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1 Introduction

In the previous meeting some discussion took place for the definition of the test set up for the PDSCH for CoMP. In order to progress the work we provide here our view for the test set up. 
In the past RAN 4 meeting the following was agreed in the context of CoMP PDSCH performance requirements:

· It has been agreed to test the following features in the context of PDSCH demodulation tests:

1. UE performs correct timing offset compensation according to PQI signaling 

2. UE performs correct frequency offset compensation according to PQI signaling

3. UE performs correct SNR estimation based on DM-RSs rather than CRSs 

4. UE performs correct channel parameters estimation (e.g. delay spread, PDP ) according to PQI signaling

5. UE performs correct rate matching around NZP CSI-RS resource, ZP CSI resource and the configured CRS according to PQI signaling

· Features

1. UE supports the dynamic point change for PDSCH transmission

· FFS for feature 7-1 UE only or for 7-0 and 7-1

2. FFS to test TM10 JT from multiple transmission point.

· Baseline receiver algorithm for frequency  and timing compensation may be defined for the  purpose of alignment of the simulation results.
· The CoMP scenario to use in the test(s) is FFS.

· In this meeting most of the companies prefer single test pending feasibility study. Using multiple tests is not precluded at this time.

In this document we address the remaining aspects of the features that need to be tested, the reference algorithm for the definition of the performance requirements and we propose a set up for the PDSCH tests. A separate paper provides analysis via simulation results of the separate vs joint test issue, [1], and system level simulation results for parameter setting, [2].
2 Features to be tested

For the features list which need to be tested, the remaining issues which need to be discussed are 

1. Whether to define a DPS test for feature group 7-1 or for both feature group 7-0 and 7-1.

2.  Whether to test JT from multiple transmission point with TM10.

Dynamic Point Switching consists of switching the transmission point dynamically during the communication. The switching can be done according for example to CSI reporting associated to different processes. DPS will be used mainly for UEs supporting feagure group 7-1. However DPS could be implemented to only be based on long-term channel info and short-term traffic variations (to do dynamic off-loading from a macro to a pico for example). This would not require multiple CSI processes. However, in order to limit the test count we propose to test DPS only for feature group 7-1.
Proposal 1: Define DPS test for both feature group 7-1 and 7-0.

The second point that needs to be discussed is whether a test is necessary for JT.
The support of a generic JT mode has not been the primary focus of RAN 1 for CoMP feature in Rel-11. 
Hence it is proposed not to introduce tests based on JT in the context of CoMP Rel-11. 
Proposal 2: Do not test JT.

3 Scenarios to be tested

Comp can be deployed in several scenarios as mentioned in the TR. RAN 1 mentioned explicitly in one of their LS [3] that RAN 4 could focus on scenario 3 and scenario 4.

In particular scenario 4 is of interest as it allows to use the same cell ID for the macro and the LPN within the macro cell coverage avoiding mobility problems which may be encountered in scenario 3.

We think that both scenario 3 and 4 have a commercial interest and may be deployed in the future and hence both should be appropriately tested.

For scenario 3, frequency error and timing error estimation can be easily compensated by the UE according to the algorithms mentioned in section 4, by taking into account the PQI signalling.

Under scenario 4, when CRSs are sent in a SFN fashion while PDSCH is transmitted from a single transmission point, there maybe a mismatch between the quasi collocated CRS (in this case the UE sees a single CRS resource) and the PDSCH. Hence there will be a mismatch between the real frequency correction necessary for PDSCH and the frequency error estimated over CRSs (basically 0 Hz).

So it is proposed that under this scenario a limited amount of frequency error is considered as detailed below in the detailed test set up.
Proposal 3: Introduce tests for both scenario 3 and 4.

4 Reference algorithm for QCL

The QCL characteristics mentioned in section 1 has been agreed to be tested via PDSCH performance tests.
Depending on the whether timing, frequency, SNR, PDP needs to be estimated different known signals can be used in order to define performance requirements.

