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Introduction
In RAN Plenary Meeting #78, the Rel.15 WI “UE requirements for LTE DL 8Rx antenna ports” has been approved and its WID is included in [1]. In the scope of the WID [1], there is part related to RAN4 UE demodulation/CSI performance tests as shown below:

· For UE demodulation/CSI requirements
· Define channel model for downlink 8Rx antennas
· Specify the antenna configuration and MIMO channel correlation matrices for 8Rx antennas;
· Specify the static channel model;
· Define test cases for the rank lower than or equal to 4.
· Adopt the test cases studied in SI to define requirements.
· Define test cases for the rank higher than 4 in fading channel.
· Base on combinations of rank and MCS that can achieve the maximum configured throughput.
· Define SDR test for 8Rx in WI.
· Define CSI test for 8Rx.
· No PDCCH/PCFICH demodulation requirement is expected for 8Rx.
· Considering the test coverage of 8Rx, test applicability rule is needed to define
· Define applicability rule of existing performance requirements for 8Rx capable UEs.
In this contribution, we provide our views on defining the applicability rules of existing performance requirements for 8Rx capable UEs.

Discussion
Applicability rules of 2Rx and 4Rx test cases for 8Rx capable UE
For 8Rx capable UE’s performance requirements, the legacy 2Rx and 4Rx tests can be reused using certain applicability rules. Firstly, it is important to differentiate “8Rx capable UE” and “8-layer capable UE” depending on the UE capabilities, because an 8Rx capable UE may not be capable of supporting up to 8 MIMO layers. However, an 8Rx capable UE should be able to provide better performance (in terms of SNR requirements) than 2Rx and 4Rx UEs when the same number of MIMO layers are transmitted. It then requires the 8Rx capable UE to pass a subset of existing legacy 2Rx and 4Rx tests with SNR gains compared to 2Rx and 4Rx UEs. The exact set of legacy 2Rx and 4Rx tests for an 8Rx capable UE to pass can be FFS.

In TS36.101 [2], it defines the applicability rule and antenna connection for a 4Rx capable UE to pass 2Rx test cases as follows:

“For 4Rx capable UEs all single carrier tests specified in 8.2 to 8.8 with 2Rx are tested on any of the 2 Rx supported RF bands by connecting 2 out of the 4Rx with data source from system simulator, and the other 2 Rx are connected with zero input, depending on UE’s declaration and AP configuration. Same requirements specified with 2Rx should be applied.
For 4Rx capable UEs without any 2Rx RF bands, all single carrier tests specified in 8.2 to 8.8 with 2Rx are tested on any of the 4Rx supported RF bands by duplicating the fading channel from each Tx antenna and add independent noise for each Rx antenna. Figure 8.1.2.6.1-1 shows an example of antenna connection for 4Rx UE in any one 4Rx supported RF band to perform a 2Rx performance test with antenna configuration as 2x2 without interference for information. The SNR requirements should be applied with 1.5 dB less than the number specified with 2Rx for test configuration with CRS-based TM and with 1.5 dB less than the number specified with 2Rx for test configuration with DMRS-based TM.”


Figure 8.1.2.6.1-1 Antenna connection example for 2Rx tests with antenna configuration as 2x2 without interference (informative)

Similarly, we consider that 8Rx capable UEs need to pass a subset of existing legacy 2Rx and 4Rx tests, and the exact set of legacy 2Rx and 4Rx tests for an 8Rx capable UE to pass are FFS. In addition, similar methodology can be applied to defined applicability rules for 8Rx capable UEs to pass legacy 2Rx and 4Rx tests. Therefore, we propose the following proposals:

Proposal 1: For an 8Rx capable UE, it needs to be tested on any test case specified in 8Rx WI on any of the 8Rx supported RF bands by connecting all 8Rx with data source from system simulator.

Proposal 2: For an 8Rx capable UE to be tested in legacy 2Rx tests on any of the 2Rx supported RF bands, 2 out of the 8Rx are connected with data source from the system simulator and the other 6Rx are connected with zero input, depending on UE’s declaration and AP configuration. Same requirements specified with 2Rx should applied.

Proposal 3: For an 8Rx capable UE to be tested in legacy 4Rx tests on any of the 4Rx supported RF bands, 4 out of the 8Rx are connected with data source from the system simulator and the other 4Rx are connected with zero input, depending on UE’s declaration and AP configuration. Same requirements specified with 4Rx should applied.

Proposal 4: For an 8Rx capable UE to be tested in legacy 2Rx tests on any of the 8Rx supported RF bands, similar antenna connection methodology in the above Figure 8.1.2.6.1-1 can be applied that the fading channel from each Tx antenna is duplicated and independent noise for each Rx antenna is added. One antenna connection example to reuse 2Rx tests was discussed in [3]. The SNR requirements should be applied with 3 dB less than the number specified with 2Rx for test configuration with CRS-based TM and with 3 dB less than the number specified with 2Rx for test configuration with DMRS-based TM.

Proposal 5: For an 8Rx capable UE to be tested in legacy 4Rx tests on any of the 8Rx supported RF bands, one antenna connection example is proposed in Figure 1 below for test cases with 2Tx. The SNR requirements should be applied with 1.5 dB less than the number specified with 4Rx for test configuration with CRS-based TM and with 1.5 dB less than the number specified with 4Rx for test configuration with DMRS-based TM.
[image: ]

Figure1 Antenna connection example for 8Rx capable UE under legacy 4Rx tests

Proposal 6: For an 8Rx capable UE to be tested in legacy 4Rx tests with 4Tx on any of the 8Rx supported RF bands, the antenna connection can be similarly derived according to Figure 1 above by adding two more Tx chains. The SNR requirements should be applied with 1.5 dB less than the number specified with 4Rx for test configuration with CRS-based TM and with 1.5 dB less than the number specified with 4Rx for test configuration with DMRS-based TM.
Views on applicability rules of CRS-based demodulation
In RAN4#86bis Meeting, a WF [4] was agreed, which includes one FFS issue: “FFS for applicability rule of CRS-based demodulation and SDR test for a UE that supports 8Rx processing only in case the UE is configured with transmission modes supporting more than 4 layers.”

