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1 Introduction

The WI for LTE DL 4Rx is approved in [1] from plenary with the objectives as following for the UE demodulation and CSI part. In this contribution we provide general overview of the feature itself with aspects related to UE performance tests that should be considered within this WI.
4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

4.2.1
General 

· Define proper antenna configuration, MIMO channel correlation matrices, propagation channel condition for 4 Rx AP based MIMO in order to support UE performance and CSI requirement
· The demodulation requirements should be defined in scenarios where 4 Rx APs are verified with substantial gains. Fallback to 2 Rx AP in other scenarios should be allowed.
4.2.2
UE demodulation requirement with 4 Rx AP
The objectives for demodulation requirements of PDSCH for 4 Rx AP are the following

· Specify UE performance requirements with 4 Rx antenna including

· Demodulation of PDSCH (Cell-Specific Reference Symbols)

· Demodulation of PDSCH (User-Specific Reference Symbols)

· PDSCH demodulation requirements support up to 4 layers.

· No prioritization on number of layers.

· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 

The objectives for demodulation requirements of control channels for 4 Rx AP are the following 

· Study feasibility of control channels demodulation with 4 Rx antenna with respect to

· Impact on UE power performance

· System benefit

· UE behavior in network

· The outcome of the feasibility study is decision on whether control channel demodulation performance needs to be specified and which control channel needs to be specified.

· Specify control channels demodulation performance based on the outcome of the above feasibility of using 4 Rx for control channels.

4.2.3
UE CSI requirement with 4 Rx AP
The objectives for CSI requirements for 4 Rx AP are the following 
· WI scope includes CSI requirements for 4 Rx antenna including 

· CQI

· PMI

· RI

· CSI requirements support up to 4 layers.

· No prioritization on number of layers.

· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 

2 Discussions 
2.1 UE category with 4 layers

The UE category and UE DL category are defined as shown in Table 1 copied from [2] where the last 2 columns are added to indicate which TM could support 4 layers with signalling. The capability as “supportedMIMO-CapabilityDL-r10” is also copied here as following to indicate that the capability to support MIMO with more layers than the ones indicated from each UE category is only defined for TM9 and TM10. 
4.3.4.7
supportedMIMO-CapabilityDL-r10

This field defines the number of spatial multiplexing layers in the downlink direction in a certain supportedBandCombination supported by the UE.

The support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category or ue-CategoryDL in the UE-EUTRA-Capability IE is only applicable to transmission mode 9 and transmission mode 10.
For TM3 and TM4 as shown in Table 1 the 4 layers operations can only be supported by limited UE categories, such as UE category 5, 8 and UE DL category 14. The other UE categoris are only supported by TM9 and TM10 with 4 layers. This was due to the decision made in RAN1 since Rel-10 to promote DMRS-based TM for further network envolvements and was agreed by all companies.
Observation 1: 4 layers operation with TM3 and TM4 can only be supported by limited UE categories as UE category 5, 8 and UE DL category 14. 4 layers operations with TM9 and TM10 can be supported by all necessary UE categories.
Among the limited UE categories, UE category 5 is defined since Rel-8 with support to maximum 4 layers but without possibility to support 256QAM, whereas UE category 8 and UE DL category 14 are defined with support to maximum 8 layers but with huge soft buffer size which requires hardware to be used for memory and can’t be taken as reasonable hardware dimensions for Rel-13 UEs to support typical 4 layers operations. With such disadvantage these UE categories are considered to be unrealistic for Rel-13 UEs to support 4 Rx features.
Observation 2: The limited UE categories are considered to be unrealistic for Rel-13 UEs to support 4 Rx features due to the fact UE category 5 can’t support 256QAM and UE category 8 and UE DL category 14 require too much hardware memory for soft buffer.
With the observations above it’s necessary to only define 4 layers UE performance tests with TM9 and TM10 with the other necessary UE categoris.
Proposal 1: Only define 4 layers UE performance tests with TM9/TM10 with UE categories other than 0, 1, 5, 8, and 14.

