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1  Introduction

At the RAN1#74bis, the coverage enhancements for TDD spectrum were discussed and it was agreed to continue discussion on coverage enhancements for TDD in order to decide
· Whether or not further enhancement for Configurations #0, #1, #6 is necessary

· Especially with respect to coverage gain;
· If so, details.
· Whether or not coverage enhancement for Configurations #2, #3, #4, #5 is necessary

· If so, details.
In this contribution, we share our views on uplink coverage enhancements for LTE TDD spectrum.
2  UL-DL Configurations Supporting TTI Bundling

According to LTE Rel.11 specification only configurations #0, #1, and #6 support TTI bundling operation. Given the 20ms arrival rate for VoIP packet, the maximum number of TTIs supported by each of these configurations are limited. In Table 1, we present the maximum possible number of TTIs in a bundle that can be supported without the possibility of buffer overflow. 
Table 1: Maximum number of TTIs per VoIP packet in TDD

	TDD Configuration
	Maximum Number of TTIs per VoIP packet (20ms)

	
	

	0
	12

	1
	8

	6
	10


Configuration #0: With the existing bundling mechanism, a maximum of 2 transmission of a packet is possible within 50ms time delay budget resulting in accumulation of 8TTIs per VoIP packet at the receiver side. Alternative solution mechanisms can be considered that can make use of total 12TTIs per VoIP packet. Some of the possible mechanisms are listed below:

·  Bundle size of 6TTIs: RTT can be set to 30ms, and 3 HARQ processes can be used. 
·  Bundle size of 3TTIs: RTT can be set to 15ms, and 3 HARQ processes can be used.

·  Bundle size of 12TTIs: No retransmission, with one HARQ process
Within a 50ms delay budget, an accumulation of 12TTIs per VoIP packet is possible for all of the above mentioned methods.
Configuration #1: The existing bundling mechanism can already make use of maximum number of TTIs (i.e. 8 per VoIP packet). Therefore, no additional mechanism is required for this configuration.
Configuration #6: With the existing bundling mechanism, a maximum of 2 transmission of a packet is possible within 50ms time delay budget resulting in accumulation of 8TTIs per VoIP packet at the receiver side. Alternative solution mechanism can be considered that can make use of the total 10TTIs per VoIP packet. Some possible solutions are listed below:

· Bundle size of 5TTIs: RTT can be set to 30ms, and 3 HARQ processes can be used.
· Bundle size of 10TTIs: No retransmission, with one HARQ process. 
Observation 1: Additional TTI bundling enhancement can be considered for UL-DL configuration #0 and #6. No additional enhancement is expected for UL-DL configuration #1.

3 UL-DL Configurations w/o TTI Bundling
According to LTE Rel.11 specification, UL-DL configurations #2, #3, #4, #5 do not support TTI bundling. In Table 2, we present the maximum possible number of TTIs in a bundle that can be supported without the possibility of buffer overflow with a 20ms VoIP packet arrival rate. Using the legacy mechanism without TTI bundling, a maximum of up to 5 transmission is possible within the 50ms time delay budget. Therefore, except for UL-DL configuration #3, all other mechanisms can already achieve the maximum possible accumulation of TTIs per VoIP packet. Therefore, no additional enhancement is expected for UL-DL configurations #2, #4 and #5.
Table 2: Maximum number of TTIs per VoIP packet in TDD

	TDD Configuration
	Maximum Number of TTIs per VoIP packet (20 ms)

	
	

	2
	4

	3
	6

	4
	4

	5
	2


Configuration #3: With the existing mechanism, a maximum of 5 transmission of a packet is possible within 50ms time delay budget resulting in accumulation of 5TTIs per VoIP packet at the receiver side. Below we listed some possible bundling mechanism that can results in accumulation of 6TTIs per VoIP packet:

·  Bundle size of 3TTIs: RTT can be set to 30ms, and 3 HARQ processes can be used. 

