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1 Introduction
In previous meetings RAN 4 started to discuss the definition of the performance requirements for UEs supporting 4C-HSDPA: Documents [1, 2, 3] were presented, but no decision was made. The main topic of the contributions was how to reduce the complexity of MC-HSDPA testing in particular when interference canceller techniques need to be tested.  The reason why the discussion was started was because RAN 4 received an LS from RAN 5 about the complexity issue linked to the DC-HSDPA operation in conjunction to type 3i where many faders are needed.  In general when multi-carrier HSDPA UEs have to be tested many faders are needed. This is especially true for 4C-HSDPA. The comparison in terms of number of faders needed for each feature has been summarized in [2].

For 4C-HSDPA in general two possibilities were mainly discussed:

Option A [1]. Introduce new channel models for the definition of the performance requirements for 4C-HSDPA. The new extended channel models could follow the ones defined already for LTE (10, 15 or 20MHz depending on the carrier arrangement under the 4C-HSDPA WI). 

Option B [3]. Consider a simplification of the test case based on a TDM approach where only one carrier at a time (within the same band) is connected to a fader, while the other carriers sees an AWGN channel only. The UE is not aware of which carrier is faded and should compute the CQI and and report CQI, ACK/NACK for all the carriers. The test should be repeated a number of times equal to the number of carriers (for each new test a new carrier is connected via the fader). The picture of the simplification method from [3] is provided in the annex for completeness.
For DC-HSDPA type 3i the following two possibilities were discussed:

Option C [4] Modify the interference scenario by reducing DIP 2 and move its power to DIP 1. The test is slightly relaxed because of this.

Option D [3] Same as option B for 4C-HSDPA. 

In the following we discuss brifly the advantages and drawbacks of the solutions. We provide a way forward for DC-HSDPA type 3i and 4C-HSDPA and we discuss how to reduce the complexity for DB-DC-HSDPA which was not covered in previous meeting. 
2 Advantages and drawbacks of the solutions

2.1 Solution A 
	Advantages
	Drawbacks

	Correctly reflects the behaviour of the channels
	It requires simulation work to check all test cases 

	It provides reduction in complexity whenever the bands are adjacent.
	The requirements can be scalable but with possible per-test margins

	It can be combined with other methods (as option C for example) to reduce the complexity
	This method can not be used in order to reduce the complexity of DB-DC-HSDPA because the 2 carriers are located in different bands.  

	The method can be used to reduce the complexity of DC-HSDPA type 3i (factor of 2).
	However, if used for DC-HSDPA type 3i it needs a new simulation campaign to set possibly new requirements (or new margin w.r.t the scaling rule). 


2.2 Solution B 
	Advantages
	Drawbacks

	It provides a reduction in complexity which is comparable to method A
	It does not correctly reflect the behaviour of the channels

	It can be used in conjunction with other methods to reduce the complexity further.
	It does not reduce the complexity of DB-DC-HSDPA test cases because there would be one fader per band 

	It does not change the essence of the test ( it does not require relaxation of the requirements
	It does not fully test that the UE can mantain a baseline performance on all carriers simultaneously. 

	The same solution can be used for DC-HSDPA type 3i without changing the requirements
	Whenever this method is used, a modification of the definition of the requirement is needed (only format change in the specification).

	It does not require new simulation work.
	


2.3 Solution C 

	Advantages
	Drawbacks

	Simple method
	Modification of the DIP scenario (lengthy discussion in RAN 4). It modifies RAN 5 (and possibly RAN 4) specs. 

	DIP-based method can be used in conjunction with new channel models or other methods to reduce the complexity.
	Requirements are slightly relaxed


3 Discussion for DC-HSDPA type 3i
In previous sections we have very briefly provided our view on the advantages and drawbacks of the different methods proposed [1-3]. Because option B does not require new simulation campaign and because it can be reused for DC-HSDPA type 3i and for 4C-HSDPA tests, and in order to ease the discussion, we think that option D/B can be a possible way forward. However, in order to minimize the risks of customized algorithm we propose the following modification to the test methodology:

The throughput results should be computed per carrier for all the carriers (with fading and with AWGN) during the same test time. The test should be considered as passed if and only if the throughput computed independently on all the carriers is greater than the single carrier requirements already defined in the specification.
We think that this adds value by verifying that the UE can provide a baseline performance on all carriers simultaneously.
It can be noted that having AWGN channel on the wanted signal and the interferers is not an ideal solution for a linear  equalizer which aims at deleting the effect of the interferers (as for the scope of type 3i receivers). In fact, intuitively, in this case the channel has no diversity (the channel being exactly the same for the wanted signal and the interferers) and the receiver beamforming which optimizes the SNR for the wanted signal will not be able to null the interference (the channel is the same). Hence, the effect of the interfering signal can not be removed and this may have very bad impact on the performance. In order to make sure that the receive beamformer is capable of remving the interference the DIP 1 and DIP 2 channel should be in line and both orthogonal to the wanted signal channel. Hence, in order to avoid bad performance degradation, a very simple workaround consists on adding a phase rotation to the interference signal as shown in Figure 1. 


