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1 Introduction
In last RAN 4 meeting Comp core requirement was finalized with the following conclusions:
No BS core impact because of CoMP [1]
· No relative timing requirements

· No relative frequency error requirements


Nevertheless these two aspects need to be accounted for in simulation assumptions when defining UE demodulation performance in order to define meaningful requirements.
In this paper we are going to propose our view for the definition of the PDSCH demodulation performance test.

2 Discussion

Before defining the PDSCH test details, it is important first to discuss the scenarios that need to be considered for the test and the high level characteristics and their applicability.

RAN 4 has conducted work in the context of quasi collocated antenna which derived from bad performance seen in certain scenarios were the antenna ports collocation assumption could not be guaranteed. The work on non collocation showed that there is a non negligible loss in performance when the UE does not take into account the fact that the characteristics of the channel for different antenna ports can not be considered as similar. 
Additionally RAN 4 has started also the discussion of Comp performance requirements. 
The two aspects are of course linked by the introduction of a new behaviour B as described in the following. RAN 1 has recently defined 2 behaviours which are supported under TM10:
Behaviour A: everything is collocated (a part for channel gain).
Behaviour B: intra-resources CSI-RS can be considered as collocated, DM-RSs are collocated within the subframe, at least a CSI-RS resource indicated by physical layer signaling may be assumed as collocated with DM-RS and the recent new decision such that 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}, [2].

However, even though RAN 1 has defined colocation assumptions with various ports, the UEs should still strive to use only DMRS whenever it is possible since the use of DMRS ensures that the estimation accuracy of the relevant parameters improve with increasing SINR on PDSCH which is desirable since the sensitivity of demodulation performance increases with increasing SINR.

Basically the UE should follow the “Estimate the parameters on what you try to demodulate instead of from something else whenever possible” principle.
Proposal 1: Verify through appropriate tests that the UE follows the
“Estimate the parameters on what you try to demodulate instead of from something else whenever possible” principle.

RAN 1 has indicated to RAN 4 that it is important to guarantee that the UE follows the correct behaviour B for UEs supporting ALL CoMP feature groups in order to make sure that the performance is not compromised.

Additionally, it has been decided in RAN 1 that the number of supported CSI-RS processes is signalled by the UE as a capability (it can be 1, 3 or 4), as indicated by the following UE capabilities:
Feature group #7-0: DL CoMP with single CSI-RS process: which in particular supports PDSCH Transmission Mode 10 with 1 CSI process and antenna port quasi-colocation assumptions.
Feature group #7-1: DL CoMP with multiple CSI-RS processes: which supports all the characteristics of feature group 7-0 and PDSCH Transmission Mode 10 with multiple CSI processes, with the support of 3 or 4 CSI processes in single carrier operation based on capability signaling. 
2.1 Scenarios
In [3] RAN 1 has suggested some scenarios to be used for the definition of the CoMP requirements.
In general RAN 1 suggested considering 2 transmission points, 1TP representing macro BS and 1 TP representing a LPN. LPN has 16dB less power compared to the macro node as shown in the figure 1. The UE can be placed in any position between the two TPs. In order to make sure that the UE correctly estimated parameters from the correct reference signals available (and signalled), specific position of the UE can be considered.
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Figure 1: Reference deployment. Each point transmits DMRS only when PDSCH is transmitted from that point.

The TM10 characteristics that new PDSCH demodulation tests should verify can be listed as follows: 
· Verify that the UE correctly compensate for timing errors between TPs via CSI-RSs or DM-RSs. 

· Verify that the UE correctly compensate for frequency errors between TPs via signalled non serving CRS which are collocated with DM-RSs or whenever it is possible based on DM-RS itself.
· Verify that the UE estimates SNR based on DM-RSs rather than CRSs 
· Estimate channel related parameters (such as for example delay spread, PDP etc..) based on the DM-RS
· Verify that the UE is capable of handling rate matching wrt the RS resources

· Verify that the UE is capable of following dynamic signalling and follow transmission point changes.
· Verify that the UE is capable of handling SFN type transmission 

While it is important to keep the number of new tests small, it is also recognized that, if all the TM 10 characteristics are tested through a single test it may happen that partially correct implementation can fulfil the requirements. Hence, it is important to isolate subset of characteristics which can be tested by each test and make sure that a clear discrimination between a wrong behaviour A and a UE correctly taking into account behaviour B is possible. 

