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1 Introduction

A number of contributions have discussed how the UE performance requirements for LTE should be carried out, with proposals for prioritization between different tests, [1]-[4]. The main concern is that the number of possible tests grows dramatically due to e.g. flexible bandwidth, flexible frequency domain allocation, several multi-antenna schemes etc. Thus it is recognized that there is a need to reduce the number of tests in order to finalize a first set of requirements within the limited available timeframe, but also in order to have reasonable test times for the UEs. This contribution proposes more details on the PDSCH transmission.
2 Proposed PDSCH demodulation requirements
The previous discussions in RAN4 seem to have led to some common viewpoints on a number of issues:

· Separate CQI and demodulation requirements are suggested, at least initially.

· The demodulation, HARQ functionality etc, should be tested similar to the HSDPA FRC throughput tests.

· Requirements for single-stream unicast transmission are prioritized initially, though multicast and some multi-antenna scheme requirements should also be finalized without significant delay. 
· An MCS receiver structure may be used for setting initial minimum requirements for single-stream transmission.

Even though no final agreement on channel models have been made, the combinations of delay profiles and Doppler frequencies suggested in [5] is used a working assumption in this document. This may of course have to be reconsidered depending on later decisions in RAN4.
The DL control signalling occupies resources that otherwise would have been used for data transmission. In [3] it was proposed to allocate 2 subframes for the DL control signalling, and we believe that this can be used as a working assumption. Since details on the DL control signalling are still open, it is possible that this has to be reconsidered in the future. 

In [2] it was argued that not all tests need to be performed for all bandwidths. The reason is that much of the functionality is not bandwidth dependent, and can thus be tested using a single bandwidth only. 

2.1 Tests performed for all defined bandwidths

A few tests should be performed for all defined bandwidths. [2] identifies two features that depend on the bandwidth, namely different Rx filter characteristics, and also the ability to handle the highest data rates for each bandwidth. These are covered below.
2.1.1 Full RB allocation

For each bandwidth, it is desirable to have a requirement at high data rate, close to the maximum. In [3] it was proposed that 64QAM with code rate 5/6 is used for this purpose, which we believe is a good suggestion. We also believe that this test can be performed with only one propagation channel having low dispersion, since the intention is that this test would cover the ability to handle the highest data rates. For the same reason, it is also proposed to conduct these tests at one high geometry factor only. Performance for full allocation at lower geometry factors is covered in Section ‎2.2.1. 
Suggested test parameters: 
Propagation model: Extended Pedestrian A (EPA)
UE speed: Low
Code Rate: 5/6
Modulation: 64QAM

Geometry: High [TBD]
2.1.2 Single RB allocation

Single RB reception is the extreme opposite of the full RB allocation, but also very important since it is used to cover low data rate services such as speech. Since the target is low data rate, it is probably possible to skip the highest modulation formats and code rates in these tests. Since the performance may vary over frequency within the transmission bandwidth, one could argue for separate tests on each possible RB allocation. However, this would lead to a too high number of tests to be defined and performed, thus we suggest that only one requirement is defined. This should be fulfilled for any RB allocation, but in order to limit the test time, it should be possible to test only a few allocations. It can be assumed that the most critical RB allocations occur at the band edges, where the receiver filter chain most likely has the largest impact, and possibly also at the band center, where LO leakage might compromise performance. We thus suggest that the requirement is tested for at least these RB allocations, but the exact testing strategy can be left for RAN5 to decide. We propose not to have this test with time-varying frequency allocation, since this has an averaging effect on performance and may hide problems at the band center and edges.
The propagation channel to use here is probably not critical, and could probably be limited to one single channel. 
Suggested test parameters: 

Propagation model: Extended Vehicular A (EVA)
UE speed: Medium
Code Rate: 1/3
Modulation: QPSK
Geometry: Low and High [TBD]
2.2 Tests performed for a single bandwidth

As argued in [2], much functionality related to demodulation and decoding is not very dependent on the bandwidth, and can thus be tested using a single bandwidth only. In [2] it was proposed to use 5 MHz for this, but 10 MHz has also been suggested and may in fact be better since it allows for a wider range of tests.

