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1
Introduction
The initial considerations on the performance requirements for 1.28Mcps MU-MIMO was given in RAN4#57AH in [1]. This contribution will give further considerations on the testing method and framework of this WI. We focus on the testing model and testing contents based on the basic features and thinking.
2 Discussion
2.1 Basic Coverage and Configuration
2.1.1 Main Points for Verification
The basic points for verification have already been discussed in [1]. 
The most important one should be the special default midamble scheme. This enables better channel estimation by separating spatial multiplexed users’ channel estimation results. The verification of UE implementation of this feature is necessary. 
For the control channels, though they are not affected by the special default midamble scheme as discussed in section 3 of the WI proposal [2], some changes were also introduced in the specification and an analysis for the requirements needed will be provided in section 2.3.2.
Though the purpose of current WI and LTE Dual-Layer BF are somewhat similar, there are noticeable differences between them and this will have an impact to the testing coverage and method. We will give further discussion of them.

2.1.2 Downlink or Uplink
Unlike the DLBF in Rel-9 LTE, in which the primary changes are the introduction of downlink DM-RS and no corresponding changes were made for the uplink, the special default midamble used in MU-MIMO for 1.28Mcps TDD optimize both performance for downlink HS-DSCH and uplink E-DCH as discussed in [3]. This means a potential need to introduce E-DCH demodulation tests to verify NodeB implementation. 
However, there are still a number of factors make the test for BS seems unnecessary. The changes are quite limited and pretty much a functional one to some extent. Actually, no new physical channels or revision of current format of physical channel have been made and no new detection algorithm enhancement is currently assumed as necessary. As long as the scheme is correctly implemented, there should be no serious deviation of the performance. In other word, this support of special default midamble could be deemed as a function test rather than performance testing to some extent. In addition, compared to the UE, there is often less need to verify BS, maybe because the it is UE side that needs better conformance.
In all, currently we have a slight preference not to test the E-DCH special default midamble for the BS side and all the discussion below is based on the testing of UE unless explicitly stated otherwise.
2.1.3 Baseline UE antenna Configuration
It is believed that single antenna in UE should be the baseline assumption for setting up requirements as in [1] , since in current MU case the UE only support one layer of data transmission and it needs only a single antenna to be operational. In fact, single-antenna UE Rx is also the basic simulation assumption in RAN1 as in [3]. The support of Rel-8 SU-MIMO, which requires a two-antenna UE, is an independent feature. The need for further requirements of receiver diversity is not strong at current stage.
This 1Rx baseline for UE is quite different from LTE. This implicitly means that the UE could only treat the mutli-user interference simply as a noise and no interference cancelation method could be used. This will have a significant impact to the Interference Modeling method need and this will be discussed in section 2.2.
2.2 Interference Modeling

2.2.1 Deployment Scenarios
There are two general deployment scenarios for MU-MIMO: Indoor and outdoor. 

The outdoor scenario has been discussed before as the basic assumption of DLBF. Two precoders were used to represent two BF vectors in the testing framework. One merit of this is the BF effects was taken into account. 
For the typical indoor scenario, UEs in different floor could use the same resources without seriously interfering each other, since a penetration loss in the magnitude of 10-20 dB will be applied to the interfering signal. The modeling of this scenario could be much simpler: just combine user single and the interfering signal together, with the interference degraded a certain amount value.
Currently the outdoor scenario is more widely used at current stage in LTE and LTE-A. However, generally speaking, we may base the testing scenario on either scenario, and a number of factors should be taken into account. 
We will discuss the modeling in the following section.
2.2.2 Basic Modeling Option
The basic method of modeling is somewhat obvious: SS could send user’s signal and interfering user’s signal to the UE under test. Generally speaking, two options of modeling method could be used here.

Option1: Utilize precoding, taken into account BF effects. This is the method same to Rel-9 DLBF and could be considered based on outdoor scenario. 

