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1 Introduction 
In the last meeting (RAN 4 #59) several issues on the verification of CSI reporting were discussed during an ad hoc session, the agreements and way forwards are summarized in [1]. In this contribution we look at the effect the static CQI test and the sub-band test of phase misalignment, and consider the different metrics proposed for the RI reporting test. 
2 Introducing CQI tests with 4 and 8 TX ports
2.1 The PUCCH 1-1 static test
The aim of the PUCCH 1-1 test is to verify the CQI defintion for rank-2 using CSI-RS. For Rel-8 this test is carried out in a 2 x 2 antenna configuration with transmission mode 4 and with a fixed precoder. For Rel-10 and transmission mode 9 it has been agreed to consider M = 4 antennas for FDD and M = 8 antennas for TDD [1]. However, concern was raised by several test vendors (follwing discussions in RAN5) that the increased number of antennas may lead to requirements on accuracte phase alignement between the TX ports for the static tests. 
To consider the impact of phase misalignement error we assume that the precoder B applied is multipled from the left-hand side by a diagonal matrix

(2.1)
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with f the frequency so that the effective precoder becomes


B’ = FB
which means that the beamforming for the PSDCH and the DMRS is modified, but also that the CSI-RS is also affected by the same phase misalignent F. It may be that the phase error is time-invariant. One possible component of the total error is timing misalignment between the TX ports due to different delays, hence
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where tj is the time-misalignment per TX port. For the eNB, the requirement between any two ports is 65 ns just to give an example.

The misalignment may not be a problem for at any given SNR or any number of TX ports, for the test requirement is relative: 
wideband CQI1 = wideband CQI0 – Codeword 1 offset level

and
The wideband CQI1 shall be within the set {median CQI1 -1, median CQI1 +1} for more than 90% of the time, where the resulting wideband values CQI1 shall be used to determine the median CQI values for codeword #1. For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 – 1 and median CQI1 – 1 shall be less than or equal to 0.1. Furthermore, for both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 + 1 and median CQI1 + 1 shall be greater than or equal to 0.1.

The codeword 1 offset level is not specified, and might also accommodate a phase misalignment error for M = 4 or M = 8. The offset level can be up to 4 CQI steps (the SNR difference of the order of 8 dB). The purpose of the test is still met: to verify the CQI definition for each code word. Any time alignment between the ports will make the channel frequency selective in practice since the static channel is not orthogonal for M > 2, but again this may not affect the outcome of this wideband test. 
The phase-misalignment may pose a problem for the test configuration with the +1 dB offset. The purpose of this offset is that a UE might not meet the requirements if the input SNR is in the neighbourhood of the upper boundary of the reporting range for a CQI value. The tests are therefore carried out at two levels with a +1 dB offset: if the test is failed for one of the code words at the test points due to an unfortunate input SNR level, the test should be passed for the other level. However, the phase misalignment may also change when the SNR level is changed in the test equipment when increasing the TX port level by +1 dB. This also means that the post-detected SNR may also be changed by the phase misalignment error for M > 2, so that the +1 dB compensation is not fully effective. This can make the test unstable for M > 2.
The safest bet to come around the phase misalignment problem appears to revert to M = 2, the purpose of the test is still met and the CQI definition is verified for any given PMI.  
2.2 The SB test

For the sub-band test in Rel-8 the channel must be “fully correlated” so the that sliding periodic pattern in the frequency domain as generated by the two-tap model defined in clause B.2.4 of  36.101:
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appears identical on the two RX ports (the same h(t,τ) is used to describe the fading channel between every pair of Tx and Rx), any timing misalignment for M = 1 is picked up by the channel estimation. Increasing the number of TX ports to M = 4 and M = 8 with a timing-misalignment according to (2.1) implies that the frequency response of the channel will change. If the timing misalignment is small enough this may still no jeopardise the functionality of the test case.