Table 1 UE category and UE DL category

	UE Category/ UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL
	Four or more layers with TM9/10
	Four layers with TM3/4

	DL Category 0
	1000
	1000
	25344
	1
	N
	N

	Category 1
	10296
	10296
	250368
	1
	N
	N

	Category 2
	51024
	51024
	1237248
	2
	Y (if signalled)
	N

	Category 3
	102048
	75376
	1237248
	2
	Y (if signalled)
	N

	Category 4
	150752
	75376
	1827072
	2
	Y (if signalled)
	N

	Category 5
	299552
	149776
	3667200
	4
	Y
	Y

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4
	Y (if signalled)
	N

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4
	Y (if signalled)
	N

	Category 8
	2998560
	299856
	35982720
	8
	Y
	Y

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4
	Y (if signalled)
	N

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4
	Y (if signalled)
	N

	Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	Y (if signalled)
	N

	Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	Y (if signalled)
	N

	DL Category 13
	391632
	195816 (4 layers)
97896 (2 layers)
	3654144
	2 or 4
	Y (if signalled)
	N

	DL Category 14
	3916560
	391656
	47431680
	8
	Y
	Y

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


2.2 UE capability for UE with 4Rx

4 Rx antennas are meant to improve the receiver performance from UE side. Similar to the other receiver improvement feature such as IRC receiver, or SU-MIMO receivers, it is sufficient to include 4 Rx as an optional, as “declared” feature to be tested.
Observation 3: The 4 Rx is meant to improve receiver performance in various deployement scenarios and user cases.
Proposal 2: The feature of supporting 4 Rx AP from UE side should be an optional UE feature for Rel-13.
As the REFSENS level for each band with 4 Rx would be different there is capability signalling needed to indicate if a 4Rx is supported from UE side or not in any specific band. Also, the 4 Rx UE should target bands higher than 2 GHz due to the fact that the antenna arrangement may not support 4 Rx with too large wavelengths compared to the size of the UE [10]. So the UE capability of 4 Rx should be band specific, mainly for bands higher than 2GHz range.

Proposal 3: The UE capability of 4 Rx should be band specific.

It has been noticed for lower bands the channel correlation among antennas could be rather high which leads to performance degradation and due to such high correlation the high rank operation may not be feasible as shown in [3]. But such limitation only impacts the high rank operation which will not limit the number of Rx antennas. With more Rx antennas the diversity gain could be rather substantial even if with 2 layers operation also shown in [3]. And as discussed in previous sub-clause there is UE capability signalling as supportedMIMO-CapabilityDL per CA band defined in [4] to indicate the number of supported layers for spatial multiplexing in DL from UE side such capability is already per CA band so it can be concluded with the supported band the deployment of high rank is possible. We propose as similar to all the other UE performance tests, all the UE performance tests with 4 Rx should be defined as band independent tests.
Observation 4: With supported bands the high rank operation with 4 Rx is possible.
Proposal 4: All UE performance tests with 4 Rx should be defined as band independent tests.

2.3 Channel correlation and antenna configurations

The existing channel correlations specified in [5] are defined since Rel-8 with limited usage of higher rank. It has been discussed in [6] that the existing medium correlation is with too high correlation from UE side and a new medium correlation configuration with more practical considerations is needed. Furthermore with simulation results shown in [3] it’s clear a better antenna configuration as Xpol fits better for more Rx antennas than ULA. Therefore we propose to focus on defining UE performance tests with new medium channel correlation and Xpol as the preferred antenna configuration.
Observation 5: The existing channel correlation doesn’t match to practical usage of more Rx antennas.

Observation 6: Xpol gives much better throughput performance than ULA.

