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Introduction
In RAN1#68bis, the following agreement was reached after some preliminary performance evaluations and discussions:
Observation based on results so far:

· The coverage of medium data rate PUSCH and UL VoIP can potentially be improved by approximately 1 dB by TTI bundling enhancements relative to R10 techniques

Next step of SI until RAN1#69:

Further investigate the details of TTI bundling enhancements for UL VoIP and medium data rate PUSCH, and the investigation should at least consider:

· Standard impact

· Analysis of network impacts e.g. VoIP capacity, identification of the scenarios in which the enhancements are useful (system level simulations are not mandatory),  

· Latency:

· Max around 50 ms for VoIP 

· For medium data rate, proponents should provide latency target assumption or statistics for their simulations

In this contribution, we provide some additional performance evaluation and discuss the possible schemes for TTI bundling enhancement.
UL VoIP
As discussed in [1], enhancement of TTI bundling for VoIP mainly focuses on collecting more energy by using more TTIs to transmit one VoIP packet. A natural choice for the maximum number of TTIs used for each VoIP packet is 20 due to the 20ms inter-packet arrival. However, it is also possible to allow the maximum number of TTIs to go slightly beyond 20 ms. Because the majority of the packets use less than the maximum number of TTIs with 2% rBLER target, it will not result in queue build-up.
In Figure 1, the link level performance is provided for the following three cases:

· Case 1: Rel-8 4-TTI bundling, with a max of 4 HARQ transmissions (up to 16 TTIs per VoIP packet, max delay 52ms)

· Case 2: Rel-8 4-TTI bundling, with a max of 5 HARQ transmissions (up to 20 TTIs per VoIP packet, max delay 68ms)

· Case 3: 8-TTI bundling, with a max of 3 HARQ transmissions (up to 24 TTIs per VoIP packet, max delay 40ms)

We have the following observations from the link level performance:
· Case 2 has ~1.1 dB gain over case 1, mainly due to more energy collection. (As a reference, the SINR gain from pure energy collection is 10*log10(20/16) = 0.97 dB.)

· Case 3 has ~1 dB gain over case 1, which is smaller than the SINR gain from pure energy collection (10*log10(24/16) = 1.76 dB).

· There is an obvious difference in the slope of the BLER curves for the three cases. This exactly reflects the maximum number of HARQ retransmissions allowed, which directly affects the time/frequency diversity gain from HARQ. (Note that inter-subframe hopping is enabled.) With the same RTT, more HARQ retransmissions provide more diversity gain. This is why case 2 performs even slightly better than case 3, even though it uses only 20-TTI, which is less than the 24-TTI allowed in case 3.
· For case 3, even though up to 24 TTIs are allowed, the average number of HARQ transmissions is 1.48, which means that each VoIP packet uses ~12 TTIs on average. Therefore, there should not be any queue build-up issue.

Observation 1: There is no need to restrict the maximum number of TTIs for a VoIP packet to be 20.
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Figure 1 Link level performance for VoIP (rBLER vs. SINR)
Case 2 obviously provides good performance, without any need for specification changes. However, the maximum delay is 68ms, which is more than the 50ms that is widely used in 3GPP for VoIP delay budget.
For any enhanced TTI bundling scheme that aims to increase the number of TTIs for transmission to 20 and keep the delay within 50ms, it is expected to perform similar to or slightly worse than case 2 (due to some loss in diversity). Therefore, roughly 1 dB gain can be expected from TTI bundling enhancement compared to the baseline case 1. However, no significant difference is expected between the different schemes. Therefore, the enhanced schemes should be kept as simple as possible, and extra flexibility (e.g. configurable number of TTI bundled) may not be necessary.
Most enhanced schemes include one or a combination of the following:

· Reduce the HARQ RTT

· Change the bundle size (the bundle size in each HARQ transmission may not be necessarily the same)

These schemes have limited impact on the specifications. However, the system impact should be considered as well. As an example, when the HARQ RTT is reduced from 16ms to 12ms, it becomes more difficult for the scheduler to efficiently handle the coexistence with the Rel-8/9/10 UEs which have 8ms or 16ms HARQ RTT. There will be some unavoidable conflict among the transmissions with different HARQ RTT, resulting in wastage of resource and reduced efficiency. The enhancement should take these aspects into account.
Proposal 1: The TTI bundling enhancement for VoIP should be kept simple and take into account the system impact.

