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1 Introduction
In this paper, we present our views on DL CoMP UE demodulation and CSI performance requirements. We also popose some test procedures.
2 Discussion
Rel-11 UE supports at most two UE behaviours for the quasi co-location assumptions between RS of different types. From (from R1-124020):

Behaviour A: 

CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}

Behaviour B: 

CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt {Delay spread,Doppler spread, Doppler shift, Average delay}

CoMP will use behaviour B.

In addition in RAN1#71 it was agreed that 

Alt.2)

· For Behavior B:

· For each CSI-RS resource, the network shall indicate by RRC signaling that CSI-RS ports and CRS ports of a cell may be assumed as quasi co-located wrt the following properties 

· {Doppler shift, Doppler Spread}

· RRC signaling includes:

· Cell id for QCLed CRS

· Number of CRS ports
· MBSFN configuration 
· Signaling details up to RAN2

· Send LS to RAN4 for this decision

· Recommend to provide performance requirement considering the frequency shift larger than the range currently being discussed in RAN4 for DMRS-based frequency tracking between TPs transmitting PDSCH and the serving cell. 

· the TP transmitting PDSCH is of different Cell id than the serving cell

· Note: the above the decision doesn’t impact the current mobility requirement 

2.1 UE PDSCH Demodulation Requirements
2.1.1 Behaviour B test: TAE and FAE
Behaviour B test needs to be introduced for newly introduced TM10. For PDSCH demodulation, non-collocation of CRS and DM-RS should be tested. Geographically separated antenna system WI is currently considering test setups for time and frequency alignment errors (TAE and FAE) in behaviour A and B for non-TM10 trnsmissions. Hence, TM10 tests are necessary in CoMP WI.
Proposal 1: Impact of TAE due to non-collocation of CRS and CSI-RS/PDSCH DMRS for TM10 should be tested in CoMP.
However, in RAN1#71 the following was agreed [5]:

· There is a consensus in RAN1 to have quasi-colocation assumption wrt. Doppler shift and Doppler spread for each CSI-RS resource between CSI-RS ports and CRS ports of a cell
· The new assumption has implications on the UE Behavior B regarding frequency offset estimation
Hence, we propose:

Proposal 2: Impact of FAE due to non-collocation of 1) CRS and CSI-RS/ PDSCH DMRS or 1) CRS/ CSI-RS and PDSCH DMRS should be tested.

2.1.2 Rate matching Tests
In RAN1#71 the following was agreed:
· PDSCH RE mapping is unaffected by the configured IMRs

· i.e. in one subframe, no PDSCH rate matching around an IMR if the REs occupied by the IMR are not included in the ZP CSI-RS configuration signalled for PDSCH rate matching.

· UE behaviour in case of collision between an IMR and the scheduled PDSCH:
· the UE decodes the PDSCH and measures the interference on this IMR

· The PDSCH is rate matched around all the NZP CSI-RS resources configured by higher layers for the UE

· In a given subframe, the PDSCH is rate matched around only one ZP CSI-RS configuration.

· The ZP CSI-RS configuration is the one signalled in DCI format 2D or configured by RRC for DCI format 1A

Based on the above agreement in RAN1, tests for PDSCH rate matching seems to be needed in some cases.

Proposal 3: Consider introducing rate matching tests for PDSCH.
2.2 UE CSI Feedback Requirements
In the last RAN4#65 meeting [1], the following has been agreed:

Agree that CSI test cases for such main purposes

· Proper IMR usage 

· UE processing capability for multiple CSI processes

· Reporting CSI accuracy
We propose two tests to cover the above three test cases:

Proposal 4: A total of two set of tests are proposed for CSI feedback test: one for single CSI process and the other for multiple CSI processes. 

2.2.1 Reporting CSI accuracy and IMR test: Single CSI Process
For CSI, the following should be tested: 
1) Collocation of CSI-RS and PDSCH DM-RS and if CSI is based on the CSI-RS from the right TP
2) If the CSI is correctly composed of the CSI-RS based signal power measurement and IMR based interference power measurement. Also to confirm that the CRS has not been used for this purpose.
We believe that the above two cases can be tested in a single set up by using same set of test metrics.

Proposal 5: CSI feedback accuracy testing for a single CSI process should include testing the implications of CSI-RS and PDSCH collocation/ non-collocation, as well as if IMR has been used or not.

