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1. Introduction
In RAN #73, a new RAN4-led WI “Requirements for single receiver UE based on Category 1 for LTE” was approved.  Purpose of NewReq_1Rx_Cat1 WI is to enable low cost single Rx wearable LTE device with higher data rate support than CAT 0 MTC UE. For demodulation performance, following objectives were identified in WID [1]. 

· 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.

In this contribution, we provide overview on demodulation and CSI tests for Cat.1 UE with single receiver chain. 
2. Demodulation tests
2.1. PBCH demodulation test

PBCH demodulation tests for single receiver chain are specified in 8.9.3 of 36.101.   
8.9.3.1 
FDD and half-duplex FDD

8.9.3.1.1
Transmit diversity performance
8.9.3.2 
TDD 

8.9.3.2.1
Transmit diversity performance
These tests were introduced in Rel-12 for Cat.0 UE with single receiver chain. Tests are defined for 2 CRS antenna ports with 1.4MHz system bandwidth, which are supported by both Cat.0 and Cat.1 UE. We can also assume PBCH demodulation performance of Cat.0 UE with single receiver and Cat.1 UE with single receiver is same. Therefore, PBCH demodulation tests for Cat.0 UE can be reused for Cat.1 UE without any modification. 
Proposal 1. Reuse PBCH demodulation tests for Cat.0 UE for Cat.1 UE with single receiver chain. 
2.2. PCFICH/PDCCH demodulation test

For Rel-12 Cat.0 UE, RAN4 did not specify explicit PCFICH/PDCCH demodulation test since PCFICH/PDCCH demodulation performance can be implicitly verified via PDSCH demodulation test. Furthermore, PHICH demodulation test can provide some test coverage for PCFICH/PDCCH demodulation performance since PHICH and PCFICH/PDCCH are transmitted on same OFDM symbols with same transmission scheme. For Cat.1 UE with single receiver chain, we can follow same approach.
Proposal 2. Don’t introduce separate PCFICH/PDCCH demodulation test for Cat.1 UE with single receiver chain. For verification of PCFICH/PDCCH demodulation performance, RAN4 can rely on PDSCH and PHICH demodulation tests. 
2.3. PHICH demodulation test
PHICH demodulation tests for single receiver chain are specified in 8.9.2 of 36.101.   
8.9.2.1 
FDD and half-duplex FDD

8.9.2.1.1
Transmit diversity performance
8.9.2.2 
TDD 

8.9.2.2.1
Transmit diversity performance
These tests were introduced in Rel-12 for Cat.0 UE with single receiver chain. Tests are defined for 2 CRS antenna ports with 10MHz system bandwidth, which are supported by both Cat.0 and Cat.1 UE. We can also assume PHICH demodulation performance of Cat.0 UE with single receiver and Cat.1 UE with single receiver is same. Therefore, PHICH demodulation tests for Cat.0 UE can be reused for Cat.1 UE without any modification. 

Proposal 3. Reuse PHICH demodulation tests for Cat.0 UE for Cat.1 UE with single receiver chain. 

2.4. PDSCH demodulation test
PDSCH demodulation tests for single receiver chain are specified in 8.9.1 of 36.101.   
8.9.1.1 
FDD and half-duplex FDD

8.9.1.1.1
Transmit diversity performance (Cell-Specific Reference Symbols)
8.9.1.1.2
Closed-loop spatial multiplexing performance (Cell-Specific Reference Symbols)
8.9.1.1.3
Closed-loop spatial multiplexing performance (User-Specific Reference Symbols)
8.9.2.2 
TDD 

8.9.1.2.1
Transmit diversity performance (Cell-Specific Reference Symbols)
8.9.1.2.2
Closed-loop spatial multiplexing performance (Cell-Specific Reference Symbols)
8.9.1.2.3
Closed-loop spatial multiplexing performance (User-Specific Reference Symbols)
Since UE with single receiver can support only rank 1 transmission, tests were defined for TM2 with 2 Tx antenna, TM4 rank 1 with 2 Tx antenna and subband PMI feedback and TM9 rank 1 with 2 Tx antenna and random precoding. From test coverage point of view, 3 PDSCH demodulation tests defined for Cat.0 UE seems to be sufficient also for Cat. 1 UE. 
Proposal 4. Specify following PDSCH demodulation tests for Cat.1 UE with single receiver chain. 
· TM2 with 2 Tx antenna, 