[image: image1]
Figure 1. Example of connections for non-faded carrier.
One could think of scaling the results and comparing the aggregate throughput of the N carriers with the throughput obtained by scaling (by a factor of N) the single carrier requirements. This would however implicitly mean that the requirement is relaxed, since the performance on the non-faded carrier (considering Figure 1) is expected to be better than on the fading carrier. This approach is therefore not recommended. 
Way forward: Consider Option B/D for DC-HSDPA type 3i but checking whether all the carriers (also the non-faded carriers) satisfy the same requirements, and introduce a derotation of the interference channel in order to make sure that a linear interference aware receiver is able to remove the effect of the interference. 

4 Discussion for 4C-HSDPA

For 4C-HSDPA the same method as described in Section 3 can be reused (i.e the method proposed in [3] with the additional modification proposed in Section 3). 

It is proposed to use this modification first for type 3i.

However it can be noted that the number of faders is high also when other type of transmission/reception are to be tested, for example (considering 4 carriers) 

4C-HSDPA open loop tx div requires 8 faders
4C-HSDPA type 3 requires 8 faders

4C-HSDPA MIMO requires 16 faders

Hence it is recommended to start discussing whether this simplification should be used for the above mentioned tests as well. It should be noted that under MIMO test case the non-faded carrier should use a derotation matrix (siminla to Figure 1), in order to be able to decode the non-faded carrier and have performance results at least as good as under fading conditions. 

Way forward: Use the simplification proposed in [3] and modified in Section 3 for 4C-HSDPA type 3i. Start discussing whether the same simplification is needed for other test cases.
5 DB-DC-HSDPA testing
As mentioned in Section 2.2 the TDM approach can not be used to reduce the complexity of DB-DC-HSDPA test because a fader per band is needed.

A common way to generate the signal at the UE 
[image: image2] 
Figure 2. Example of single carrier type 3i configuration.

Figure 2 shows an example only for the single carrier type 3i configuration. It can be generalized for the dual band operation by adding independent branches. (Note that the AWGN noise generators can be merged together to create the composite white noise).
There are 3 possible options:

1.    The same simplification as proposed in [3] can be reused by reusing the same fader for different bands. A parametrizable RF modulator should be used to transpose the fading in HF where the frequency band and the carrier can be an input parameter for running the test (under the TDM approach proposed in [3] only one carrier/band at a time will be faded and the remaining will see a simple AWGN channel).  Note that under this option the same modification of the test as discussed in Section 3 should be considered. This option will require 6 faders instead of 12. This is shown in Figure 3

[image: image3]
Figure 3. Example of connections

2.    Connect DIP 2 and DIP 1 to the same fader as shown in Figure 4. This method is equivalent to the proposal in [4] where it was proposed to remove DIP 2 and put its power to DIP 1 (i.e. the interference comes from the same NodeB). However in this case no modifications of RAN 4 specifications are foreseen. The scenarios will be the same as described in RAN 4 specification. The test method (RAN 5 spec) will be simplified and the test will be slightly relaxed as mentioned already in [4]. This method will require 8 faders instead of 12.

3.    The options 1 and 2 can be coupled together and hence the total number of faders required for type 3i DB-DC-HSDPA test is 4 instead of 12.
Note that if option 1 or option 3 is considered section 9.2.1, 9.2.2 and 9.2.4 of 25.101 should be modified to capture that the throughput should be computed per carrier (and the requirement should be defined per carrier). If option 2 is considered no modifications are foreseen.

In order to use the same solution as for 4C-HSDPA and for DC-HSDPA type 3i, option 1 (or 3) is to be preferred if it is seen possible by RAN 4.

 
[image: image4]
Figure 4. Example of modification as per option 2 or 3.
Way forward: Consider the same simplified method for DB-DC-HSDPA as for DC-HSDPA (option 1).

6 Conclusion

This document discusses a possible way forward for the definition of the throughput requirements for DC-HSDPA type 3i, DB-DC-HSDPA and 4C-HSDPA. The proposals are as follows:

Proposal 1: Consider Option B/D for DC-HSDPA type 3i but checking whether all the carriers (also the non-faded carriers) satisfy the same requirements, and introduce a derotation of the interference channel in order to make sure that a linear interference aware receiver is able to remove the effect of the interference. 

Proposal 2: Use the simplification proposed in [3] and modified in Section 3 for 4C-HSDPA type 3i. Start discussing whether the same simplification is needed for other test cases. 
Proposal 3: Consider the same simplified method for DB-DC-HSDPA as for DC-HSDPA (option 1).

It can be noted that the option to combine DIP 2 and DIP 1 and pass them throught the same fading is a very simple (RAN 5 only) modification which can be coupled with the above mentioned methods in oder to reduce further the complexity.  
A corresponding CR is provided in [5, 6, 7] to capture the modifications need in 25.101 for DC-HSDPA (as DB-DC-HSDPA). A corresponding CR for the modifications needed for 4C-HSDPA Rel-10 is provided in [8].  
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8 Annexes

This figure is copied from [3] for completeness.
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Figure 3. Example of connection for Dual cell tests with Multi-path Fading propagation for DC-HSDPA Type 3i Performance test cases
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