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1 Introduction
In this paper, we discuss 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.

a) Behaviour A: CRS, CSI-RS and DMRS may be assumed as quasi co-located wrt { delay spread, rx power, frequency shift, Doppler spread, received timing }

b) Behaviour B: CRS, CSI-RS, and DMRS shall not be assumed as quasi co-located wrt{ delay spread, rx power, frequency shift, Doppler spread, received timing} 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, rx power, frequency shift, Doppler spread, received timing}

CoMP will use behaviour B.

2.1 UE Control Channel Demodulation Requirements

There is no need to add any additional tests for PDCCH due to introduction of DCI mode 2D. However, new tests would be necessary for ePDCCH that should be defined in ePDCCH section after RAN1 finalises ePDCCH issues.

Proposal 1: No new tests are needed for PDCCH demodulation. 

2.2 UE PDSCH Demodulation Requirements
2.2.1 Behaviour B test

Behaviour B test needs to be introduced for newly introduced TM10.
For PDSCH demodulation, non-collocation of CRS and DM-RS should be tested.

Consider an UE is attached to transmission point 1 (TP1). TP1 sends CRS and CSI-RS. TP2 sends UE CSI-RS, DM-RS and PDSCH. PDSCH should be demodulated based on DM-RS channel estimation and timing should be acquired based CSI-RS of TP2. However, if the timing is acquired based of CRS of TP1 or CSI-RS of TP1, the performance could be very different.
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 is transmitted from BS 2.  
· BS1 sends CRS and CSI-RS. BS2 sends CSI-RS and DM-RS. If CRS from TP2 is being transmitted is a discussion point. If the two cells have same cell ID, then CRS from TP2 shouldn’t be transmitted for the test.  If the two cells have different cell ID, both TPs may transmit CRS if rate matching is used.
· Relative time delay and frequency shift are modeled between TP1 and TP2

· Channel for BS1 to UE is chosen as a realistic channel and for BS2 to UE is chosen as an AWGN channel. 
· For a specific BS1 SNR, BS2 signal SNR is sweeped.

· UE should use TP2 CSI-RS for time tracking. If UE uses TP1 CRS or TP1 CSI-RS for time tracking, the PDSCH demodulation performance will be worse than expected. So, requirements will not be met. 

Proposal 2: Non-collocation of CRS and PDSCH should be tested.
2.2.2 UE PDSCH demodulation test

Reception of various CoMP schemes by a poorly implemented CoMP UE could potentially degrade performance compared to an equivalent TM9 transmission. RAN4 should design tests to ensure that demodulation performance is improved and not degraded by CoMP.

We propose tests as follows:

Joint Transmission Demodulation Test:
· TP1 is the serving cell, while TM10 transmission of PDSCH (with fixed MCS) and DMRS is from TP1 and TP2 simultaneously.

· CSI feedback to TP1 is measured based on CSI processes consisting of CSI-RS from each TP, and IMR consisting of ZP-CSI-RS from both TPs simultaneously.

Dynamic Point Selection Demodulation Test:
· TP1 is the serving cell, while TM10 transmission of PDSCH (with fixed MCS) and DMRS is from either TP1 or TP2 in any given subframe.

· The TP not transmitting to CoMP UE in any subframe transmits a random TM9 signal with random PMI/RI.

· CSI feedback to TP1 is measured based on CSI processes consisting of CSI-RS from each TP. IMR1 consists of ZP-CSI-RS from TP1 while TM9 signal with random PMI/RI is transmitted from TP2. IMR2 consists of ZP-CSI-RS from TP2 while TM9 signal with random PMI/RI is transmitted from TP1.

Baseline Test:
· TP1 is the serving cell, which transmits TM9 with fixed MCS. TP2 is purely an interfering cell and transmit TM9 signal with random PMI/RI.
For both cases, fading channels (e.g. EVA5) between CoMP UE and both TPs should be modelled.

For both cases, a fixed channel attenuation is modeled for each TP according to an FFS interference profile.

For both cases, each TP should apply the PMI/RI recommendations from the UE based on the appropriate CSI process.

In each CoMP case, throughput/BLER performance must exceed the TM9 baseline performance by a margin FFS.

Proposal 3: If deployment of CoMP brings PDSCH demodulation performance gain should be tested. 

2.2.3 Rate matching Tests
Based on agreement of RAN1, tests for PDSCH rate matching would be needed.
2.3 UE CSI Requirements
2.3.1 Behaviour B test

For CSI, collocation of CSI-RS and DM-RS should be tested.

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 is transmitted from BS 2

· 1 CSI subframe for BS 1 and 1 CSI subframe for BS 2

· UE sends CSI feedback of both channels to BS 1, BS 1 passes the CSI information to BS 2

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

· For a specific BS1 SNR, BS2 signal SNR is sweeped.

· If BS2 transmission is icorrectly based on the CSI feedback for the channel between BS1 UE, the PDSCH demodulation performance will be worse than expected. So, requirements will not be met. 

Proposal 4: Non-collocation of CSI-RS and PDSCH should be tested.
2.3.2 CSI Processes/ IMR test

Currently maximum number of CSI processes has been agreed to 3. If UE supports multiple CSI processes should be tested. A CSI process is basically a set of configured CSI-RS and IMR. It should be tested that interference measurements are being done based on IMR of CSI processes and are not being done based on CRS.
Proposal 5: If UE supports multiple CSI processes and if UE measures interference based on IMR should be tested.

3 Conclusions

In this contribution, we presented our views on CoMP. We described some potential test procedures. Summary of proposals:
Proposal 1: No new tests are needed for PDCCH demodulation. 

Proposal 2: Non-collocation of CRS and PDSCH should be tested. 
Proposal 3: If deployment of CoMP brings PDSCH demodulation performance gain should be tested. 

Proposal 4: Non-collocation of CSI-RS and PDSCH should be tested.

Proposal 5: If UE supports multiple CSI processes and if UE measures interference based on IMR should be tested.
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