To this end we present simulation results based on CRS estimation. This is a deliberate violation of the Rel-10 specification but chosen to isolate the effects of the timing misalignment by means of the improved channel estimation achievable by using CRS instead of the more sparse CSI-RS. We assume M = 4 and that the timing errors of the TX ports in (2.1) is t0 = 0 ns, t1 = 65 ns, t2 = 0 ns and t3 = 65 ns, no other phase errors are assumed. The relative thoughput results and the BLER are shown in Table 1, in which N denotes perfect time alignment of the TX ports. 

Table 1: sub-band test with and without timing misalignment errors for M = 4
	SNR

[dB]
	Time delay

[Y/N]
	Throughput ratio


	BLER

	9
	N
	1.65
	0.313

	9
	Y
	1.57
	0.371

	10
	N
	1.69
	0.249

	10
	Y
	1.56
	0.350


The impact on the throughput ratio is small in this case for the timing misalignment is small in comparison with the time delay of the channel (450 ns). The throughput test may still work as long as there is sufficient variability in the freqnecy domain, even if the effective channel is now not longer characterised by a well-defined periodic pattern. 

Another purpose of the sub-band test is to verify that excessive averaging is not carrier out in the frequency domain. This is carried out by requiring that the number of reports for sub-band index 0 is within a prescribed interval for each sub-band. The timing misalignment will change the distribution of the sub-band reports. Figure 1 shows the results for SNR = 9 dB with perfect timing (first row of Table 1), and Figure 2 the corresponding results for the timing errors assumed above (second row of Table 1).
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Figure 1: sub-band distribution with perfect timing.
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Figure 2: sub-band distribution with timing misalignment.

Hence the phase misalignment F has an impact on the distribution of the sub-band indicies. However, the requirement on sub-band differential offset level (index) 0 is quite relaxed: the frequency of reports should be between 2 and 55%, which would allow a large timing misalignment. Hence, the timing misalignement for M > 2 may not be the biggest problem with the test if not too excessive, but rather the relaxed requirement for penalising excessive averaging in the frequency domain.
Regardless of the fact that the relaxed requirement for the sub-band differential CQI offset level 0 may jeopardise the purpose of the test, decreasing the number of TX ports will alleviate the effects of the timing misalignment (or any other phase misalignment).

3 Test metric for RI reporting
Before discussing the RI tests we take a step back and consider the aim of a RI test

1.
that the UE report correct rank depending on the channel

2.
that the UE report correct CQI depending on the rank and it then can decode the transport blocks at correct BLER

3.
that the does not report rank depending on SNR

Item 2 is covered by the static CQI tests for one and two code-words. For CRS, Items 1 and 3 are covered by the current Rel-8 tests at the high SNR test point. This test point is not penalizing an advanced receiver as discussed in [2], the Rel-8 RI test for the high SNR point can therefore be reused for CSI-RS based reporting.

To increase coverage of Item 1 above, a low SNR test can be considered, but a different test metric may have to be considered in order not to penalize an advanced receiver. Using an absolute VRC test might be less efficient since averages of many simulation results are used and implementation margins and test tolerances are added on top of this. The relative tests are less sensitive to the test tolerance so it is proposed to continue along this route. Following [2], the throughput ratio is essentially given by

 = p(A-1) + 1, 

assuming that RI = 1 is selected p% of the time and RI = 2 for (1-p)% of the time and with A = T1 /T2 the ratio of the throughput for fixed RI = 1 transmission (T1) to fixed RI = 2 transmission (T2). 
Recalling that it is the RI reporting that is under test, it would be reasonable from a user- and system-performance standpoint that a receiver of any kind – be it advanced or baseline – would report a larger fraction of RI=1 if T1  > T2  and RI=2 if T2  > T1 at the prevailing channel conditions. This is essentially the proposal in [3] in which it is proposed to

If percentage of reported Rank-2 is greater than Rank-1 reports (p < 0.5)
A
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ 1
If percentage of reported Rank-1 is greater than Rank-2 reports (p > 0.5)
B.
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥2” 
To verify the functionality, it may be reasonable to use the throughtput as the condition rather than the report: if T2 > T1  then A is chosen, whereas if T1 > T2  then B is chosen. Hence we can write


 = Tf / min(T1 , T2)
with Tf  the follow-RI throughput. To decrease the test time one could alternatively record the fraction of RI=2 reports when T2 > T1 and the freaction of RI=1 reports when T1 > T2, then there is no need to record Tf.