·  Bundle size of 6TTIs: No retransmission, with one HARQ process

Observation 2: TTI bundling will not provide any performance improvement for UL-DL configuration #2, #4 and #5. TTI bundling mechanism can be considered for UL-DL configuration #3.
4 Semi-persistent scheduling for TDD TTI bundling
Existing TDD TTI bundling mechanism are not used jointly with semi-persistent scheduling since initial transmissions of different VoIP packets can overlap with retransmissions of TTI bundles. The use of dynamic scheduling cause additional control overhead for VoIP communication in TTI bundling mode. Compare to the legacy bundling mechanisms, the TTI bundling schemes listed in Section 2 and 3 are more structured and systematic. Therefore, the use of SPS-scheduling along with the TTI bundling can be introduced for the enhanced TDD TTI bundling schemes for additional control overhead reduction. In Figure 1 and 2, we present examples of SPS allocation for the proposed bundling schemes for UL-DL configuration #0 and #6 respectively.
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Figure 1 Proposed enhanced TTI bundling scheme for UL-DL configuration #0
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Figure 2 Proposed enhanced TTI bundling scheme for UL-DL configuration #6
Observation 3: Semi-persistent scheduling along with enhanced TTI bundling mechanism can be introduced for UL-DL configuration #0, #3 and #6.
5 Performance Analysis
In this section, we present performance analysis of different methods. Simulation assumptions are presented in the Appendix. In Table 3, 4 and 5 we show the performance gain in dB compare to the legacy methods for 2% residual BLER for UL-DL configurations #0, #6 and #3 respectively. As can be observed from Table 3, enhanced bundling mechanism with 3TTIs, 15ms RTT and 3HARQ processes can provide on an average around 2.0dB gain over the legacy bundling mechanism for TDD UL-DL configuration #0. Similarly, from Table 4 we observed that, enhanced bundling mechanism with 5TTIs, 30ms RTT and 3HARQ processes can provide on an average around 1.0dB gain for UL-DL configuration #6. The gain expected from introducing bundling mechanism for UL-DL configuration #3 is less than 1dB.
Table 3 Performance gain (dB) for 2% residual BLER of enhanced TTI bundling schemes over legacy bundling scheme for UL-DL configuration #0
	UL-DL Configuration #0
	AWGN
	EPA 7.2Hz
	EPA 72Hz
	ETU 7.2Hz
	ETU 72Hz
	Average

	6TTI, 3HARQ
	1.78
	1.73
	1.9
	1.98
	2.03
	1.884

	3TTI, 3HARQ
	1.78
	2.25
	2.05
	2.12
	2.1
	2.06

	12TTI, 1HARQ
	1.78
	0.83
	1.72
	1.50
	2.0
	1.57


Table 4 Performance gain (dB) for 2% residual BLER of enhanced TTI bundling schemes over legacy bundling scheme for UL-DL configuration #6
	UL-DL Configuration #6
	AWGN
	EPA 7.2Hz
	EPA 72Hz
	ETU 7.2Hz
	ETU 72Hz
	Average

	5TTI, 3HARQ
	0.81
	1.0750
	0.96
	1.02
	1.1
	1.0

	10TTI, 1HARQ
	0.79
	0.3650
	0.88
	0.42
	1.05
	0.7


Table 5 Performance gain (dB) for 2% residual BLER of enhanced TTI bundling schemes over legacy scheme without TTI bundling for UL-DL configuration #3
	UL-DL Configuration #3
	AWGN
	EPA 7.2Hz
	EPA 72Hz
	ETU 7.2Hz
	ETU 72Hz
	Average

	3TTI, 3HARQ
	0.77
	0.67
	0.06
	0.73
	0.77
	0.6

	6TTI, 1HARQ
	0.77
	0.12
	-0.11
	0.4
	0.69
	0.37


Observation 4: For UL-DL configuration #0 and #6, a gain of 2dB and 1dB respectively is found from enhanced bundling mechanism. The gain expected from the use of bundling mechanism for UL-DL configuration #3 is less than 1dB.
6 Conclusions
In this contribution, we provided our views on uplink coverage enhancements for LTE TDD spectrum using enhanced bundling mechanism. We have the following observations:
Observation 1: Additional TTI bundling enhancement can be considered for UL-DL configuration #0 and #6. No additional enhancement is expected for UL-DL configuration #1.

Observation 2: TTI bundling will not provide any performance improvement for UL-DL configuration #2, #4 and #5. TTI bundling mechanism can be considered for UL-DL configuration #3.
Observation 3: Semi-persistent scheduling along with enhanced TTI bundling mechanism can be introduced for UL-DL configuration #0, #3 and #6.
Observation 4: For UL-DL configuration #0 and #6, a gain of 2dB and 1dB respectively is found from enhanced bundling mechanism. The gain expected from the use of bundling mechanism for UL-DL configuration #3 is less than 1dB.
Based on our observations and analysis, we propose to introduce enhanced bundling mechanism along with simultaneous SPS scheduling for TDD UL-DL configurations #0 and #6.
Proposal: Introduce enhanced bundling mechanism along with simultaneous SPS scheduling for TDD UL-DL configurations #0 and #6.

Appendix Simulation Assumption
	Parameters
	Values

	Bandwidth
	10MHz

	Channel Model
	AWGN, EPA / ETU [ 7.2, 72] Hz 

Corresponding to 3km/h and 30km/h vehicular speed at 2.6GHz operating frequency

	Duplexing
	TDD

	Antenna Configuration
	UE : 1 Tx antenna

eNB : 2 Rx antennas

Low correlation

	Receiver Type
	MMSE

	Channel Estimation
	Realistic

	Frequency Hopping
	Type 2 inter-subframe PUSCH hopping with Nsb = 4

	TBS
	328 bits

	PRB Allocation
	1

	Modulation
	QPSK

	Performance Target
	2% rBLER
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