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1
Introduction
RAN1#77 has almost completed the discussion on the WI Low cost & enhanced coverage MTC UE for LTE, and the agreement from the last RAN1 meeting is [1]:
· All HD FDD Cat-0 UEs are assumed to have 1 oscillator. Current RAN1 specification would be changed.

· The max # of DL and UL HARQ processes for Cat. 0 HD-FDD UEs are the same as those of Cat. 1 UEs

· For Cat.0 MTC UEs, the supported PMCH TBS is updated in 36.306 to 4584 bits 

· For half-duplex FDD operation for category 0 UEs, a guard period for Rx-to-Tx is created by the UE by not receiving the downlink subframe immediately preceding an uplink subframe from the same UE.

· For half-duplex FDD operation for category 0 UEs, a guard period for Tx-to-Rx is created by the UE by not receiving the downlink subframe immediately following an uplink subframe from the same UE.

· How to capture the principle of the above two bullets is up to 36.211 editor

· Transmission mode(s) and EPDCCH supported by Cat. 0 UEs are the same as Cat. 1 UEs
· TTIBundling is supported for Cat.0 UEs

In principle, RAN1 agreed not to introduce any specification due to the low complexity UE feature instead of specifying the guard period for Rx-to-Tx switching and Tx-to-Rx switching for half-duplex FDD UE assuming single oscillator. Other implicit specification comes from the low complexity UE that has the single received antenna and supports maximum 1,000bits of TBS.  
This contribution proposes the UE demodulation performance requirement according to the RAN1 decision. 
2
Discussion
2.1
Impact on demodulation performance requirements
Though RAN1 agreed not to change any specification, the following low complexity UE feature implicitly affects the RAN4 UE performance requirements:

1. Single Rx antenna. This means only single layer of spatial multiplexing is supported as same as Category 1 UE. 
2. Maximum 1000 bits of TBS for PDSCH. RAN1 agreed the number of DL and UL HARQ processes is same as those of category 1 UE. RAN4 should define new FRC tables supporting maximum 1000bits of TBS. 
3. Supporting the half-duplex FDD. Since the half-duplex FDD UE cannot transmit/receive data simultaneously and needs the switching period, RAN4 cannot reuse the FRC table for the existing full-duplex FDD UE. This is also discussed in another paper [2]. 
2.1.1
Low complexity UE demodulation performance requirements
Table 1 is a proposal of new sections for the low complexity UE demodulation performance requirement in TS36.101. We propose to create new sections dedicated to the new low complexity UE category and herein specify the demodulation performance requirements for full-duplex FDD, half-duplex FDD, and TDD. 
· For the demodulation of PDSCH with CRS, it is based on the existing category 1 UE test cases. We propose to add TM1 with 1x1 antenna configuration and TM2/TM4 with 2x1 antenna configuration.

· For the demodulation of PDCCH/PCFICH, PHICH, and PBCH, we propose to add the low complexity UE requirements with both 1x1 and 2x1 antenna configurations. 
· We would like to discuss further if we need to include demodulation test of PDSCH with DM-RS and ePDCCH,
· We don’t think we need SDR requirements because such a low complexity device is not intended to receive the downlink data continuously. 
Regarding the FDD test scenarios, we are thinking it is in general good idea to set the same requirement for both full-duplex FDD and half-duplex FDD with the same downlink scheduling in order to reduce the workload. However we also think it is important to show the low-complexity full-duplex FDD UE is equivalent with the existing category 1 UE except for single received antenna and maximum 1000bits of TBS. Therefore for full-duplex FDD UE, we would like to specify the requirement with full-duplex FDD FRC table in addition to the same requirement as the half-duplex FDD. 
Proposal 1: For the demodulation of PDSCH with CRS, add TM1 with 1x1 antenna configuration and TM2/TM4 with 2x1 antenna configuration based on the existing category 1 UE requirement.
Proposal 2: For the demodulation of PDCCH/PCFICH, PHICH, and PBCH, add the low complexity UE requirements with both 1x1 and 2x1 antenna configuration based on the existing category 1 UE requirement.
Proposal 3: Further discuss whether to include the demodulation test of PDSCH with DM-RS and ePDCCH.

Proposal 4: Exclude SDR test from the low complexity UE category. 

Proposal 5: Full-duplex FDD UE requirement consists of the same requirement with the half-duplex FDD and full-duplex FDD specific requirement based on 10ms FRC table. 
Table 1
Proposal of new sections for low complexity UE demodulation performance requirements.
	Section 
	Section name
	Description

	8.1
	General
	

	8.1.1a
	Single-antenna receiver capability
	Add the SNR definition for single receiver antenna, etc., based on the 8.1.1 Dual-antenna receiver capability.

	8.2
	Demodulation of PDSCH (Cell-Specific Reference Symbols)
	

	8.2.1
	FDD
	

	8.2.2
	TDD
	

	8.2.3
	Low complexity UE
	

	8.2.3.1
	  Full-duplex FDD
	Test 1: FDD requirements based on single received antenna.  TM1 with Single antenna port. Use the maximum 1000 bits of TBS for PDSCH. 
Test 2: FDD requirements based on single received antenna. TM2/TM4 with single layer transmission (2 Tx antenna port). Use the maximum 1000 bits of TBS for PDSCH.