The above might still penalize an advanced receiver, but we at least allow a leeway for a receiver that achieves T2 > T1 at the low SNR test point. An advanced receiver would presumably beat the baseline on any account, which also means achieveing a higher rank-R throughput when the channel conditions are rank-R for a channel in which the rank is known a priori. However, this is more of an FRC demodulation test rather than a reporting test. 
If advanced means the ability to report a larger fraction of rank-2 reports under low SNR, which should correspond to T2 > T1 under those conditions, then the requirement for low SNR could be that

· the ratio of the rank-2 reports rank-1 reports should be larger than a prescribed value as proposed in [4], or simply put a requirement on the frequency of rank-2 reports. 

The ratio (3.1) is the same as the metric proposed in [5]
(3.2)
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with  = 0.  would be the parameter governing the requirement. Figure 3 shows the follow-RI throughtput and that calculated by the metric (3.2) for the high-SNR test points of the Rel-8 test cases, again cheating and using the CRS for estimation to focus on the difference between the metrics. We note that  = 1, or close to, in both cases.
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Figure 3: RI reporting at SNR = 20 dB as a function of  (CRS for wanted signal).
Figure 4 shows the results for the slow-SNR test point of the Rel-8 test case. Again,  is close to unity. 
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Figure 4: RI reporting at SNR = 0 dB as a function of  (CRS for wanted signal).

Summing up: to verify that the UE reports the “correct” rank (Item 1 above) in a test complementary to the high-SNR cases, one could either
· use a method similar to that proposed in [3] to verify reporting performance for any kind of receiver

· or use the method in [6] if the ability to report and achieve a higher rank-2 throughut at low SNR is the aim. 
From a system- and user-performance viewpoint, the relative throughtput should be greater than unity regardless of type of receiver, and indicates the performance gain obtained when scheduling according to the UE reports. If the aim is to promote advanced receivers, it may be better to devise a demodulation test case at low SNR with fixed rank-2 or use an absolute throughput test (VRC) as proposed in [7]. However, setting a relevant requirement, the bar for an “advanced receiver”, would be challenging as discussed above; the purpose of the tests is to verify the RI reporting. 

4 Conclusions

In this contribution we have considered the problem of phase misalignment when the number of TX ports is increased beyond two, and looked at the metrics proposed for the RI test. 
Decreasing the number of TX ports appears a safe bet to minimise the effects on the static and the sub-band CQI tests of phase misalignment. Accurate phase calibration may be needed otherwise to make the tests robust. The PUCCH 1-1 static test can equally well be carried out with two ports, and the sub-band test with only one, perhaps two if single-antenna is not palatable.

The dynamic CSI tests, on the other hand, such as the wideband CQI fading test, the PMI and RI tests can be carried out with 4 or 8 TX ports.

For the RI reporting test, the method proposed in [3] appears the most useful if reporting accuracy is the aim given any type of receiver.
If the throughput obtain with fixed rank-2 is greater than that obtained with fixed rank-1:
A
the ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ 1, or alternatively a  requirement on the frequency of rank-2 reports,

otherwise
B
the ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥2, or alternatively a  requirement on the frequency of rank-1 reports. 
If the aim is to verify the ability to report and achieve a higher rank-2 throughut at low SNR then the method in [4] may be employed.

We remark that the use of CRS for the wanted signal in the simulations above is only for the purpose of more clearly demonstrating the effect of phase errors and the difference between RI metrics given the denser CRS mapping in the resource grid. The reporting tests should be devised such that it is verified that the CSI-RS is actually used, e.g. using one CRS port for the RI test. 
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