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Introduction
RAN Plenary #73 has approved a new Rel-14 WI of ‘a new UE category with single receiver based on Category 1 for LTE’, the first discussion gets started from RAN4#80bis. 1-RX AP UE gets more attractive to be implemented in small mobile/wearable devices, but low maximum data rate has been indicated as disadvantages to enable multi-media services. We also foresee that such demand on 1-RX AP UE with intermediate data rate has been steady increased. In this contribution, we share our view on new UE requirements with the new 1-RX AP UE based on Cat-1 UE.

Discussion Scope of 1-RX UE Demod/CSI Requirement
The WID in [1] suggests a main discussion direction by leveraging the existed requirements developed for UE cat-0 and cat-1. In terms of UE demod/CSI features and operations, the new UE will have many similarity to UE cat-1, but performance-wise it will have more similarity to UE cat-0.  In that sense, the definition of the new UE cat is quite straightforward. Functions of the UE are defined as a version of Cat-1 UE with 1-RX AP, and the new requirements can leverage the legacy requirements developed for Category 0 UEs, mainly based on features directly associated with data rate. In spite of the implementation simplicity, the new UE potentially has critical weakness due to loss of 1-RX AP such as cell coverage shortage or interference impacts. There are legacy base stations that does not understand the new 1-RX UE. In this case, the base station treats it as legacy Cat-1 UE with short coverage. 
Observation 1 : In spite of the implementation simplicity, the new UE potentially has weakness due to loss of 1-RX AP such as interference impacts and cell coverage shortage.
This WI belongs to Rel-14 feature, at least Rel-14 base station can properly understands the new UE cat, and accommodate to resolve the potential weakness. Therefore, it needs a new UE cat indicator to let a base station knows it is a new 1-RX UE cat based Cat-1. RAN2 is discussing about the signalling introduction. 
One merit of the Cat-1 based 1-RX UE is backward compatibility to legacy network. Legacy base stations will understand the new UE just as legacy cat-1 UE. The WID also emphasizes that same access capabilities as Category 1 should be maintained. Also, the feature is introduced in Rel-14, we don’t expect to update all previous release legacy BSs much for the new feature introduction. Also, there can already exist previous release 1-RX UE product by UE implementation. Depending on UE venders, they may or may not want to test the UEs under formal testsets. It would be quite controversial issues. Therefore, we believe Rel-13 onward feature enabling is reasonable. It is feasible to introduce the new UE category or new signal receiver capability in any release from Rel-13 onwards and RAN4 performance requirement can be made to cover Rel-13 onward.

Proposal 1 : It is feasible to introduce the new UE category or new signal receiver capability in any release from Rel-13 onwards ( It is up to RAN2 discussion ). RAN4 introduces Rel-14 UE performance requirements firstly and make them applied to Rel-13 onwards.

[bookmark: _GoBack]Regarding performance requirements, the UE is expected to sustain relative intermediate high data rate using TM2, TM4 and TM9, however its UE method is not clear to practically achieve maximum 10Mbps DL data rate. While there are not many feature to improve the data rate in fact such as no CA nor multiple MIMO-layers, the UE is expected to effectively sustain high data rates with 1-RX AP. Even assuming interference scenarios, then the 1-RX UE does not have any counter method like interference whitening schemes. Depending on decision on an enabling spec release, some features may help out such interference conditions. To overcome the potential coverage and performance loss due to using a single RX chain several techniques were introduced in the previous LTE releases. Meantime, the respective enhancements are focused on the noise-limited environments, while there is still a big room for further improvement of the performance in the interference-limited environments, which can be achieved via using advanced receive processing. We discuss possible 1-RX AP UE strategy in section 3-1.
If an UE supports some of advanced RX features, then the next question will lead to testing with 1-RX advanced UE performance requirements. Of course, RAN4 does not need to revisit all the legacy performance test and requirements due to the new 1-RX UE introduction. At least, RAN4 should review which feature is important to the new UE. We review the performance part objectives are captured as below. Basically, the most fundamental tests are listed here for the UE Cat.

Objective of Performance part WI
Introduce demodulation performance requirements:
· Performance requirements for PDSCH demodulation
· TM2 PDSCH demodulation test
· TM4 rank 1 PDSCH demodulation test
· TM9 rank 1 PDSCH demodulation test
· PHICH demodulation test
· Category 0 test can be reused
· PBCH demodulation test. 
· Category 0 test can be reused
· CQI tests  
· TM1 CQI definition test
· TM1 subband CQI test
Specify requirements applicability to differentiate between legacy Cat.1 and the newly introduced category/capability.

Firstly, it is agreeable to build testcase sets based on the objectives. Therefore we propose the performance testcase set as Proposal 3.
Proposal 2 : The testcase sets listed in the objective are agreeable. In Addition to the listed test scope, we propose PDCCH performance test. These are basic 1-RX UE performance requirements based on reference tests in Table 1.
	Table 1 : Demod/CSI performance reference tests
	
	Reference legacy test

	TM2 PDSCH demodulation test
	TS36.101 8.9.1.1.1    Cat-0 TX diversity test (FDD)
TS36.101 8.9.1.2.1    Cat-0 TX diversity test (TDD)

	TM4 rank 1 PDSCH demodulation test
	TS36.101 8.9.1.1.2    Cat-0 CL SM test -CRS(FDD)
TS36.101 8.9.1.2.2    Cat-0 CL SM test -CRS(TDD)