	8.2.3.2
	  TDD
	Test 1: TDD requirements based on single received antenna. TM1 with Single antenna port. Use the maximum 1000 bits of TBS for PDSCH.
Test 2: TDD requirements based on single received antenna. TM2/TM4 with single layer transmission (2 Tx antenna port). Use the maximum 1000 bits of TBS for PDSCH.

	8.2.3.3
	  Half-duplex FDD
	Test 1: FDD requirements based on single received antenna.  TM1 with Single antenna port. Use the maximum 1000 bits of TBS for PDSCH.
Test 2: FDD requirements based on single received antenna. TM2/TM4 with single layer transmission (2 Tx antenna port). Use the maximum 1000 bits of TBS for PDSCH.
Note: 8ms periodicity pattern [2] to be used. 

	8.3
	Demodulation of PDSCH (User-Specific Reference Symbols)
	To be discussed.

	8.3.1
	FDD
	

	8.3.2
	TDD
	

	8.3.3
	[Low complexity UE]
	

	8.3.3.1
	  [Full-duplex FDD]
	[Test 1: FDD requirement based on single received antenna. TM9 with single layer spatial multiplexing. Maximum 1000 bits of TBS for PDSCH]

	8.3.3.2
	  [TDD]
	[Test 1: TDD requirement based on single received antenna. TM9 with single layer spatial multiplexing. Maximum 1000 bits of TBS for PDSCH]

	8.3.3.3
	  [Half-duplex FDD]
	[Test 1: FDD requirement based on single received antenna. TM8/TM9 with single layer spatial multiplexing. Maximum 1000 bits of TBS for PDSCH

Note: 8ms periodicity pattern [2] to be used.]

	8.4
	Demodulation of PDCCH/PCFICH
	

	8.4.1
	FDD
	

	8.4.2
	TDD
	

	8.4.3
	Low complexity UE
	

	8.4.3.1
	  Full-duplex FDD
	Test 1: FDD requirements based on single received antenna. Single antenna port. 

Test 2: FDD requirements based on single received antenna. Transmit diversity with 2 Tx antenna port.

	8.4.3.2
	  TDD
	Test 1: TDD requirements based on single received antenna. Single antenna port. 

Test 2: TDD requirements based on single received antenna. Transmit diversity with 2 Tx antenna port.

	8.4.3.3
	  Half-duplex FDD
	Test 1: FDD requirements based on single received antenna. Single antenna port. 

Test 2: FDD requirements based on single received antenna. Transmit diversity with 2 Tx antenna port.
Note: 8ms periodicity pattern [2] to be used.

	8.5
	Demodulation of PHICH
	

	8.5.1
	FDD
	

	8.5.2
	TDD
	

	8.5.3
	Low complexity UE
	

	8.5.3.1
	  Full-duplex FDD
	Test 1: FDD requirements based on single received antenna. Single antenna port. 

Test 2: FDD requirements based on single received antenna.  Transmit diversity with 2 Tx antenna port.

	8.5.3.2
	  TDD
	Test 1: TDD requirements based on single received antenna. Single antenna port. 

Test 2: TDD requirements based on single received antenna. Transmit diversity with 2 Tx antenna port.

	8.5.3.3
	  Half-duplex FDD
	Test 1: FDD requirements based on single received antenna. Single antenna port. 

Test 2: FDD requirements based on single received antenna. Transmit diversity with 2 Tx antenna port.
Note: 8ms periodicity pattern [2] to be used.

	8.6
	Demodulation of PBCH
	

	8.6.1
	FDD
	

	8.6.2
	TDD
	

	8.6.3
	Low complexity UE
	

	8.6.3.1
	  Full-duplex FDD
	Test 1: FDD requirements based on single received antenna. Single antenna port. 

Test 2: FDD requirements based on single received antenna. Transmit diversity with 2 Tx antenna port. 

	8.6.3.2
	  TDD
	Test 1: TDD requirements based on single received antenna. Single antenna port. 

Test 2: TDD requirements based on single received antenna. Transmit diversity with 2 Tx antenna port.

	8.6.3.3
	  Half-duplex FDD
	Test 1: FDD requirements based on single received antenna. Single antenna port. 

Test 2: FDD requirements based on single received antenna. Transmit diversity with 2 Tx antenna port.
Note: 8ms periodicity pattern [2] to be used.

	8.7
	Sustained downlink data rate provided by lower layers
	No tests to be added

	8.8
	Demodulation of EPDCCH
	To be discussed.


3
Conclusions

We have shown the analysis of the UE demodulation performance specification impact according to the latest low complexity UE decision. We would like to consider our impact analysis for the further discussion in RAN4.
Proposal 1: For the demodulation of PDSCH with CRS, add TM1 with 1x1 antenna configuration and TM2/TM4 with 2x1 antenna configuration based on the existing category 1 UE requirement.

Proposal 2: For the demodulation of PDCCH/PCFICH, PHICH, and PBCH, add the low complexity UE requirements with both 1x1 and 2x1 antenna configuration based on the existing category 1 UE requirement.

Proposal 3: Further discuss whether to include the demodulation test of PDSCH with DM-RS and ePDCCH.

Proposal 4: Exclude SDR test from the low complexity UE category. 

Proposal 5: Full-duplex FDD UE requirement consists of the same requirement with the half-duplex FDD and full-duplex FDD specific requirement based on 10ms FRC table.
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