· TM4 rank 1 with 2 Tx antenna and subband PMI feedback 

· TM9 rank 1 with 2 Tx antenna and random precoding

PDSCH demodulation capability of Cat.1 UE with single receiver chain is different from Cat.0 UE. 
· Cat.1 UE is supposed to support full duplex FDD operation while Cat.0 UE supports only half duplex FDD operation. 
· Cat.1 UE supports maximum TBS of 10296 bits while Cat.0 UE supports maximum TBS of 1000 bits. 
FRC and PDSCH scheduling pattern for Cat.1 UE tests should be changed to cater to higher PDSCH demodulation capability of Cat.1 UE. 
· TM2 test: With target MCS of 14, 39 PRBs can be scheduled to Cat.1 UE with TBS of 9912 bits. 

· TM4 test: With target MCS of 21, 24 PRBs can be scheduled to Cat.1 UE with TBS of 10296 bits.
· TM9 test: With target MCS of 5, 50 PRBs can be scheduled to Cat.1 UE with TBS of 4392 bits.
For FDD tests, PDSCH scheduling pattern for Cat.0 UE tests are defined to cater to HD-FDD operation. Since Cat.1 UE with single receiver chain is supposed to support full duplex operation, FRC can be defined according to typical full duplex operation. 
Proposal 5. Consider following FRCs for PDSCH demodulation test for FDD. 
	Parameters
	Unit
	Value

	Reference channel
	
	R.xx FDD
	R.yy FDD
	R.zz FDD

	Channel bandwidth
	MHz
	10
	10
	10

	Allocated resource blocks (Note 4)
	
	39
	24
	50

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	16QAM
	64QAM
	QPSK

	Target Coding Rate
	
	1/2
	1/2
	1/3

	Information Bit Payload (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	9912
	10296
	4392

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	9912
	9528
	3624

	Number of Code Blocks (Notes 3 and 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	2
	2
	1

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	2
	2
	1

	Binary Channel Bits (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	20592
	19008
	12000

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	19760
	18192
	9840

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	8.921
	9.190
	3.876

	UE Category
	
	≥ 2
	≥ 2
	≥ 2

	Note 1:
2 symbols allocated to PDCCH
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

Note 4: 
Given per component carrier per codeword.
Note 5:     For R.zz FDD, 50 PRBs are allocated in subframe 1,2,3,4,6,7,8,9 and 41 PRBs are allocated in subframe 0. 



Proposal 6. Consider following FRCs for PDSCH demodulation test for TDD. 

	Parameters
	Unit
	Value

	Reference channel
	
	R.xx TDD
	R.yy TDD
	R.zz TDD

	Channel bandwidth
	MHz
	10
	10
	10

	Allocated resource blocks (Note 4)
	
	39
	24
	50

	Allocated subframes per Radio Frame
	
	3+2
	3+2
	3+2

	Modulation
	
	16QAM
	64QAM
	QPSK

	Target Coding Rate
	
	1/2
	1/2
	1/3

	Information Bit Payload (Note 4)
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	9912
	10296
	4392

	  For Sub-Frame 1,6
	Bits
	7480
	8248
	2664

	  For Sub-Frame 0
	Bits
	9912
	9528
	3624

	Number of Code Blocks (Notes 3 and 4)
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	2
	2
	1

	  For Sub-Frame 1,6
	Bits
	2
	2
	1

	  For Sub-Frame 0
	Bits
	2
	2
	1

	Binary Channel Bits (Note 4)
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	20592
	19008
	12000

	  For Sub-Frame 1,6
	Bits
	16560
	15408
	7872

	  For Sub-Frame 0
	Bits
	19280
	18336
	9840

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	4.470
	4.662
	1.774


	UE Category
	
	≥ 2
	≥ 2
	≥ 2

	Note 1:
2 symbols allocated to PDCCH
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

Note 4: 
Given per component carrier per codeword.
Note 5:     For R.zz TDD, 50 PRBs are allocated in subframe 4,9 and 41 PRBs are allocated in subframe 0,1,6. 



2.5. SDR (Sustained data rate) test

Sustained data rate test is defined for Cat.1 UE with two receiver chain from Rel-8. Since SDR test is run in static channel without external noise, existing SDR test for Cat.1 UE can be reused for Cat.1 UE with single receiver chain. Under ideal propagation channel condition, Cat.1 UE with single receiver antenna should be able to meet same TB success rate. 
Proposal 7. Reuse existing single carrier SDR test for Cat.1 UE except for antenna configuration change from 1x2 to 1x1. 