PUSCH medium data rate

TTI bundling is allowed for 3 PRBs or less in Rel-8. There was discussion on whether it should be further extended to support more PRBs. In [2], we provided the performance for 384 kbps with and without TTI bundling, with 3 PRBs. Note that both cases are supported in Rel-8. We observed that 4-TTI bundling provides about 0.7 dB gain. To understand the benefit of extending the TTI bundling support to more PRBs, Table 1 provides the comparison between 3 and 4 PRBs both with 4-TTI bundling for 384 kbps. The link budget gain is 0.5 dB going from 3 PRBs to 4 PRBs. It appears that the gain is not significant. Additional investigation is needed if at least 1 dB gain is to be achieved.
However, extending TTI bundling to support more PRBs provides more flexibility in the UE scheduling. Given that TTI bundling is configured by higher layer signalling, the UE cannot switch fast between large or small number of PRBs. Rel-8 restricts that the UE can only use 3 PRBs or less when TTI bundling is configured. This may prevent the UE from fully taking advantage of the dynamic change in the channel and limit the UE performance.
Table 1 Required SINR and link budget comparison for RLC 388 kbps

	 
	No Bundling
	4-TTI Bundling
	4-TTI Bundling

	Number of PRBs
	3
	3
	4

	RLC SDU size (bits)
	432
	1728
	1728

	MAC TBS
	456
	1752
	1752

	RLC+MAC header overhead
	5.6%
	1.4%
	1.4%

	RLC data rate at 10% MAC layer iBLER
	388 kbps
	388 kbps
	388 kbps

	Required SINR per antenna @ 10% iBLER
	3.3 dB
	2.6 dB
	0.9 dB

	Required SINR per antenna @ 10% iBLER + 10*log10(Num PRBs)
	8.1 dB
	7.4 dB
	6.9 dB


Observation 2: Extending the TTI bundling to support more PRBs provides less than 1 dB gain in coverage for PUSCH medium data rate. However, it can potentially improve the scheduling flexibility.
Conclusions
In this contribution, we provided further evaluation results for enhanced TTI bundling and had the following observations and proposal:
Observation 1: There is no need to restrict the maximum number of TTIs for a VoIP packet to be 20.
Proposal 1: The TTI bundling enhancement for VoIP should be kept simple and take into account the system impact.

Observation 2: Extending the TTI bundling to support more PRBs provides less than 1 dB gain in coverage for PUSCH medium data rate. However, it can potentially improve the scheduling flexibility.
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Appendix
Table 1 Link level simulation assumptions for UL VoIP

	Carrier frequency
	2 GHz

	Channel model
	EPA 3km/h

	Frequency hopping
	Inter-subframe frequency hopping enabled

	Channel estimation
	Realistic

	Antenna
	1 tx, 2 rx

	Number of PRBs
	1

	Target BLER
	2% residual BLER after max # of HARQ transmissions

	HARQ RTT
	16 ms

	Codec
	AMR 12.2 kbps

	RLC
	RLC-UM mode, with short header of 8 bits assumed


Table 2 Link level simulation assumptions for PUSCH medium data rate

	Carrier frequency
	2 GHz

	Channel model
	EPA 3km/h

	Frequency hopping
	Inter-subframe frequency hopping enabled

	Channel estimation
	Realistic

	Antenna
	1 tx, 2 rx

	Target BLER
	10% initial BLER

	Max Number of HARQ transmissions
	8

	HARQ RTT
	16 ms for 4/8-TTI bundling, 8 ms without TTI bundling

	RLC
	RLC-AM mode, with 16 bit RLC header
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