Here, one should test a range of coding rates, modulation formats, propagation channels, and UE speeds. Also here, we make a split between full and partial RB allocation.
2.2.1 Full RB allocation

We believe that most of the tests can be performed with full RB allocation. The possible variations are of course countless, but one exemplary test matrix is shown in Table 1. The modulation and coding schemes are taken from [3], and the channel models from [5]. The 64 QAM with full allocation and code rate 5/6 has been omitted here since it is covered in Section ‎2.1.1. 
	Test #
	Modulation and

Coding scheme
	Propagation

model
	Geometry
	Throughput

[kbps]

	1
	QPSK, CR = 2/3
	EPA5
	Low
	TBD

	2
	QPSK, CR = 2/3
	EPA5
	High
	TBD

	3
	QPSK, CR = 2/3
	ETU70
	Low
	TBD

	4
	QPSK, CR = 2/3
	ETU70
	High
	TBD

	5
	QPSK, CR = 2/3
	EVA900
	Low
	TBD

	6
	QPSK, CR = 2/3
	EVA900
	High
	TBD

	7
	QPSK, CR = 1/2
	EPA5
	Low
	TBD

	8
	QPSK, CR = 1/2
	EPA5
	High
	TBD

	9
	QPSK, CR = 1/2
	ETU70
	Low
	TBD

	10
	QPSK, CR = 1/2
	ETU70
	High
	TBD

	11
	QPSK, CR = 1/2
	EVA900
	Low
	TBD

	12
	QPSK, CR = 1/2
	EVA900
	High
	TBD

	13
	16QAM, CR = 1/2
	EPA5
	Low
	TBD

	14
	16QAM, CR = 1/2
	EPA5
	High
	TBD

	15
	16QAM, CR = 1/2
	EVA5
	Low
	TBD

	16
	16QAM, CR = 1/2
	EVA5
	High
	TBD

	17
	16QAM, CR = 1/2
	EVA70
	High
	TBD

	18
	16QAM, CR = 1/2
	ETU70
	High
	TBD

	19
	16QAM, CR = 3/4
	EPA5
	Low
	TBD

	20
	16QAM, CR = 3/4
	EPA5
	High
	TBD

	21
	16QAM, CR = 3/4
	EVA5
	Low
	TBD

	22
	16QAM, CR = 3/4
	EVA5
	High
	TBD

	23
	16QAM, CR = 3/4
	EVA70
	High
	TBD

	24
	16QAM, CR = 3/4
	ETU70
	High
	TBD

	25
	64QAM, CR = 3/4
	EPA5
	High
	TBD

	26
	64QAM, CR = 3/4
	EVA5
	High
	TBD

	27
	64QAM, CR = 3/4
	EVA70
	High
	TBD

	28
	64QAM, CR = 3/4
	ETU70
	High
	TBD


Table 1 Exemplary set of tests to consider for first UE demodulation requirements.
The table does not cover all possible combinations of MCS, propagation and geometry, but a few have been selected for illustration purposes. The selection made here is somewhat arbitrary, and if there are strong reasons for including or avoiding a particular combination, that should of course be done. Otherwise it is most important that the test matrix covers the different degrees of freedom reasonably well. Whether or not the test matrix should be extended or reduced in the first set of requirements is open for discussion. It may very well be that the initial set of requirements is gradually complemented with more combinations.
2.2.2 Partial RB allocation

Whether or not partial RB allocation initially needs to be more extensively tested than outlined in Section ‎2.1.2 is for further discussion. As mentioned in [3], it could be interesting to test the performance for a frequency hopping allocation, which mimics the behaviour of a frequency dependent scheduler. This could be done using either a fixed, deterministic frequency hopping pattern, or a random allocation. Neither of these schemes are of course optimal for maximizing the throughput, but that holds also for the FRC tests as such. It can also be considered to test the performance of time-varying frequency allocation in combination with CQI reporting in some type of VRC tests. For example, it was suggested in [2] that this kind of test could be performed with a strong interferer with time-varying frequency allocation that would make the CQI reports vary in both time and frequency. Since it requires more studies how to set up tests of this kind, we propose to down-prioritize this for now.
3 Multi-antenna transmission

Even though it is suggested that conditions for single-stream transmission requirements are settled first, we believe it is important to consider also multi-antenna schemes from the start. Especially, we believe that there should be at least some MIMO requirements for each of the major schemes defined already in the first release of the LTE specification. This is in order to minimize the risk that there can be equipment that claims to be MIMO compatible even if there are no requirements to ensure the performance. 
4 Conclusions

This documents presents a list of UE LTE demodulation performance requirements for unicast PDSCH to consider for the first set of tests to be defined. It is suggested that high data rate, as well as low data rate tests are performed for all defined reception bandwidths. Furthermore, it is suggested that one bandwidth is selected for more extensive testing in different propagation environments, and for different modulation and coding schemes. A subset of all possible combinations have been selected and presented in an exemplary set of initial tests. This can be used to start the discussion on how large the test set should be, and how it is should be outlined.
In the future it is possible to extend the set of tests further to include more possible combinations. Also for the cases where this is not done, it should be possible to get a reasonable assessment on the expected UE performance in non-tested setups by means of interpolation and extrapolation. As an example, the required throughput values specified in Table 1 are defined only for full allocation in one bandwidth, but can approximately be scaled to other fractional allocations and other bandwidths, even if this just can be used as an preliminary performance assessment.
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