2.6. Additional test coverage
In Rel-12, RAN4 introduced demodulation test for Cat.0 UE only for 2 Tx case. Since network deployment with 4 CRS ports was not popular at that time, RAN4 could simplify specification work by focusing on only 2 Tx case. Considering that network deployment with 4 CRS ports is getting more popular, it would be necessary for RAN4 to investigate whether demodulation performance requirements with 4 CRS ports need to be specified for Cat.1 single receiver UE. 
Proposal 8. RAN4 should investigate whether demodulation tests with 4 CRS ports need to be considered for Cat.1 single receiver UE. 

In Rel-12, DL transmission with 256QAM was introduced but corresponding requirements for Cat.0 UE was not introduced. For low cost Cat.0 and Cat.1 UE, 256QAM does seem to be essential considering that 256QAM is an optional feature that requires extremely good RF performance to support it. 
Proposal 9. Don’t introduce PDSCH demodulation tests with 256QAM for Cat.1 UE with single receiver chain. 

3. CSI tests
3.1. CQI tests

For Rel-12 Cat.0 UE, following CQI tests were introduced. 

· 9.7.1
CQI reporting definition under AWGN conditions
· FDD and half-duplex FDD
· TDD

· 9.7.2
CQI reporting under fading conditions
· FDD and half-duplex FDD

· TDD

These CQI tests are selected to cover essential CQI feedback feature while minimizing test cost of low cost device. Since Cat.1 UE with single receiver chain is supposed to be low cost device, it would be desirable to consider similar CQI tests coverage as baseline. However, test configuration can be different to be
For CQI definition test in AWGN channel, TM2 might be better than TM1 since most commercial LTE network has multiple transmit antenna. For subband CQI test in fading channel, defining test with TM9 will provide better test coverage than TM1. 
Proposal 10. Consider TM2 CQI definition test and TM9 subband CQI test in fading channel as baseline CQI test for Cat.1 UE with single receiver chain. 

3.2. PMI test
For Rel-12 Cat.0 UE, PMI tests were not introduced since PMI feedback can be implicitly tested in TM4 test with subband PMI feedback. For PMI feedback for TM9, we can consider revising TM9 PDSCH demodulation test to apply precoding based on PMI feedback instead of random precoding. In this way, we can verify PMI feedback without introducing separate PMI tests. 
Proposal 12. Verify PMI feedback performance via TM4 and TM9 demodulation test with PMI feedback. 

3.3. RI test

Since Cat.1 UE with single receiver chain can support only rank 1 modulation, there is no need for RI feedback test. 

4. Conclusions

In this contribution, we provided overview on demodulation and CSI tests for Cat.1 UE with single receiver chain.  Our proposals are
Proposal 1. Reuse PBCH demodulation tests for Cat.0 UE for Cat.1 UE with single receiver chain. 

Proposal 2. Don’t introduce separate PCFICH/PDCCH demodulation test for Cat.1 UE with single receiver chain. For verification of PCFICH/PDCCH demodulation performance, we can rely on PDSCH and PHICH demodulation tests. 

Proposal 3. Reuse PHICH demodulation tests for Cat.0 UE for Cat.1 UE with single receiver chain. 

Proposal 4. Specify following PDSCH demodulation tests for Cat.1 UE with single receiver chain. 

· TM2 with 2 Tx antenna, 

· TM4 rank 1 with 2 Tx antenna and subband PMI feedback 

· TM9 rank 1 with 2 Tx antenna and random precoding

Proposal 5. Consider following FRCs for PDSCH demodulation test for FDD. 

Proposal 6. Consider following FRCs for PDSCH demodulation test for TDD. 

Proposal 7. Reuse existing single carrier SDR test for Cat.1 UE except for antenna configuration change from 1x2 to 1x1. 

Proposal 8. RAN4 should investigate whether demodulation tests with 4 CRS ports need to be considered for Cat.1 single receiver UE. 

Proposal 9. Don’t introduce PDSCH demodulation tests with 256QAM for Cat.1 UE with single receiver chain. 

Proposal 10. Consider TM2 CQI definition test and TM9 subband CQI test in fading channel as baseline CQI test for Cat.1 UE with single receiver chain. 

Proposal 11. Verify PMI feedback performance via TM4 and TM9 demodulation test with PMI feedback. 
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