Of course this does not limit the UE implementation freedom but agreement on the reference algorithm allows for better alignment of the results. The UE is of course free to support the feature with its own implementation if performance requirements can be satisfied.

Timing:

Several companies have provided PDSCH simulation results obtained when timing error compensation is done in order to recover the loss due to timing error between the different TPs.
The timing error compensation can be based on DM-RSs or CSI-RSs.

Since timing error compensation is needed not only for PDSCH but may be needed for CSI computation it is important to base the timing error estimation on CSI-RS.

Proposal 4: Base the definition of the PDSCH requirements on the assumption that the UE uses CSI-RS to perform timing error estimation. 
Proposal 4b: FFS whether to mention in the specification that the requirements are derived based on this assumption.
Frequency:

In the last meeting extensive discussions took place about which baseline algorithm was suitable for the frequency error estimation. RAN 1 has recently introduced the collocation of (serving or non serving) CRSs with DM-RS and a CSI-RS resource for Doppler shift and Doppler spread estimation purpose. However, even though RAN 1 has defined colocation assumptions with various ports, we are of the opinion that 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. 
Additionally new features such as NCT are going into the direction of removing CRSs and hence defining now performance requirements based on the assumption that the UE uses CRSs to define the requirements is not future proof and will require a complete new analysis of the CoMP performance requirements for future releases.
However, most of the companies in the last meeting expressed their concern on the use of new\multiple algorithms in the UE which may increase the UE complexity. While we do not think that DM-RS based frequency error compensation will considerably increase the UE complexity we understand also that UE vendors may have already implemented the support of other features and that they may be keen of reusing software and hardware as much as possible and especially in conditions where these existing features could potentially provide some benefits.

In particular several companies in the last meeting mentioned the possibility of reusing CRS-IC in order to overcome the problem related to unreliable CRS in case of colliding CRSs or in order to reduce the effect of the CRS interference on PDSCH in case of non colliding CRSs. 
CRS-IC could indeed be used in situations such as colliding CRSs and non colliding CRS in order to reduce the loss in PDSCH.

However, it should be noted that in Rel-11 RAN 4 performance requirements based on the use of CRS-IC are only defined when ABS subframes are configured. Under CoMP, it is important to define performance requirements without the use of any ABS.

 In Rel-11 the support of CRS-IC is not mandatory and the performance requirements are only defined in the context of ABS subframes. 

Since ABS subframes will not be configured in the context of CoMP it is important to make sure that CRS-IC works also for non ABS configuration.
Proposal 5: Base the definition of the PDSCH requirements on the assumption that the UE uses CRS-IC to perform frequency error estimation when necessary and regardless of if ABS is configured or not.
· Proposal 5a:  Define at least one test with very low CRS SNR (colliding case) under scenario 3.

· Proposal 5b: Define at least one test with non colliding CRS under scenario 3 and define performance requirements based on the assumption that CRS-IC is used to limit the impact of CRS interference on PDSCH.
· Proposal 5c: FFS whether to mention in the specification that the requirements are derived based on this assumption.

The alternative proposal is to reconsider the use of DM-RS for frequency error estimation.
Note that it could be beneficial to define requirements which can be also fulfilled at least with DM-RS based estimation in order to make sure that the CoMP requirements do not necessarily need to be revisited when, in the future CRSs may not be scheduled in the cell anymore in the context of NCT.
SNR:
SNR estimation has to be based on DM-RS rather than CRSs. If SNR estimation is done based on CRSs there may be under certain scenario a very large mismatch between PDSCH and CRSs which causes degradation of the performance as already shown in [4] and in Section 8.
Note that for TMs which are based on DM-RS, the SNR estimation has to be based on DM-RS as average gain is never considered to be collocated. This is discussed in Section 8 for legacy TMs.
Proposal 6: Base the definition of PDSCH requirements on the assumption that the UE uses DM-RSs to perform SNR estimation 
Channel parameters (PDP, delay spread): 

The above is also valid for delay spread and PDP.
Proposal 7: Base the definition of PDSCH requirements on the assumption that the UE uses DM-RSs to perform channel related parameters estimation 
5 Single vs multiple tests 

In document [1] we showed that a single test to test all the QCL assumption is not suitable.
As it can be seen in this paper partially good implementation can still fulfill the requirements, and this holds true especially when considering the spread in the simulation results by different companies due to non perfect alignment of the results and the implementation margin. So, while we understand the will to keep the number of test low we think that a good test coverage would make sure that the UE is correctly following behaviour B. Correct Behviour B handling is fundamental for CoMP to show the benefits it has been designed for in realistic deployments.