Option2: Combine a degraded interference with user’s signal, without taking into account the BF effects. This could be considered based on indoor scenario.
Though option1 was first being considered in [1] since it is currently the testing baseline for the MU feature in LTE, it is found that option2 is a more favorable choice in 1.28Mcps TDD MU-MIMO for a number of reasons:
(1) Beamforming is not key factor to be verified. 
It should be noted that the primary feature that need test is special default midamble scheme, not the beamforming effects. The beamforming method at NodeB side has been introduced since Rel-4 and is deemed as an implementation issue and didn’t included in the current tests. Currently we see no strong need in the MU cases to include these effects into test. 
(2) Outdoor scenario is not necessarily more typical compared to indoor scenario.
In fact, the indoor scenario may be more widely used in UTRA TDD systems. Currently, implementation based SDMA without specification support is already being implemented into some indoor scenarios in some UTRA TDD BS. The difference between this kind of SDMA to MU-MIMO we discussed here is that in currently implemented SDMA the spatial multiplexed users use both the same physical resources and midamble shift, making it not require any further support from the specifications.
For indoor scenario, the beamforming is not utilized and option2 is more appropriate.
(3) Option1 is more difficult to be implemented than option2 in the test.

It is obvious the BF will make the modeling more complicated. In addition, we do not have fixed precoders in UTRA TDD spec, making the definition of a precoding method much more difficult than LTE.

(4) No interference rejection or cancelation method could be applied in current 1 Rx baseline structure, making complicated interference modeling meaningless.
This factor may be the decisive one here. Unlike LTE which use 2Rx as a baseline for UE, the baseline receiver in UTRA TDD has only 1Rx. This makes the complex spatial processing to do interference rejection impossible. 

We also have support in LTE area regarding this. We already decided that the MU case will not be tested for the Category 1 UE for DLBF tests as in [6] . The main reason for that is category 1 UE, which have only the capability for one layer data, could only treat interfering user as a thermal noise and no interference rejection is possible. This will make the test MU basically the same to single user test. Similarly, the current single antenna UE for UTRA TDD could also treat interference as a noise and complicated modeling is not that necessary.

In fact, there is a thinking that we may simply use noise rather than a interfering user’s signal in the test based on the reason before. However, we think it is not so appropriate and necessary here, since the property of a user’s signal is different from the thermal noise and modeling of user’s signal will not significantly increase the complexities.
In all, we propose to use option 2 as the interference modeling method in the testing process.
2.2.3 Number of Co-Scheduled Users
The current specification have four patterns of the association between midambles and channelization codes for special default midamble allocation scheme for each cell configurations as in[3]

 REF _Ref289612495 \r \h 
[4], this means that 4 different users are allowed to use the same physical resources. 

However, modeling 3 interference users is deemed meaningless, since the UE will not be able to separate those interferences and could only treat them all as a single noise factor. In addition, the introduction of multiple interference users will be highly complex and difficult to be implemented in the testing process. 
So, it is proposed that only one interference user is modeled in the simulation and testing. 
2.2.4 Testing configuration & SNR Definition
Since we require two layers of signals, one layer of the user signal under test and one layer of interfering signal, to be transmitted, a minimum of two antennas in the transmitter side is needed in the test configuration. The most basic one is a 2Tx-1Rx structure with each antenna transmitting one layer of signal. A possible connection diagram is provided below as Figure 1.

[image: image1]
Figure 1: Connection for MU-MIMO Test

For the SNR definition, the LTE Rel-9 DLBF method could be reused. It is similar to Rel-8 PHICH test that both the signal of user under test signal and the interfering user’s signal is counted as the numerator part of the SNR definition. The power normalization of transmit signal used in DLBF as in [5] and illustrated in Figure2 would also be applied conceptually.
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Figure 2: MU-MIMO Power Settings
Another parameter needs to be setting up is the relative power of the interference power to the user signal. Careful attention should be paid to the selection of this parameter, neither too large or too small would be appropriate. If the power difference is too large, the interference will become neglect able. If the power difference is too small, the actual C/I experienced by the user will become correspondingly low, make the performance degradation too serious to be tested. For example, a 10dB difference means that the actual C/I experienced by the user will be lower than 10dB.
In addition, this power difference could be correspond to the penetration loss between different floor in the indoor scenario. Based on this and above considerations, a typical power difference could be selected in the range of -10 ~ -20dB.