Proposal 6: CSI feedback accuracy test and IMR test for a single CSI process should be grouped to a single test. 

In CoMP scenario, CQI and RI tests are necessary. However, since TM10 (non-codebook based precoding) would be used PMI tests don’t seem necessary.
Proposal 7: CQI and RI tests are required for CSI feedback tests in CoMP scenario. PMI tests are not needed. 

We propose the following test procedure: 

Consider an UE is attached to TP1. In some subframe, TP1 sends UE CSI-RS that should be used to CSI feedback about the channel between TP1 and UE, In other subframe, TP2 sends UE CSI-RS that should be used to CSI feedback about the channel between TP2 and UE, TP2 sends UE DM-RS and PDSCH. PDSCH should be demodulated based on DM-RS channel estimation. However, the MCS selection (CQI) and layers (RI) for TP2 PDSCH should be selected based on CSI feedback sent after measuring channel based CSI-RS sent from TP2. BS is supposed to manage that the PDSCH MCS and rank are selected based on the CSI feedback of the right channel.

Proposed link level test setup: 

· Two BSs are modelled, same cell ID and different cell Ids. 
· Consider dynamic point selection (DPS). UE is attached to BS1, however PDSCH to be demodulated and DMRS are transmitted from BS 2
· BS1 transmits CRS and random interference in PDSCH REs
· Interference in CRS REs are set to be higher than the interference in PDSCH and IMRs REs  
· 1 CSI subframe for BS 1 and 1 CSI subframe for BS 2
· CSI-REs experience no interference except white noice Noc
· UE sends CSI feedback of both channels to BS 1, BS 1 passes the appropriate CSI information to BS 2

· Channel for BS1 to UE is chosen as a high correlation EVA channel, channel for BS2 to UE is chosen as an AWGN channel.

· If the CQI/RI are incorrectly calculated based on BS1 CSI-RS, the reported CQI would be much lower than expected and RI would be lower as well. So, requirements will not be met. 

In the above test procedure, if an UE uses CRS for CSI feedback instead of CSI-RS and IMR, it will fail the test if requirements are appropriately chosen. An UE using CSI-RS and IMR, however has chosen the CSI-RS of the wrong TP will also fail the test if requirements are appropriately chosen.

2.2.2 Multiple CSI Processes
If UE supports multiple CSI processes, this feature should be tested. A CSI process is basically a set of configured CSI-RS and IMR. It should be tested that interference measurements for each process are being done based on appropriate CSI-RS and IMR set and not wrong CSI-RS and IMR set and not CRS.

Proposal 8: A separate and 2nd CSI test set is needed for multiple CSI processes. 

Currently maximum number of CSI processes has been agreed to 4, however there are three capability classes: {1, 3, 4}. An UE of a capability class with maximum CSI processes of X is capable of all CSI processes 1 to X. Hence, this test should be setup for 3 CSI processes since there could be multiple CSI process capable UEs that support a miximum of 3 CSI processes not 4.

Proposal 9: Multiple CSI processes test should be for 3 CSI processes.
3 Conclusions

In this contribution, we presented our views on CoMP. We described some potential test procedures. Summary of proposals:
Proposal 1: Impact of TAE due to non-collocation of CRS and CSI-RS/PDSCH DMRS for TM10 should be tested in CoMP.

Proposal 2: Impact of FAE due to non-collocation of 1) CRS and CSI-RS/ PDSCH DMRS or 1) CRS/ CSI-RS and PDSCH DMRS should be tested.

Proposal 3: Consider introducing rate matching tests for PDSCH.
Proposal 4: A total of two set of tests are proposed for CSI feedback test: one for single CSI process and the other for multiple CSI processes. 

Proposal 5: CSI feedback accuracy testing for a single CSI process should include testing the implications of CSI-RS and PDSCH collocation/ non-collocation, as well as if IMR has been used or not.

Proposal 6: CSI feedback accuracy test and IMR test for a single CSI process should be grouped to a single test. 

Proposal 7: CQI and RI tests are required for CSI feedback tests in CoMP scenario. PMI tests are not needed. 

Proposal 8: A separate and 2nd CSI test set is needed for multiple CSI processes. 

Proposal 9: Multiple CSI processes test should be for 3 CSI processes.
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