	TM9 rank 1 PDSCH demodulation test
	TS36.101 8.9.1.1.3    Cat-0 CL SM test -UERS (FDD)
TS36.101 8.9.1.2.3    Cat-0 CL SM test -UERS (FDD)

	PHICH demodulation test
	Check if Category 0 test can be reused (8.9.2)

	PBCH demodulation test 
	Check if Category 0 test can be reused (8.9.3)

	PDCCH demodulation test
	TBD

	TM1 CQI definition test
	TS36.101 9.7.1    Cat-0 CQI test

	TM1 subband CQI test
	TS36.101 9.7.2    Cat-0 CQI test




1-RX AP CRS-IM
The 1 RX chain UEs are typically assumed to have no spatial suppression capabilities and expected to have relatively poor performance in the interference-limited scenarios which require that sort of processing. Due to presence of one receive chain, such UEs cannot apply the linear interference suppression techniques (e.g. LMMSE-IRC). At the same time, the non-linear interference suppression and cancellation (IS/IC) techniques can be used to improve the performance in the interference-limited conditions. In particular, CRS-IM functionality is considered to be a viable candidate to improve the 1 RX UEs performance in a number of interference-limited scenarios. Comparing to other potential IC techniques, the CRS-IM functionality is expected to have relatively limited complexity impacts and should not affect power consumption which are both important factors for the new UE based on Cat-1
In Figure 1, we illustrate the summary of the link-level results with the CRS-IM performance gains over conventional 1RX MRC receiver for the non-colliding CRS scenario with 2 CRS APs for various interference power profiles, serving cell MCS, CRS-based and DMRS-based TMs, and different interference loadings (the detailed simulation assumptions are provided in the Annex). The results show that the substantial performance gains can be expected for the medium and high interference power levels and for the partial interference loading conditions.
 [image: ]
Figure 1. 1RX CRS-IM performance

We don’t intent to make feICIC feature as the1-RX UE performance requirement. The feICIC has multiple feature components of ABS/non-ABS based CSI sets, CRS-IC, PBCH-IC and PSSS-IC. It may be or may not inappropriate to the 1RX UE. Our proposal is that homogenous network like CRS-IM feature for the 1-RX UE. As discussed above, the 1-RX UE does not have any counter measurement against interference, therefore we can consider at least one non-colliding CRS-IM usecase in a homogenous network. We assume homogenous network CRS-IM like behavior is more proper. RAN4 can start discussion based on the legacy 2-RX homogenous network CRS-IM test 8.2.1.4.1E, 8.3.1.1G.
Proposal 3 : We propose to study performance benefits from the 1-RX CRS-IM under interference-limited circumstance. We assume homogenous network CRS-IM like UE behavior is more appropriate for the 1-RX UE usecase. Test configuration can be further modified from reference tests in Table 2.
Table 2 : 1-RX CRS-IM reference testcases
	
	Reference legacy test

	TM4 PDSCH CRS-IM test
	TS36.101 8.2.1.4.1E (FDD)
TS36.101 8.2.2.4.1E (TDD)

	TM9 PDSCH CRS-IM test
	TS36.101 8.3.1.1G    (FDD)
TS36.101 8.9.1.2.2    (TDD)




Conclusions
In this contribution, we share our view on new UE requirements with the new 1-RX AP UE based on Cat-1 UE.
Observation 1 : In spite of the implementation simplicity of the new Cat-1 based UE, it potentially has weakness due to loss of 1-RX AP such as interference impacts and cell coverage shortage.
Proposal 1 : It is feasible to introduce the new UE category or new signal receiver capability in any release from Rel-13 onwards ( It is up to RAN2 discussion ). RAN4 introduces Rel-14 UE performance requirements firstly and make them applied to Rel-13 onwards.
Proposal 2 : The testcase sets listed in the objective are agreeable. These are basic 1-RX UE performance requirements based on reference tests in Table 1.
	Table 1 : Demod/CSI performance reference tests
	
	Reference legacy test

	TM2 PDSCH demodulation test
	TS36.101 8.9.1.1.1    Cat-0 TX diversity test (FDD)
TS36.101 8.9.1.2.1    Cat-0 TX diversity test (TDD)

	TM4 rank 1 PDSCH demodulation test
	TS36.101 8.9.1.1.2    Cat-0 CL SM test -CRS(FDD)
TS36.101 8.9.1.2.2    Cat-0 CL SM test -CRS(TDD)

	TM9 rank 1 PDSCH demodulation test
	TS36.101 8.9.1.1.3    Cat-0 CL SM test -UERS (FDD)
TS36.101 8.9.1.2.3    Cat-0 CL SM test -UERS (FDD)

	PHICH demodulation test
	Check if Category 0 test can be reused (8.9.2)

	PBCH demodulation test 
	Check if Category 0 test can be reused (8.9.3)

	TM1 CQI definition test
	TS36.101 9.7.1    Cat-0 CQI test

	TM1 subband CQI test
	TS36.101 9.7.2    Cat-0 CQI test



Proposal 3 : We propose to study performance benefits from the 1-RX CRS-IM under interference-limited circumstance. We assume homogenous network CRS-IM like UE behavior is more appropriate for the 1-RX UE usecase. Test configuration can be further modified from reference tests in Table 2.
Table 2 : 1-RX CRS-IM reference testcases
	
	Reference legacy test

	TM4 PDSCH CRS-IM test
	TS36.101 8.2.1.4.1E (FDD)
TS36.101 8.2.2.4.1E (TDD)

	TM9 PDSCH CRS-IM test
	TS36.101 8.3.1.1G    (FDD)
TS36.101 8.9.1.2.2    (TDD)
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