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1 Introduction

In the past two RAN4 meetings (#52bis and #53), some discussion papers and proposals on verification methodology of dual-layer beamforming are presented [1-6]. As pointed out in [7], some open issues still remain in defining the performance framework.

In this contribution, we discuss some remaining issues and provide our views to be considered in RAN4 for finalised test configurations.

2 Discussion
Test mode and scenarios
The work on defining performance requirements for the enhanced dual-layer transmission (beamforming) Rel-9 work item in RAN4 was initiated by the RAN1 LS in [7], in which UE performance with rank-1 PDSCH transmission in the presence of intra-cell and inter-cell interference was requested to be verified. Extending from this request, the idea of testing rank-2 transmission was also considered in [2] and [5]. In our view, it would be good to consider all three proposed scenarios from a feature testing coverage standpoint. Since feature handling agreement was reached [8] on mandating Rel-9 TDD UEs to support transmission mode 8, implying optional for FDD UEs as also the case in Rel-8, we suggest to focus on defining demodulation tests for TDD only at least for the moment.

In [2], the concept of combining rank-1 SU and MU tests with a specific duty cycle (e.g. 50%), on/off switching of co-scheduled UE, was briefly introduced. We think it is necessary to incorporate this idea to reduce the number of test cases and effort. Furthermore this test concept could be beneficial since it is also expected that such operating scenarios exist in practice. Therefore, two envisioned test scenarios are:
1) Rank 1 transmission – two users with x % duty cycle of co-scheduled UE

2) Rank 2 transmission
For the selection of value x %, it is hard to predict what would be a realistic scenario. However, since the idea is based on combining the original thinking of SU and MU test cases, an extreme setting of x (e.g. 10 or 90) would have a direct impact on the overall throughput performance and would not be favourable.
Power setting of co-scheduled UE and test case design
In the case of rank-1 MU transmission, several different power settings for the co-scheduled UE in relation to the intended UE should be considered to mimic realistic operation. Since the power level for the interfering user would have a profound impact to the over throughput of the intended UE, we suggest to include test cases with:

· High interfering power pair with low MCS (QPSK 1/3) for the target UE
· Low interfering power pair with high MCS (64QAM ¾) for the target UE
· If considered necessary, one more test case to have equal interfering power and transmit power for the target UE pair with medium MCS (16QAM ½) for the target UE
Therefore, we envision the following cases for testing rank-1 transmission:
Table 1: Test cases for rank-1 transmission

	Scenario
	Bandwidth
	MCS
	User roles
	Power offsets [dB]
	Propagation model
	Antenna correlation
	Verification point

	1
	10MHz
	QPSK 1/3
	[W I]
	[0 4]
	ETU70
	Medium
	70% TP

	2
	10MHz
	64QAM ¾ 
	[W I]
	[0 -4]
	EPA5
	Medium
	70% TP

	3
	10MHz
	16QAM ½  
	[W I]
	[0 0]
	EVA5
	Medium
	70% TP


Note 1: W=wanted user, I=interfering user
Note 2: The power offsets (per user) represents the transmit power difference relative to the wanted user.

Power normalization in the case of multi-user or during the duty cycle when the interfering UE is “switched on” could be done as proposed in [4], in which the thinking in PHICH case is reused. As such, the current SNR definition in 36.101 would still be applicable and valid for the verification of rank-1 transmission having SU and MU within the same test.
Furthermore, if random selection of precoder could be agreed upon for both SU and MU scenarios, we propose to model the data of the interfering signal as OCNG.
Reference receiver
Some discussion on the selection of reference receiver for all test scenarios is provided [2], in which an MMSE receiver is considered for the dual-layer transmission testing. Since the BS beamforming model is likely to be modelled as a random selection of the existing 2-layer precoder codebook for simplicity and timely completion of the work, this test scenario would somewhat resemble Rel-8 rank-2 transmission testing with channel dependent precoding. We agree that MMSE could be assumed as the reference receiver.
In the case of rank-1 transmission with SU, again there are closely resembled test cases in Rel-8 (rank-1 transmission with channel dependent precoding). And thus in most cases, Rel-9 dual-layer beamforming testing could almost be seen as feature testing. This has been also pointed out in [2], that “the aim should not be to strive for the maximum performance nor to attempt to model any BS specific beamforming scheme”. Therefore in our view, MRC as the reference receiver for rank-1 SU and MU testing would be sufficient to achieve this test objective.
Precoding granularity

Selection of precoding granularity for frequency and time domains should be dependent on realistic use cases for the feature under test. In practice, UE should expect that BS beamforming weights could be different for every PRB. In addition, the UE is also expected to function correctly in the case where only single PRB is allocated. Therefore, in order to ensure proper implementation of the receiver, the same precoder update granularity in TS36.101 Rel-8 DRS tests should be adopted. That is, 1 PRB and 1ms in the frequency and time domains, respectively.

3 Conclusion
In this contribution, we discussed some remaining open issues in defining the demodulation framework for Rel-9 dual-layer beamforming and provided our views to be considered in finalising the test configurations. In summary, we proposed the following:
To define two test scenarios and configuration as follows:

· Rank 1 transmission – two users with x % duty cycle of co-scheduled UE

· Value of x should not be in the range of extreme ends (e.g. 10 or 90)
· BS beamforming is to be modelled as a random selection of the existing 1-layer precoder codebook

· Unequal power allocation between users should be considered
· The data of the interfering user is to be modelled as OCNG
· Reference receiver: MRC

· Precoding granularity: 1PRB in the frequency domain, 1ms in the time domain

· Three tests with different MCS and propagation channel conditions as proposed in Table 1
· Rank 2 transmission
· BS beamforming is to be modelled as a random selection of the existing 2-layer precoder codebook
· Equal power allocation between layers

· Reference receiver: MMSE
· Precoding granularity: 1PRB in the frequency domain, 1ms in the time domain
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