Proposal 8: Consider defining separate tests for the QCL features: It is proposed to test frequency estimation, timing error and SNR/PDP/Delay spread by using different tests.

6 PDSCH test set up
In the following we provide the test set up for PDSCH testing in the context of CoMP.
6.1 Test 1. Frequency error, CRS colliding, 7-0
The goal of this test is to verify the performance in presence of a frequency error when CRSs are colliding.
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. CRSs are not frequency shifted. This is a reasonable assumption considering that PDSCH is then free of CRS interference. 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: EPA5/ EVA5 which is the channel conditions for which it is easier to discriminate between behaviour A and B
· System bandwidth: 5 MHz.

· CRS-SNR =-10 dB
· PDSCH PRB allocation: 6PRB or full allocation
· Frequency error between TPs= 200Hz

· Timing error: 0 timing error can be considered for this test. 
· Modulation and coding scheme = 64QAM, ¾. 
· Metric: Throughput vs SNR should be considered initially before defining a test point
· CSI-RS: The number of CSI-RS processes is equal to 1.

Note that this same test with 0 frequency error and ETU channel profile could be considered to verify SNR estimation.
6.2 Test 2. Frequency error, non colliding, 7-0
The goal of this test is to verify the performance in presence of a frequency error when CRSs are non colliding.
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. CRSs are frequency shifted and hence CRSs will introduce interference to PDSCH region. 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. Alternatively a low load on TP2 can be also considered.
Under this test the following characteristics are considered.
· Antenna configuration: 4x2, Rank 2

· Propagation channel: EVA5 /EPA5
· System bandwidth: 5 MHz.

· CRS-SNR =higher than the SNR on PDSCH (PDSCH is hit by the CRS interference coming from the macro) 
· PDSCH PRB allocation: 6PRB full allocation?
· Frequency error between TPs= 200Hz

· Timing error: 0 timing error can be considered for this test. 
· Modulation and coding scheme = 64QAM, ¾. 
· Metric: Throughput vs SNR should be considered initially before defining a test point
· Baseline algorithm: CRS for frequency error, CRS-IC to remove interference on PDSCH region.
· CSI-RS: The number of CSI-RS processes is equal to 1.

Note that Figure 4 in [2] shows the performance results associated to this case. 

This test can be included in Test 4 if this test is defined to be applicable to 7-0.

6.3 Test 3. Timing error, Scenario 4, 7-0
Under this test 2 transmission points are considered. TP1 transmits CRS/PSS/SSS. PDSCH is transmitted from a single transmission point TP 2., TP1 and TP2 shares the same cell ID.  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, 2musec]. It is important to test the extreme of the range in order to make sure that the correct behaviour B is ensured when timing is within this range. 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 combination of the CRSs from TP1 and TP2). 

Under this test the following characteristics are considered.
· Antenna configuration: 4x2, Rank 2

· Propagation channel: EPA 5 which are the channel conditions for which it is easier to discriminate between behaviour A and B according to [5]. EPA 5 can be used for TP2 and EVA 5 can be used for TP1
· System bandwidth: 5 MHz 

· CRS-SNR:  TBD dB
· PDSCH PRB allocation: full allocation or partial allocation
· Frequency error between TPs= 0 or 50Hz
· Timing error: Timing error is dynamically changed between -0.5musec and 2musec  (additional timing error points can be also considered) according to a certain pattern. The  timing error can vary every TBD subframes. 
· 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.