Proposal 5: Focus on defining UE performance tests with new practical channel correlation and Xpol as the preferred antenna configuration.
2.4 Tx EVM for UE performance tests with 4Rx
Under Rel-12 small cell enhancement WI the UE performance tests with 256QAM are defined with the assumption to have Tx EVM as 3% in order to achieve a SNR/SINR point to be higher than the legacy UE performance tests.
Observation 7: UE performance tests with 256QAM defined in Rel-12 are with the assumption to have Tx EVM as 3% in order to achieve a SNR/SINR point to be higher than the legacy UE performance tests.

With 4 Rx with high rank such as rank 3 and rank 4 with results shown in [3] it may require a higher SNR/SINR point in order to get decent throughput performance. Since the 4 Rx work is a Rel-13 feature it should be reasonable to assume similar condition as 256QAM, and hence to have a lower Tx EVM number in order to achieve a higher SNR/SINR point.
Observation 8: Higher rank e.g. rank 4 with 4Rx requires higher SNR/SINR level to reach decent throughput performance.

Proposal 6: Assume Tx EVM as 3% for UE performance tests with 4 Rx, similar as 256QAM tests in order to support higher SNR/SINR test point with high rank.

2.5 Power settings for UE performance tests with 4Rx
During the SI discussion in RAN4#74 concerns on the power consumption with 4 Rx were raised and it was decided that “the demodulation requirements should be defined in scenarios where 4 Rx APs are verified with substantial gains.” 
The power settings for UE performance tests were discussed and decided since Rel-8 with one of the docuements [7] pointing out that the Noc should be set as “REFSENS plus substantial margin and then divided by the number of subcarriers for a 15 kHz spacing”. With 4Rx similar approach should be kept, such as substantial margin beyond REFSENS but with more consideration to have a reasonable power level (not too high power level) in order to save power consumption to better map a realistic deployment scenario.
Proposal 7: The power level set for UE performance tests with 4 Rx should be with considerations as substantial margin beyond REFSENS, but not too high in order to save power consumption to better map a realistic deployment scenario.
As the band specific REFSENS levels are under discussions from RF side such power level settings for UE performance tests could be decided later based on the outcome from RF side, like to take a highest REFSENS level among all bands as the baseline to consider the general power level for UE performance tests.

Proposal 8: The power level set for UE performance tests with 4 Rx should be based on the outcome from RF side on the REFSENS level, e.g. to take a highest REFSENS level among all bands as the baseline to consider the general power level for UE performance tests.
2.6 Features to be extended with 4Rx

4 Rx is a Rel-13 feature with the main purpose to define proper UE performance tests with 4 Rx. But the existing specification includes all the tests with legacy features. For these features with the UE performance tests defined under particular deployment scenarios such as eICIC, FeICIC, DL-CoMP, it’s not necessary to extend these tests with 4 Rx under such deployment scenario. This is due to for 4 Rx should be widely used for all possible deployment scenarios as a receiver improvement. So if the feature is checked under general condition it should fulfil the purpose to verify UE performance with 4 Rx but not necessarily limited to certain deployment scenarios. It’s not possible to extend all existing UE performance tests from 2 Rx to 4 Rx with allocated TUs for this WI.
Observation 9: It’s too much work load to extend all existing UE performance tests from 2 Rx to 4 Rx.

Proposal 9: No need to extend UE performance tests with 4 Rx defined under particular deployment scenarios such as eICIC, FeICIC, DL-CoMP.
Besides the ones included already within the objectives for the WI such as “MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers”, there are other features taken as general deployment such as CA, CRS-IM, and usage of 256QAM that should be within consideration to be extended with 4 Rx.

Observation 10: Some advanced receivers such as MMSE-MRC/IRC, RML and CWIC receivers have already been included in the WID as candidate receivers to be investigated with 4 Rx.

Proposal 10: Consider to extend UE performance tests defined under general deployment scenrios with 4 Rx such as CA, CRS-IM, and 256QAM.

