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1. Introduction
In RAN #80bis, RAN4 started discussion for demodulation performance for Cat.1 UE with single receiver chain and WF [1] was agreed. 

General

· Demodulation performance requirements are specified for FDD and TDD duplex mode
· No HD-FDD requirements are specified for Cat.1 UE with 1 Rx 
· System bandwidth for performance tests
· 5MHz/10MHz
DL control channel demodulation

· Reuse the existing DL category 0 PBCH demodulation performance requirements for UE category 1 with 1Rx
· No new PDCCH/PCFICH demodulation performance requirements will be introduced for UE category 1 with 1 Rx
· PHICH demodulation performance requirements are specified for UE category 1 with 1 Rx
PDSCH demodulation
· Test cases
· TM2
· TM4 rank 1
· TM9 rank 1
· Whether to introduce additional transmission modes will be discussed in RAN4#81
In this contribution, we provide our view on open issues on demodulation performance requirements for Cat.1 UE with single receiver chain. 
2. Discussion
2.1. System bandwidth
In 36.101, demodulation performance requirements are specified in system bandwidth agnostic way, i.e., tests are defined only for one system bandwidth and UE is assumed to be able to support the feature on all system bandwidths when it fulfills test defined for one system bandwidth. When RAN4 specified tests in section 8/9 of 36.101, 10MHz system bandwidth was typically chosen for single carrier test since 10MHz system bandwidth is supported in all bands except for band 31. 
In RAN4 #80bis discussion, there were two proposals for system bandwidth to define demodulation and CSI tests, i.e., 5MHz and 10MHz. 5MHz system bandwidth has the benefit of covering all bands including band 31. However, selecting 5MHz would leads to different system bandwidth for Cat.0 and Cat.1 UE tests. On the other hand, 10MHz system bandwidth would cover all bands except for band 31. Selecting 10MHz would allow maximum reuse of Cat.0 UE test set up. For PHICH demodulation test, 10MHz system bandwidth will allow us to reuse existing Cat.0 UE test without running new simulation. 
Proposal 1. Select 10MHz system bandwidth for demodulation and CSI performance requirements. 

Proposal 2. For PHICH demodulation test, reuse existing test for Cat.0 UE for Cat.1 UE with single receiver chain. 

2.2. 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. Note that it was agreed to use 4 Tx antenna for TM4 test to cover 4 CRS port case and precoding based on wideband PMI feedback in TM9 test to verify PMI feedback in TM9.
Proposal 3. Specify following PDSCH demodulation tests for Cat.1 UE with single receiver chain. 
· TM2 with 2 Tx antenna, 

· TM4 rank 1 with 4 Tx antenna and subband PMI feedback 

· TM9 rank 1 with 2 Tx antenna and wideband PMI feedback
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 4. 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 5. 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. 



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

3. Conclusions

In this contribution, we provided our view on open issues on demodulation performance requirements for Cat.1 UE with single receiver chain. Our proposals are
Proposal 1. Select 10MHz system bandwidth for demodulation and CSI performance requirements. 

Proposal 2. For PHICH demodulation test, reuse existing test for Cat.0 UE for Cat.1 UE with single receiver chain. 

Proposal 3. Specify following PDSCH demodulation tests for Cat.1 UE with single receiver chain. 

· TM2 with 2 Tx antenna, 

· TM4 rank 1 with 4 Tx antenna and subband PMI feedback 

· TM9 rank 1 with 2 Tx antenna and wideband PMI feedback

Proposal 4. Consider following FRCs for PDSCH demodulation test for FDD. 

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

Proposal 6. Reuse existing single carrier SDR test for Cat.1 UE except for antenna configuration change from 1x2 to 1x1. 
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