2.3 Test Coverage Analysis
2.3.1 Verification of HS-DSCH
The demodulation performance of HS-DSCH is need to be tested to verify the special default midamble allocation scheme implementation. After setting up the basic framework, the remaining issues are mainly test coverage issues such as MCS, RMC etc. 
Though reusing current HS-DSCH RMC for the MU-MIMO case seems attractive, it is generally not possible. With the change of the control channel format and resource allocation granularities, many RMCs used for current HS-DSCH test could not reused. For example, the channelization code now have only a total of four bits to represent the starting and ending resources, make the code channel number must be a multiple of 4, which is not satisfied by many current RMCs in which 10 SF=16 code channels were used. In addition, some other limitions in the channel estimation window distribution scheme may require a granularity of 8 VRU, so currently 16 SF=16 full allocation in a slot seems to be a most generic and reliable solution.
Setting up new RMCs becomes a problem for UTRA TDD in that different UE categories generally could not use the same RMCs since the TB sizes supported is different. The MU-MIMO feature didn’t have a definite relation with specific categories and theoretically every category currently available could be used for MU-MIMO case, some selections was definitely needed. It is proposed that those categories that are most likely to be used in MU-MIMO case could be supported, or there will be a great deal of the specification work.
Furthermore, it is proposed to make the reference channel applies to both the input signal under test and the interfering signal as in Rel-9 LTE DLBF as stated in [7].

2.3.2 Verification of Control Channels

The control channels do not involve special default midamble scheme. However, we still need to analyse the need to setting up new requirement, since the baseline structure of the UE receiver may be different. Here by the following downlink control channels were revised and the needs of new performance requirements were discussed.
HS-SCCH:
Currently, the detection performance of HS-SCCH type2-8 is introduced in SU-MIMO and the minimum requirements are based on 2-antenna receiver diversity. In MU-MIMO, the contents of HS-SCCH type4 and type8 were revised as in [8] and we will discuss them separately. 

For HS-SCCH type8, it is required the UE have the capability to support SU-MIMO. This means that the UE must have 2 Rx configurations and the existing minimum requirements for SU-MIMO could re-used.
For HS-SCCH type4, it could be used in MU-MIMO and do not have to have the capability to operate in SU-MIMO mode. This means that a single antenna UE could use HS-SCCH type4, making the current minimum requirements for HS-SCCH based on receiver diversity inappropriate. However, no new simulation work is foreseen since type4 will have the same performance with type1, which already have a minimum performance requirement based on single antenna. 
E-AGCH:
E-AGCH Type2 have new explanations in the information bits, no new requirement is needed. Historically, the type2 performance was designed for SPS and already based on single antenna assumption, so the performance will be the same.

E-HICH:

As analyzed in [1], the performance of this channel is not changed and that functional tests are also deemed as inessential at current stage.
2.3.3 Thinkings for Uplink
Though all the above assumptions are based on downlink, it is assumed that for uplink could also reuse most assumptions in the modeling process if tests deemed necessary, since the 1Rx is also a typical and generic structure at least for indoor scenario. Admittedly, the affected channel will be E-DCH and no more control channels affected. However, the priority of these uplink tests are somewhat lower and could be considered later.
3 Conclusion
In this paper, further considerations on the testing contents and modeling method of the performance part of 1.28Mcps TDD MU-MIMO was provided. It is proposed to setting up requirements based on these considerations.
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