In our view, such applicability rule of CRS-based demodulation and SDR test may not be necessary, because, based on the discussion in Section 2.1 above, when an 8Rx capable UE works on any of the 8Rx supported RF bands, it needs to proof its capability to achieve better performance (in terms of SNR numbers) than 2Rx and 4Rx UEs. 

Moreover, there was also discussion on scenarios that an 8Rx UE may fall back to a 2 or 4Rx UE if the UE is configured with ranks no higher than 4. It was claimed that doing “fall back” may be able to save UE’s power. However, since 8Rx capable UE most likely would be a variety of CPE devices, for which the power consumption would not be a major concern for the device operation. Also, falling back to 2 or 4Rx would sacrifice 8Rx UE’s demodulation performance for ranks lower than, or equal to, 4. More importantly, it may not often happen for a UE to be configured with higher than 4 ranks. Therefore, allowing 8Rx UEs to “fall back” would result in this 8Rx feature seldom to be activated in practice.   

[bookmark: _GoBack]Proposal 7: Not to define applicability rule of CRS-based demodulation and SDR test for a UE that supports 8Rx processing only in case the UE is configured with transmission modes supporting more than 4 ranks.
Conclusion
In this contribution, we provide our views on defining the applicability rules of existing performance requirements for 8Rx capable UEs.

Proposal 1: For an 8Rx capable UE, it needs to be tested on any test case specified in 8Rx WI on any of the 8Rx supported RF bands by connecting all 8Rx with data source from system simulator.

Proposal 2: For an 8Rx capable UE to be tested in legacy 2Rx tests on any of the 2Rx supported RF bands, 2 out of the 8Rx are connected with data source from the system simulator and the other 6Rx are connected with zero input, depending on UE’s declaration and AP configuration. Same requirements specified with 2Rx should applied.

Proposal 3: For an 8Rx capable UE to be tested in legacy 4Rx tests on any of the 4Rx supported RF bands, 4 out of the 8Rx are connected with data source from the system simulator and the other 4Rx are connected with zero input, depending on UE’s declaration and AP configuration. Same requirements specified with 4Rx should applied.

Proposal 4: For an 8Rx capable UE to be tested in legacy 2Rx tests on any of the 8Rx supported RF bands, similar antenna connection methodology in the above Figure 8.1.2.6.1-1 can be applied that the fading channel from each Tx antenna is duplicated and independent noise for each Rx antenna is added. One antenna connection example to reuse 2Rx tests was discussed in [3]. The SNR requirements should be applied with 3 dB less than the number specified with 2Rx for test configuration with CRS-based TM and with 3 dB less than the number specified with 2Rx for test configuration with DMRS-based TM.

Proposal 5: For an 8Rx capable UE to be tested in legacy 4Rx tests on any of the 8Rx supported RF bands, one antenna connection example is proposed in Figure 1 below for test cases with 2Tx. The SNR requirements should be applied with 1.5 dB less than the number specified with 4Rx for test configuration with CRS-based TM and with 1.5 dB less than the number specified with 4Rx for test configuration with DMRS-based TM.

Proposal 6: For an 8Rx capable UE to be tested in legacy 4Rx tests with 4Tx on any of the 8Rx supported RF bands, the antenna connection can be similarly derived according to Figure 1 above by adding two more Tx chains. The SNR requirements should be applied with 1.5 dB less than the number specified with 4Rx for test configuration with CRS-based TM and with 1.5 dB less than the number specified with 4Rx for test configuration with DMRS-based TM.

Proposal 7: Not to define applicability rule of CRS-based demodulation and SDR test for a UE that supports 8Rx processing only in case the UE is configured with transmission modes supporting more than 4 ranks.
Reference
[1] R4-172842, “New WI proposal: UE requirements for LTE DL 8Rx antenna ports”, Huawei, HiSilicon, Dec. 2017
[2] TS36.101, “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception”
[3] R4-1805300, “Discussion on test applicability rule for 8Rx”, Huawei, HiSilicon, April 2017
[4] R4-1805552, “Way forward on 8Rx demodulation requirements”, Huawei, April 2018
image1.emf
SS

Splitter

Splitter

Fader 1

Fader 3

Fader 2

Fader 4

∑ 

∑ 

Splitter

Splitter

AWGN 

Gen 1

AWGN 

Gen 2

AWGN 

Gen 3

AWGN 

Gen 4

4Rx UE 

under tests

Tx 1

Tx 2

∑ 

∑ 

∑ 

∑ 

Rx 1

Rx 2

Rx 3

Rx 4


Microsoft_Visio_Drawing1.vsdx
SS
Splitter
Splitter
Fader 1
Fader 3
Fader 2
Fader 4
∑
∑
Splitter
Splitter
AWGN Gen 1
AWGN Gen 2
AWGN Gen 3
AWGN Gen 4
4Rx UE under tests
Tx 1
Tx 2
∑
∑
∑
∑
Rx 1
Rx 2
Rx 3
Rx 4



image2.png
AWGN

2
@

AWGN

splitter

AWGN

2 Rx1
Splitter
AWGN “
Ry
1 splitter P2 nre
AWGN “
2 Rx3
Splitter
AWGN “
s Rx 4
AWGN |
2 Rx5
Splitter
2 Splitter AWGN
3
—
3
—
3

8Rx
UE
under
tests





