-cell interference measurement with low UE complexity. 
· ZP CSI-RS based interference measurement may require high degree of RS overhead considering MU-MIMO transmission.
· DMRS based interference measurement allows CQI derivation with ongoing PDSCH transmission without any RS overhead increment. 
· While NZP CSI-RS based interference measurement can provide relatively accurate measurement, it requires high degree of UE implementation complexity. 
· Considering explicit information via Type II CSI, the benefits of NZP CSI-RS based measurement is doubted.
Proposals: 
· ZP CSI-RS based interference measurement should be supported in NR.
· In order to provide efficient resource utilization, aperiodic transmission should be supported as well as periodic transmission.
· DMRS based interference measurement should be supported in NR. 
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