2.7 Antenna connections for legacy features with 2Rx 
Since it is not feasible to extend all existing UE performance tests from 2 Rx to 4 Rx it’s important to ensure all the legacy features without extensions of 4Rx will be tested properly by 4 Rx capable UE with only two of the four AP to be active with equivalent performance as a 2 Rx capable UE. In order to achieve an equivalent performance it is best to assume 100% correlation between each 2 Rx AP so we propose that for legacy requirements features without extensions of 4Rx  the 2 ports from system simulator can be splitted into 4 with pair-wise 100% correlation.
Observation 11: It’s important to ensure all the legacy features without the extensions of 4Rx will be tested properly by 4 Rx capable UE with only two of the four AP to be active with equivalent performance as a 2 Rx capable UE.

Proposal 11: For legacy requirements features without extensions of 4Rx are to be tested with 2 ports from system simulator splitted into 4 with pair-wise 100% correlation.

2.8 Applicability rule for UE performance tests with 4Rx
As the UE performance tests should be defined as band independent such principle should be applied to 4 Rx as well as stated in Proposal 4 so all the UE performance tests with 4 Rx should be applied to UE with the 4Rx feature on any supported band.
Proposal 12: All UE performance tests with 4 Rx should be applied to UE with the 4Rx feature on any supported band.

For existing legacy tests with extension with 4 Rx it should not be necessary to perform the same test for legacy tests with 2 Rx.

Proposal 13: For tests defined under same subclause with extension with 4 Rx no need to perform legacy tests defined with 2 Rx.
2.9 Test coverage for UE performance tests with 4Rx

For UE performance tests with 4 Rx it should be considered with good coverage such as all candicate receivers, all number of supported layers, all number of supported Tx antennas but not necessarily within one same test.

Proposal 14: Test coverage of UE performance tests with 4 Rx should include all possible candicate receivers, all number of supported layers, all number of supported Tx antennas, etc. but not necessarily duplicated within one test configuration.

2.10 Opportunistic fallback to 2Rx

The opportunistic fallback from 4 Rx to 2 Rx was raised during RAN#65 for the 4 Rx WI scope and it was decided “The demodulation requirements should be defined in scenarios where 4 Rx APs are verified with substantial gains. Fallback to 2 Rx AP in other scenarios should be allowed.” For UE demodulation tests substantial gains have been observed with 4 Rx compared to 2 Rx from [3] and [8] where the opportunistic fall back to 2 Rx shouldn’t be allowed otherwise it will fail the tests.
Proposal 15: For UE demodulation tests with 4 Rx the requirements should be specified in the way no opportunistic fallback to 2 Rx is allowed in order to achieve the substantial gain of using 4 Rx.
2.11 Release independent support for 4Rx

Though the 4 Rx should be an optional feature from Rel-13 in case there are UEs from earlier release with the possibility to support the 4 Rx feature such UE should still be allowed to declare the feature and in the meanwhile meet the requirements defined in Rel-13 so the band specific capability support from [4] is preferred to be available from Rel-12 in order to allow the possibility to have Rel-12 UEs with 4 Rx to be tested as release independent.

Proposal 16: UEs with 4 Rx from Rel-12 should be allowed to be tested as release independent with band specific capability support.

2.12 Prioritization of control channel study

As indicated in [9] the feasibility study of control channels with 4 Rx needs to be prioritized due to the fact that the outcome may assist the discussion of RLM core requirement with 4 Rx so it is necessary to prioritize the control channel feasibility study to have a conclusion on if it’s needed to specify control channel requirements with 4 Rx or not.

Proposal 17: Proritize control channel study with decision to be made in RAN4#75 in order to assist RLM core requirement discussion.

3 Conclusion

This contribution provides general overview on different aspects related to UE performance tests with the observations and proposals as the following.
Observation 1: 4 layers operation with TM3 and TM4 can only be supported by limited UE categories as UE category 5, 8 and UE DL category 14. 4 layers operations with TM9 and TM10 can be supported by all necessary UE categories.

