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1
Introduction
Following the nearly completed work of Rel-12 LTE coverage enhancement WI in RAN1 and RAN2, RAN4 started the study to specify performance requirements for the Rel-12 feature in last meeting RAN4 70bis.  The main agreements in RAN1 and RAN2 on this Rel-12 feature are [1]:
· Reduction of RTT to 12ms is supported in enhanced TTI bundling for both UL VoIP and medium data rate for FDD in Rel-12.

· When TTI bundling enhancement is enabled, there is no restriction of PRB size, which will allow more than 3 PRB per subframe.
In the last RAN4 meeting (RAN4 70bis), a WF is agreed for RAN4 specification on the Rel-12 LTE coverage enhancement WI, as copied here [2]:
· There is no impact on RF requirements, RRM requirements, and UE demodulation performance and CSI requirements.
· There is no impact on PUCCH and PRACH demodulation performance requirements.
· RAN4 shall specify the new PUSCH performance requirements in multiple fading propagation conditions for FDD, which will focus on verifying VoIP performance with the Rel-12 TTI bundling enhancement mechanism:
· No  new requirements for UL timing adjustment;
· No new requirements for high speed train; 
· No new requirements for HARQ-ACK multiplexed on PUSCH;
· Test metric for new PUSCH performance requirements
· SNR at 2% residual BLER (rBLER);
· rBLER = A/B, where A  is the number of incorrectly decoded TBs after  retransmission and B is the number of transmitted TB (retransmitted TBs will not be counted repetitively)
Based on the approved work plan in [3], the next step will be on simulation assumptions for RAN4 specification.  This contribution discusses detailed working assumptions to provide simulation proposals for PUSCH demodulation specification.

2
Specification impact and simulation assumptions

As agreed in the WF [2], only new PUSCH performance requirements are needed for this feature to support Rel-12 TTI bundling enhancement.  Other channels such as PUCCH and PRACH will not be impacted.  The only RAN4 impact will be the PUSCH performance requirements defined in 36.104 (and 36.141 as conformance test requirements).

From 36.104, a typical test set of PUSCH performance can be shown in Table 1:
Table 1    A typical test set of PUSCH performance requirements in 36.104

	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	Normal
	EPA 5Hz Low
	A3-2
	30%
	

	
	
	
	70%
	

	
	
	A4-3
	70%
	

	
	
	A5-2
	70%
	

	
	EVA 5Hz Low
	A3-1
	30%
	

	
	
	
	70%
	

	
	
	A4-1
	30%
	

	
	
	
	70%
	

	
	
	A5-1
	70%
	

	
	EVA 70Hz Low
	A3-2
	30%
	

	
	
	
	70%
	

	
	
	A4-3
	30%
	

	
	
	
	70%
	

	
	ETU 70Hz* Low
	A3-1
	30%
	

	
	
	
	70%
	

	
	ETU 300Hz* Low
	A3-1
	30%
	

	
	
	
	70%
	


The performance metric is a required SNR to reach either 30% or 70% of maximum throughput for one test.  As agreed in the last meeting, the performance metric shall use residual BLER for VoIP.  This will be a major change from the current PUSCH performance specification.
The residual BLER, as indicated in the WF as [2]:

· rBLER = A/B, where A  is the number of incorrectly decoded TBs after  retransmission and B is the number of transmitted TB (retransmitted TBs will not be counted repetitively).

The rBLER is the BLER performance when the maximum retransmission is reached.  2% rBLER shall be used as the test point to identity the required SNR performance.
The FRC tables defined in the Annex A of 36.104 provide detailed assumptions such as PRB size, modulation, code rate, and other parameters.  Single PRB allocation and full-bandwidth PRB allocation are tested in 36.104.  For the typical example shown in the table, FRC A3-1, A4-1, A5-1 are the test cases with single PRB allocation.
The new test cases of TTI bundling enhancement shall follow the PUSCH test cases with single PRB allocation.  Therefore, the propagation conditions should be EVA5, ETU70, and ETU300, for low, medium, and high speed scenarios, respectively.  

Based on the discussion, the new PUSCH performance requirements for Rel-12 TTI bundling enhancement, shall be defined in Table 2, for any of the channel bandwidth (1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz).
Table 2    New PUSCH demodulation requirements

	Number of Tx antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions and correlation matrix (Annex B)
	FRC (new table)
	2% rBLER [dB]

	1
	2
	Normal
	EVA 5 Low
	
	

	
	
	
	ETU70 Low
	
	

	
	
	
	ETU300 Low
	
	

	
	4
	Normal
	EVA 5 Low
	
	

	
	
	
	ETU70 Low
	
	

	
	
	
	ETU300 Low
	
	

	
	8
	Normal
	EVA 5 Low
	
	

	
	
	
	ETU70 Low
	
	

	
	
	
	ETU300 Low
	
	


The new Rel-12 TTI bundling uses 12ms RTT to reach 50ms delay budget.  This allows a maximum of 5 HARQ transmissions.  Therefore, maximum 5 transmissions should be assumed for TTI bundling performance.

For TTI bundling enhancement, the PRB size could be 1PRB, 2PRB, or 3PRB.  For the sake of reduction of test cases, one PRB allocation, such as 2 PRB, should be used.  

The TBS size should be using 328 bit, which is a typical packet size used for VoIP transmission.  The modulation should be QPSK for VoIP application.  
Followed the discussion, a new FRC table shall be defined in Table 3:
Table 3    New FRC table

	Reference channel
	TTI 

	TTI bundling size
	4

	Allocated resource blocks
	[2]

	DFT-OFDM Symbols per subframe
	12

	Modulation
	QPSK

	TBS
	328

	Transport block CRC (bits)
	24

	Total number of bits per sub-frame
	288

	Total symbols per sub-frame
	144


The new FRC table should be used with the PUSCH performance requirement table to define a new set of PUSCH demodulation requirements.
3
Conclusions

The contribution provides discussion on PUSCH performance requirements to support Rel-12 enhanced TTI bundling.  Based on the presented discussion, the simulation should be performed based on these assumptions listed in Table 4.
Table 4    Simulation assumptions for new PUSCH demodulation performance

	Parameters
	Values 

	Number of Tx antennas
	1

	Number of Rx antennas
	2, 4, 8

	CP
	Normal

	Propagation channels and correlation matrix
	EVA5 Low, ETU70 Low, ETU300 Low

	Maximum of HARQ transmissions
	5

	TTI bundling size
	4

	Allocated resource blocks
	2

	DFT-OFDM Symbols per subframe
	12

	Modulation
	QPSK

	TBS
	328

	Transport block CRC (bits)
	24

	Total number of bits per sub-frame
	288

	Total symbols per sub-frame
	144


Based on these simulation assumptions, SNR at 2% rBLER point should be captured to define the new PUSCH demodulation requirements.

We propose to consider these simulation assumptions to specify new PUSCH demod performance for Rel-12 enhanced TTI bundling.

Proposal:  We propose to apply these simulation assumptions listed in Table 4 to specify new PUSCH demod performance for Rel-12 enhanced TTI bundling.  Performance shall be specified with SNR at 2% rBLER point for all channel bandwidth.
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