Proposal 2. Isolate subset of characteristics which can be tested by each test and make sure that a clear discrimination between a wrong behaviour A and a UE correctly taking into account behaviour B is possible.

RAN 1 suggested some scenarios in [3] which RAN 4 can consider for the definition of the UE demodulation requirements. They are considered in the following sections for the definition of the different tests.

2.2 Details on the test set up
All the tests defined below apply to TM10 UE.
2.2.1 Frequency error 
Under this test frequency error compensation is tested. 
According to RAN 1 decision the eNodeB signals the information about a CRSs (serving or non serving) which is collocated for Doppler shift and Doppler spread with DM-RS and a CSI-RS resource. The UE should be capable to exploit this assumption at least in order to perform frequency error estimation and compensation. Of course better algorithms are not precluded. In document [4] we propose to use the following algorithm as baseline to define performance requirements:
A suitable algorithm which performance requirements can be based on, is

· Use DM-RS based frequency error estimation whenever PDSCH allocation is > 3PRB.

· Use CRSs-based frequency error estimation otherwise.

Two tests are considered.
2.2.1.1 Test A.1: DM-RS based estimation
Under this test SFN type of transmission is considered. 2 Transmission points are considered with same cell ID. Multipoint transmission scheme (SFN) is used for CRSs while single point transmission scheme is considered for PDSCH/DM-RSs (from LPN). 

The UE is located at the boarder between the macro and the pico hence receiving similar power levels from macro and LPN. If the UE uses CRSs to base the frequency error estimation the frequency error performance will be highly compromised. In fact there will be a mismatch between the frequency error estimated via CRSs and the actual frequency error estimated by considering DM-RSs. In this case the frequency error estimated by using CRSs does not correspond to the frequency error seen on PDSCH as it is estimated based on a composite channel which is a mixture of the channel between TP1 and the UE and TP2 and the UE. This will lead to substantial loss in performance. Hence it is important, in order to guarantee good performance that, the UE uses the “Estimate the parameters on what you try to demodulate instead of from something else whenever possible” principle.
Under this test the following characteristics are considered.

Antenna configuration: 4x2, Rank 2

Propagation channel: EPA5 or EVA5 

System bandwidth: 5 MHz or 10MHz. 

CRS-SNR: equal power level from macro and LPN.

PDSCH PRB allocation: 3/6 PRB allocation

Frequency error between TPs= 200Hz

Timing error: 0musec 
Modulation and coding scheme = 64QAM, ¾. 

Metric: Throughput vs SNR should be considered initially before defining a test point

Baseline algorithm: DM-RS based frequency error estimation
CSI-RS: The number of CSI-RS processes is equal to 1.
Under these tests the following is verified.

· Verify that the UE correctly compensates for frequency errors between TPs when CRS is not reliable.

· Verify that the UE is capable of handling rate matching wrt the RS resources
· Verify that the UE is capable of handling SFN type transmission 
Alternatively a second approach is proposed in order to verify that the correct frequency error estimation is achieved when CRSs are not reliable. 
2.2.1.2 Test A.2: DM-RS based estimation
Under this test 2 transmission points with different cell IDs are considered. TP1 and TP2 both transmit CRS. PDSCH/DM-RS are transmitted from a single TP, the LPN. 

Under this test CRSs are not frequency shifted in order to avoid creating interference on PDSCH REs, and hence high interference is expected on CRSs. This is a reasonable assumption considering that PDSCH is then free of CRS interference when DMRS is used.
The UE is at the border region between LPN with an extended range, which motivates the high level of interference on CRS from LPN. The cell is small which guarantees that a sufficiently high data SNR can be achieved. Additionally the load in the cell is low.
Under this test the following characteristics are considered.

Antenna configuration: 4x2, Rank 2

Propagation channel: EVA5 which is the channel conditions for which it is easier to discriminate between behaviour A and B according to [5].

System bandwidth: 5 MHz.

CRS-SNR =-10/-11dB

PDSCH PRB allocation: 3PRB

Frequency error between TPs= 200Hz

Timing error: 0 timing error can be considered for this test. 
Modulation and coding scheme = 64QAM, ¾. This will help discriminating between correct behaviour A and behaviour B.
Metric: Throughput vs SNR should be considered initially before defining a test point

Baseline algorithm: DM-RS based frequency error estimation.
CSI-RS: The number of CSI-RS processes is equal to 1.
Under these tests the following is verified.