Observation 2: The limited UE categories are considered to be unrealistic for Rel-13 UEs to support 4 Rx features due to the fact UE category 5 can’t support 256QAM and UE category 8 and UE DL category 14 require too much hardware memory for soft buffer.

Observation 3: The 4 Rx is meant to improve receiver performance in wide deployement scenarios and user cases.
Observation 4: With supported bands the high rank operation with 4 Rx is possible.

Observation 5: The existing channel correlation doesn’t match to practical usage of more Rx antennas.

Observation 6: Xpol gives much better throughput performance than ULA.

Observation 7: UE performance tests with 256QAM defined in Rel-12 are with the assumption to have Tx EVM as 3% in order to achieve a SNR/SINR point to be higher than the legacy UE performance tests.

Observation 8: Higher rank e.g. rank 4 with 4Rx requires higher SNR/SINR level to reach decent throughput performance.

Observation 9: It’s too much work load to extend all existing UE performance tests from 2 Rx to 4 Rx.

Observation 10: Some advanced receivers such as MMSE-MRC/IRC, RML and CWIC receivers have already been included in the WID as candidate receivers to be investigated with 4 Rx.

Observation 11: It’s important to ensure all the legacy features without the extensions of 4Rx will be tested properly by 4 Rx capable UE with only two of the four AP to be active with equivalent performance as a 2 Rx capable UE.

Proposal 1: Only define 4 layers UE performance tests with TM9/TM10 with UE categories other than 0, 1, 5, 8, and 14. 
Proposal 2: The feature of supporting 4 Rx AP from UE side should be an optional UE feature for Rel-13.
Proposal 3: The UE capability of 4 Rx should be band specific. 
Proposal 4: All UE performance tests with 4 Rx should be defined as band independent tests.

Proposal 5: Focus on defining UE performance tests with new practical channel correlation and Xpol as a better antenna configuration. 

Proposal 6: Assume Tx EVM as 3% for UE performance tests with 4 Rx, similar as 256QAM tests in order to support higher SNR/SINR test point with high rank.
Proposal 7: The power level set for UE performance tests with 4 Rx should be with considerations as substantial margin beyond REFSENS, but not too high in order to save power consumption to better map a realistic deployment scenario.

Proposal 8: The power level set for UE performance tests with 4 Rx should be based on the outcome from RF side on the REFSENS level, e.g. to take a highest REFSENS level among all bands as the baseline to consider the general power level for UE performance tests.

Proposal 9: No need to extend UE performance tests defined under particular deployment scenarios such as eICIC, FeICIC, DL-CoMP. 

Proposal 10: Consider to extend UE performance tests defined under general deployment scenrios with 4 Rx such as CA, CRS-IM, and 256QAM. 

Proposal 11: For legacy requirements features without extensions of 4Rx are to be tested with 2 ports from system simulator splitted into 4 with pair-wise 100% correlation.

Proposal 12: All UE performance tests with 4 Rx should be applied to UE with the 4Rx feature on any supported band.

Proposal 13: For tests defined under same subclause with extension with 4 Rx no need to perform legacy tests defined with 2 Rx.
Proposal 14: Test coverage of UE performance tests with 4 Rx should include all possible candicate receivers, all number of supported layers, all number of supported Tx antennas, etc. but not necessarily duplicated within one test configuration.

Proposal 15: For UE demodulation tests with 4 Rx the requirements should be specified in the way no opportunistic fallback to 2 Rx is allowed in order to achieve the substantial gain of using 4 Rx.
Proposal 16: UEs with 4 Rx from Rel-12 should be allowed to be tested as release independent with band specific capability support.

Proposal 17: Proritize control channel study with decision to be made in RAN4#75 in order to assist RLM core requirement discussion.
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