6.4 Test 4. DPS scenario 3 for 7-1
This test is introduced to verify that the UE is capable of supporting DPS, i.e. it is capable of following dynamic TP changing under scenario 3. Correct PDP estimation handling is also tested here.
Two transmission points are considered 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 TBD subframes. The UE is configured with a multiple 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 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 different channel profiles for different TPs.
· Serving TP: switched every TBD subframes

· System bandwidth: 5 MHz or 10MHz. 

· CRS-SNR:  TBD1dB,  TBD2dB depending on the transmission point
· PDSCH PRB allocation: 6 PRB or full bandwidth allocation

· Frequency error between TPs= 200Hz

· Timing error: 2musec or 0
· 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, DM-RS channel related parameters selection, CSI-RS based timing estimation, CSI-RS for PDSCH.
· CSI-RS: The number of CSI-RS resource is > 2
If UE supports feature group 7-1, test 2 does not need to be performed.
6.5 Test 5. DPS scenario 4 for 7-1

This test is introduced to verify that the UE is capable of supporting DPS, i.e. it is capable of following dynamic TP changing under scenario 4. Correct PDP estimation handling is also tested here.
Two transmission points are considered both transmitting CRSs with shared cell ID. PDSCH is transmitted alternatively from TP1 and TP2 according to a certain deterministic pattern, for example TP which transmits PDSCH changes every TBD subframes. The UE is configured with a multiple CSI-RS resource. Depending on the DPS TP swicthing a certain CSI-RS resource is colocated with DM-RSs. The UE sees a single CRS signal. The UE knows this information via appropriate signaling.  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 different channel profiles for different TPs.
· Serving TP: switched every TBD subframes

· System bandwidth: 5 MHz or 10MHz. 

· CRS-SNR:  TBDdB 
· PDSCH PRB allocation: 6 PRB or full bandwidth allocation

· Frequency error between TPs= 80Hz

· Timing error: 2musec or -0.5musec
· 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: no frequency error estimation possible, Frequency error is seen as Doppler shift, DM-RS channel related parameters selection, CSI-RS based timing estimation.
· CSI-RS: The number of CSI-RS resource is > 2
If UE supports feature group 7-1, test 3 does not need to be performed.

6.6 Test 6. SNR 

This test can be applicable to legacy UE as well. In fact also under behaviour A average channel gain collocation can not be assumed.

One possibility would be to modify a TM9 PDSCH performance test in order to introduce an artificial low SNR condition on CRS. The performance requirements should not change.

However the tests available so far for TM9 are two fold:

· Single layer spatial multiplexing with QPSK modulation and 64QAM1/2 modulation

· Dual layer spatial multiplexing with 16QAM modulation.

If EPA 5 is considered the performance difference due to the use of CRSs to estimate the SNR will be negligible (if any). Hence it is proposed to reuse old test cases but to change the propagation conditions to EVA 5 or ETU5, preferably ETU5. 

Figure 1-2 show the performance results when the test in Section 8.3.1.1 (single layer spatial multiplexing) of 36.101 Test 2 is considered and when CRS SNR is modified in order to introduce an imbalance wrt to the SNR seen on DM-RS. CRS SNR is selected 0dB or with an imbalance wrt PDSCH of 15dB for EVA and ETU.

Figure 3-4 show the results according to test in Section 8.3.1.2 (dual layer spatial multiplexing) with EVA and ETU.
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Figure 1. EVA 5, Test 2 Section 8.3.1.1 (single layer spatial multiplexing) of 36.101.
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Figure 2. ETU 5, Test 2 Section 8.3.1.1 (single layer spatial multiplexing) of 36.101.
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Figure 3. EVA 5, Test in Section 8.3.1.2 (dual layer spatial multiplexing) of 36.101.
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Figure 4. ETU 5, Test in Section 8.3.1.2 (dual layer spatial multiplexing) of 36.101.

