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1 Introduction 
In RAN4 #62bis, SNR definition was discussed in [1].  In this contribution, we provide the follow-up discussion on this issue.
2 Discussion
In current specification 36.101, the SNR is defined as
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Where the 
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 is the received energy per RE. The 
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 is the power spectral density of a white noise source. From the formula above, SNR is defined at the receiver side, which implys that the gain from the beamforming is included in the SNR.  

There are two implementations as shown below.  Without loss of generality, this contribution takes the first implementation diagram for example.
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Figure 1a: TE design digram 1
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Figure 1b: TE design digram 2

The solution we provided in last meeting, that SNR achieved at Rx side should exclude the MIMO beamforming gain, does not point out how to exclude the MIMO beamforming gain [1]. In order to further accelerate the discussion, this contribution shares some methods as below:
Option 1: 
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 in the current definition of SNR is measured on the REs that are not precoded at the Tx side, for example CRS or OCNG RE.
Advantage: 
· The method avoids the impact of instantaneous beamforming gain.

· There is no need to resimulate some demodulation tests and CSI tests

Disadvantage: 
· No.
Options 2: 
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 is defined at the RX side, the random PMI can be used during training period.
Advantage: 

· The method avoids the impact of instantaneous beamforming gain.

· There is no need to resimulate some demodulation tests and CSI tests
Disadvantage: 
· It may cost longer time to have ergodicity of the channel and codebook.
· For TM2, how to randomly select the PMI is FFS. This factor will impact the PDSCH in TM2, PDCCH and other control channel.
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                                Figure 2: Random PMI
Options 3: 
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 is defined at the RX side, the channel can be bypassed.
Advantage: 
· The method avoids the impact of instantaneous beamforming gain.

· There is no need to resimulate some demodulation tests and CSI tests

Disadvantage: 

· NO.
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Figure 3: Bypass 

Options 4: 
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 is defined at the RX side, but only one TX antenna is used for training of the tester.
Two methods can be used:

· Randomly selecting one TX antenna is adopted in this solution. 
· Cycled antenna switch can be adopted and precoding matrix can be model as below:
· Two antennas can adopt the antenna switch as below during the training period:

	· 
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· Four antennas can adopt the antenna switch as below during the training period:
	· 
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	· 
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	· 
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	· 
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· Eight antennas can adopt the antenna switch as below during the training period:
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Advantage: 

· The method avoids the impact of instantaneous beamforming gain.

· There is no need to resimulate some demodulation tests and CSI tests

Disadvantage: 

· The method of SIMO as shown in Figure 4a only turns on one antenna branch, which should cost additional time for the other transmission branch to reach stability. 
· The mothod in Figure 4-b can only send data on one antenna and cycled switch the RF chains. 

[image: image28.emf]Fader BB/RF RF/BB

TE

WX H

noise

UE


Figure 4a: SIMO 
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Figure 4b: Antenna cycling switch 

Next we simulate one Rel-8 case to study the impact. Corrponding simulation assumption is shown in subclause 8.2.2.4.2 case 2 in TS 36.101. 
The MIMO precoding gain is about 3dB in Figure 5. The output SNR is equal to the input SNR in case of random PMI and bypass solutions. It also can be found that bypass solution is more robust than other solution as channel impact has been entirely excluded.
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Figure 5: Output SNR w.s Input SNR 

3 Conclusions
Regarding the SNR definition when there is beamforming gain at Rx side, in this contribution we have studied several solutions. It seems that option 1, option 2 and option 3 are all feasible to achieve the Tx SNR at Rx side, which will all lead to no significant change on Rel8-10 test cases.

It is worth mentioning that all those solutions do not have to be implemented into RAN4 specification TS 36.101. But there might be room for improvement on the test procedure defined in RAN5 spec to make sure the Tx SNR defined in RAN4 specification and be achieved in the real test.
However according to current SNR definition, for closed loop test cases, the requirements are more stringent for UE to pass the tests. In our opinion, a clarification is needed for RAN4 specification. A corresponding CR is provided.
We also propose to send an LS to RAN5 to address this issue and inform them the RAN4 conclusion in the end.
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