· Verify that the UE correctly compensates for frequency errors between TPs when CRS is not reliable.

· Verify that the UE is capable of handling rate matching wrt the RS resources

2.2.1.3 Test B: CRS based estimation 
Under this test 2 transmission points with different cell IDs are considered. TP1 and TP2 both transmit CRS. PDSCH/DM-RS are transmitted from a single TP, the LPN. 

Under this test CRSs are not frequency shifted in order to avoid creating interference on PDSCH REs, and hence medium /high interference is expected on CRSs. 

The UE is at the border region with LPN, the CRS SNR is ~-3/0dB. The cell is small which guarantees that a sufficiently high data SNR can be achieved. Additionally the load in the cell is low.

Under this test the following characteristics are considered.

Antenna configuration: 4x2, Rank 2

Propagation channel: EPA5 or EVA5 which is the channel conditions for which it is easier to discriminate between behaviour A and B according to [5].

System bandwidth: 5/10 MHz.

CRS-SNR =-3dB

PDSCH PRB allocation: 1PRB

Frequency error between TPs= 200/300Hz

Timing error: 0musec timing error 
Modulation and coding scheme = 64QAM, ¾. This will help discriminating between correct behaviour A and behaviour B.
Metric: Throughput vs SNR should be considered initially before defining a test point. 
Baseline algorithm: CRS based frequency error estimation.
CSI-RS: The number of CSI-RS processes is equal to 1.
Thanks to these 2 tests we verify the following:

· Verify that the UE correctly compensates for frequency errors between TPs based on CRS when the PDSCH allocation is too small.
· Verify that the UE is capable of handling rate matching wrt the RS resources

2.2.2 Test C: Timing error.

Under this test 2 transmission points are considered. TP1 transmits CRS/PSS/SSS. PDSCH is transmitted from a single transmission point TP 2. CSI–RS resource is collocated with DM-RS
Under this test timing error compensation is tested. RAN 1 has agreed that a signalled CSI-RS resource is collocated with DM-RS wrt to average receive timing. The UE estimates and compensate for timing error based on CSI-RS (at least) The range which is considered as supportable by the UE is [-0.5, 2.4musec]. It is important to consider a sufficiently high timing error in order to make sure that the correct behaviour B is ensured. The transmission point is fixed. The UE is moving from the macro to the pico and hence the timing error between the transmission points span the whole range. The reference timing is given by the serving CRSs, i.e. the macro node). 

Under this test the following characteristics are considered.

Antenna configuration: 4x2, Rank 2

Propagation channel: EPA5 which is the channel conditions for which it is easier to discriminate between behaviour A and B according to [6].

System bandwidth: 5 MHz 

CRS-SNR:  TBD dB

PDSCH PRB allocation: full allocation

Frequency error between TPs= 0Hz

Timing error: Timing error varies from -0.5musec to 2.4musec according to a certain pattern. The  timing error can vary every TBD subframes and follows -0.5,  1.5,  2.4musec. 
Modulation and coding scheme = 64QAM, ¾. This will help discriminating between correct behaviour A and behaviour B.

Metric: Throughput vs SNR should be considered initially before defining a test point

Baseline algorithm: CSI-RS base timing error estimation.
CSI-RS: The number of CSI-RS processes is equal to 1.
Thanks to this test we verify the following:

· Verify that the UE correctly compensate for timing errors between TPs via signalled collocated CSI-RSs as baseline. 

· Verify that the UE is capable of handling rate matching wrt the RS resources

2.2.3 Test D: SNR estimation and channel related parameters
This test is introduced to verify that the UE correctly estimates channel related parameters based on DM-RSs (and not CRSs). Under this scenario 2 Transmission points are present with different cell ID. TP 1 transmits CRS, TP2 transmits PDSCH and DM-RS. This models a scenario where the UE is located close to the LPN and PDSCH is transmitted from the LPN. LPN is at the boarder of the macro cell.
The SNR associated to CRSs is low while the SNR of PDSCH is sufficiently high (UE is close to the LPN).  Document [4] shows that high degradation of the performance is seen when the UE wrongly assume behavior A wrt average gain/SNR and channel related parameters and bases the channel parameter selection on CRSs rather than DM-RS. Additionally the power delay profile is different for the different TPs.
Under this test the following characteristics are considered.