6.7 Summary and proposals for tests

Proposal 9:

For UE supporting feature group 7-0: the following test would be applicable:
· Test 1

· Test 2

· Test 3

· Test 6

For UE supporting feature group 7-1: the following test would be applicable:

· Test 1

· Test 4

· Test 5

· Test 6

7 Overlapping between PDCCH and PDSCH

In the last meeting, RAN4 has received an LS from RAN 1 indicating that in the context of CoMP PDCCH and PDSCH may overlap [6].

RAN 1 has agreed on a signaling which makes it possible to signal a starting OFDM symbol for PDSCH that results in that the PDSCH is mapped onto OFDM symbols that overlap with the PDCCH control region. This may happen when PDSCH and PDCCH are transmitted from different transmission points.

The agreed behaviour the UE should follow is reported here [6]:
· In case an indicated PDSCH starting symbol is earlier than the end of the PDCCH in the serving cell, the UE shall assume the indicated number of CRS ports for PDSCH RE mapping in all the symbols occupied by the PDSCH, including the symbols overlapping with the PDCCH, while PDCCH RE mapping is according to the serving cell’s CRS

The typical use case for PDCCH and PDSCH overlap is dynamic point switching. So the UE receives PDCCH from TP1 and DMRS based PDSCH from TP2. TP2 may very well use a different control region size than TP1 since it typically corresponds to another cell. Since the PDCCH and the PDSCH are transmitted from different points there is no problem having an overlap (but there is a problem not having the possibility to do this because then we may get collisions between PDSCH and PDCCH on TP2). This is an important feature which avoid forcing all the cells which may participate in a CoMP transmission to use the same control region. The size of the control region is cell specific. Note that this use case was pointed out in the LS [6] where RAN1 asks RAN4 to take this into account in the definition of tests. 

Note that the UE is not supposed to try to cancel PDCCH interference. However it is important to take this into account to define reliable and realistic test case and to make sure that the UE is capable of reaching a specified throughput even in presence of an overlap between PDCCH and PDSCH and that the system is not broken because of this dynamic signaling.

Hence we propose the following:

Proposal 10.  Test the functionality of PDCCH contol region overlap by introducing different PDCCH control region size for TP 1 and TP 2. This can be included in the DPS test where half of the time the PDCCH region will overlap with PDSCH.
8 Conclusions

In the paper we have addressed the open points for the definition of test set up in CoMP. The following proposals have been made:
Proposal 1: Define DPS test for both feature group 7-1 and 7-0.

Proposal 2: Do not test JT.

Proposal 3: Introduce tests for both scenario 3 and 4.

Proposal 4: Base the definition of the PDSCH requirements on the assumption that the UE uses CSI-RS to perform timing error estimation. 

· Proposal 4b: FFS whether to mention in the specification that the requirements are derived based on this assumption.

Proposal 5: Base the definition of the PDSCH requirements on the assumption that the UE uses CRS-IC to perform frequency error estimation when necessary and regardless of if ABS is configured or not.
· Proposal 5a:  Define at least one test with very low CRS SNR (colliding case) under scenario 3.

· Proposal 5b: Define at least one test with non colliding CRS under scenario 3 and define performance requirements based on the assumption that CRS-IC is used to limit the impact of CRS interference on PDSCH.

· Proposal 5c: FFS whether to mention in the specification that the requirements are derived based on this assumption.

Proposal 6: Base the definition of PDSCH requirements on the assumption that the UE uses DM-RSs to perform SNR estimation 
Proposal 7: Base the definition of PDSCH requirements on the assumption that the UE uses DM-RSs to perform channel related parameters estimation 
Proposal 8: Consider defining separate tests for the QCL features: It is proposed to test frequency estimation, timing error and SNR/PDP/Delay spread by using different tests.

Proposal 9:

For UE supporting feature group 7-0: the following test would be applicable:

· Test 1

· Test 2

· Test 3

· Test 6

For UE supporting feature group 7-1: the following test would be applicable:

· Test 1

· Test 4

· Test 5

· Test 6

Proposal 10.  Test the functionality of PDCCH contol region overlap by introducing different PDCCH control region size for TP 1 and TP 2. This can be included in the DPS test where half of the time the PDCCH region will overlap with PDSCH.
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