Antenna configuration: 4x2, Rank 2

Propagation channel: EVA5 from TP1 to UE and EPA5 from TP2 to UE 

System bandwidth: 5 MHz or 10MHz. 

CRS-SNR:  <= -3dB dB

PDSCH PRB allocation: full allocation

Frequency error between TPs= 0Hz

Timing error: 0muse 
Modulation and coding scheme = 64QAM, ¾. This will help discriminating between correct behaviour A and behaviour B.

Metric: Throughput vs SNR should be considered initially before defining a test point

Baseline algorithm: DM-RS channel related parameters selection.
CSI-RS: The number of CSI-RS processes is equal to 1.
Thanks to this test we verify the following:
· Verify that the UE estimates SNR based on DM-RSs and channel related parameters based on DM-RS rather than CRSs 

· Verify that the UE is capable of handling rate matching wrt the RS resources

2.2.4 Test E: DPS

This test is introduced to verify that the UE is capable of supporting DPS, i.e. it is capable of following dynamic TP changing. 
Two transmission points are considered with both transmitting CRSs. PDSCH is transmitted alternatively from TP1 and TP2 according to a certain deterministic pattern, for example TP which transmits PDSCH changes every subframe. The UE is configured with a single CSI-RS resource. Depending on the DPS TP swicthing a CRSs and a certain CSI-RS resource is colocated with DM-RSs. The UE knows this information via appropriate signaling.  CRSs are non frequency shifted. The UE is located at the boarder between macro node and LPN. 

Under this test the following characteristics are considered.

Antenna configuration: 4x2, Rank 2

Propagation channel: EPA5 or EVA5 

System bandwidth: 5 MHz or 10MHz. 

CRS-SNR: -3dB,  +3dB depending on the transmission point
PDSCH PRB allocation: 3 PRB allocation

Frequency error between TPs= 200Hz

Timing error: 1 or 1.5musec. 
Modulation and coding scheme = 16QAM, ½ or 64QAM 3/4 

Metric: Throughput vs SNR should be considered initially before defining a test point

Baseline algorithm: CRS based frequency error estimation or DM-RS frequency error estimation, DM-RS channel related parameters selection, CSI-RS based timing estimation
CSI-RS: The number of CSI-RS resource equal to 1
Thanks to this test we verify the following:
· Verify that the UE is capable of following dynamic signalling and follow transmission point changes.
2.2.5 Test F: SFN transmission
The aim of this test is to verify the performance in case of shared cell, i.e SFN type of transmission. 2 Transmission points are considered with same cell ID. Multipoint transmission scheme is used for CRSs while single point transmission scheme is considered for PDSCH/DM-RSs. 
Under this test a certain amount of timing error is considered. The FFT position is based on CRS. 

The overall channel is a combination of the propagation channel received from TP1 and TP2.
TP2 transmits PDSCH/DM-RS.
Additionally some frequency error is considered between the transmission points.

The UE is located at the boarder between the macro and the pico hence receiving similar power levels from macro and LPN. 
Under this test the following characteristics are considered.

Antenna configuration: 2x2, Rank 1

Propagation channel: EPA5 or EVA5 

System bandwidth: 5 MHz or 10MHz. 

CRS-SNR: equal power level from macro and LPN.

PDSCH PRB allocation: 3/6PRB allocation

Frequency error between TPs= 100Hz

Timing error: 1musec 
Modulation and coding scheme = 64QAM, ¾ or 16QAM 1/2. 

Metric: Throughput vs SNR should be considered initially before defining a test point

Baseline algorithm: DM-RS based frequency error estimation and  CSI-RS based timing estimation
CSI-RS: The number of CSI-RS processes is equal to 1.
3 Conclusions
In this paper we have discussed the test set up for PDSCH demodulation performance. The following is concluded:
Proposal 1: Verify through appropriate tests that the UE follows the

“Estimate the parameters on what you try to demodulate instead of from something else whenever possible” principle.

Proposal 2. Isolate subset of characteristics which can be tested by each test and make sure that a clear discrimination between a wrong behaviour A and a UE correctly taking into account behaviour B is possible.
Proposal 3:

We propose to add the following tests under CoMP:

· Test A and B for Frequency error correction.

· Test C for timing error correction

· Test D for SNR correct estimation and channel related parameters
· Test E to verify DPS

· Tests F to verify SFN transmission
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