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1.  Introduction
it was agreed in RAN1#68bis, for uplink coverage enhancement [1], the details of TTI bundling enhancements for UL VoIP and medium data rate PUSCH, should be investigated at least consider:

· Standard impact

· Analysis of network impacts,  

· 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, the schemes of TTI bundling improvements for coverage enhancement are investigated.
2.  Coverage enhancement for VoIP 
2.1. VoIP coverage constraints
The baseline PUSCH VoIP transmission in Rel. 8/9/10 applies TTI bundling to improve coverage. But some characteristics of VoIP will bring some constraints and need to be considered:
· AMR 12.2Kbps and 36 bytes RLC SDU packets arrive every 20ms which will constrain the design of maximum number of TTIs.

· 50ms[4] or round 50ms air-interface delay budget which shall have some impacts on RTT design and the maximum number of HARQ retransmission.
An example of current supported TTI bundling schemes in specification  is shown in Figure 1. The maximum number of bundled TTIs is 4 and RTT is 16ms. 
For 50ms delay bound, maximum 12 bundled TTIs are available for one packet transmission. While extending to 52ms delay bound, maximum 16 bundled TTIs are available for one packet transmission.=
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Figure 1. TTI bundling in LTE Rel. 8/9/10 (baseline scheme)
2.2. Potential schemes with TTI bundling
In principle, in order to improve the coverage using TTI bundling, the approch is to increase the number of TTIs from 12(within 50ms delay bound)/16(within 52ms delay bound) to  more TTIs. Power accumulation can increase the coverage of the reception. Since the VoIP packet is arrived every20ms, the maximum number of TTIs can be bundled for one packet transmission is 20. Based on this principle, some potential schemes are investigated as follows.
· Scheme 1: 8TTI bundling with 2 transmissions, RTT is 16ms
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Figure 2. scheme 1: 8TTI bundling with 2 transmissions, RTT time is 16ms
Scheme 1 increases the TTI bundling size to 8, but with the constraint of 50ms latency budget, there is only 16 TTIs can be used during 2 retransmissions, so this scheme can obtain little energy gain comparing to the baseline TTI bundling scheme. On the other hand, 8 TTI bundling can cause performance loss because of the collisions during retransmission and lack of time diversity.
· Scheme 2: 8TTI bundling with 2 transmissions, RTT is 32ms
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Figure 3. scheme 2: 8TTI bundling with 2 transmissions, RTT time is 32ms

Comparing to scheme 1, there is no collision in scheme 2. The maximum number of accumulated TTIs for on packet transmission is 16. There is obvious performance gain compared to baseline scheme.
· Scheme 3: 10TTI bundling with  2 transmissions, RTT is 30ms
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Figure 4. scheme 3: 10TTI bundling with  2 transmissions, RTT time is 30ms
The accumulated TTIs for scheme 3 are 20 in every 50ms. Therefore from power accumulation perspective, it can offer maximum  power accumulation gain. On the other hand, 10 TTI bundling may lose scheduling flexibility and time diversity. So the performance may be degraded.
· Scheme 4: 20 TTI bundling with 1  transmission
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Figure 5. scheme 4: 20TTI bundling with  1 transmission
Scheme 4 increases the bundling size to 20 TTIs. This bundling size seems quite large and cannot obtain enough time/frequency flexibility. To improve the performance, interleaved allocation can be adopted. However, this scheme may occupy 40ms and need more buffer size, and will make collision if no special scheduling algorithm. So similar to scheme 3, 20TTI bundling loses its flexibility which may be not good for the performance.
· Scheme 5: 4 TTI bundling with  5 transmissions, RTT is 12ms
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Figure 6. scheme 5: 4TTI bundling with  5 transmissions, RTT time is 12ms
Scheme 5 keep the same maximum bundling size 4 as to Rel.8, while changes the RTT and the number of retransmissions. With this faster HARQ method and maximum 5 retransmissions, 20TTIs can be fully applied in the latency budget and reach better performance. The maximum allowed delay for scheme 5 is 52ms.
· Scheme 6: 5 TTI bundling with  4 transmissions, RTT is 15ms
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Figure7. scheme 6: 5TTI bundling with  4 transmissions, RTT time is 15ms
Scheme 6 keeps the number of retransmission to 4 and changes the RTT to 15ms. The accumulated TTIs for scheme 6 are 20. The maximum allowed delay for scheme 5 is 50ms.
2.3. Simulation results
The summary of above schemes is shown in the next table which considering parameter designs, standard impact and latency budget.
Table1. Summary of potential TTI bundling schemes
	Index
	TTI bundling size
	RTT
(ms)
	Number of transmissions
	Maximum Latency
(ms)
	Standard impact
	Maximum number of accumulated TTIs for one VoIP packet

	Rel.8 baseline TTI bundling
	4
	16
	4
	52
	—
	16

	Scheme 1
	8
	16
	2
	24
	Bundling size / number of HARQ process
	16

	Scheme 2
	8
	32
	2
	40
	Bundling size / RTT / number of HARQ process
	16

	Scheme 3
	10
	30
	2
	40
	Bundling size / RTT / number of HARQ process
	20

	Scheme 4
	20
	—
	—
	40
	Bundling size
	20

	Scheme 5
	4
	12
	5
	52
	RTT / number of HARQ process
	20

	Scheme 6
	5
	15
	4
	50
	Bundling size / RTT
	20


From the table we can see, the increase of TTI bundling sizes for 4 to 8 without the reduction of RTT cannot increase the total number of TTIs used for VoIP packet transmission (still 16 TTIs the same as Rel. 8). So, considering on the energy accumulation, time diversity, performance and scheduling flexibility, we’d like to do some detailed evaluation on scheme 3, 5 and 6 which we think have better performance among them.
Table 1 shows the simulation assumptions for Rel.8 baseline TTI bundling and other potential schemes. Figure 8 gives the residual-BLER and throughput curves respectively.

Table1. Simulation assumptions for VoIP with TTI bundling

	Bandwidth
	20 MHz

	Carrier Frequency
	2 GHz

	Antenna Congiration
	UL 1*2

	Channel Mode
	EPA channel

	Mobile speed
	3km/h

	Channel Estimation
	Ideal

	Frequency hopping
	No

	HARQ RI
	0 1 2 3 0 1 2 4...

	PRB
	3

	TBS
	328bit

	MCS
	I_TBS=7, QPSK

	Targer BLER
	2% residual BLER
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(a) r-BLER comparisons for schemes 
         (b) throughput comparisons for schemes
Figure 8.VoIP link level performance curves for Rel.8 TTI bundling and other potential schemes
Figure 8(a) shows the simulation results in terms of r-BLER. With more accumulated TTIs per packet transmission (20TTIs vs 16TTIs), more performance gain can be obtained because of the energy accumulation. With the target r-BLER@2%, 4TTI bundling with 5 transmissions (scheme5) and 5TTI bundling with 4 transmissions (scheme 6) shall have 0.9dB gain comparing to Rel. 8 bundling scheme in terms of target SINR requirement. However, 10TTI bundling scheme has marginal performance gain because of the less time/frequency diversity.
On the other hand, the throughput for different schemes is also provided. It can be seen in figure 8(b) that the only increasing bundling size cannot bring better performance from throughput point of view. Compared to Rel.8 4TTI bundling, the maximum gain is about to 0.5dB.
Based on the aforementioned simulation results and analysis, the improvement of TTI bundling can get 0.9dB gain from residual-BLER performance point of view, while only 0.5dB gain from throughput point of view.
Proposal 1: For VoIP, improvement of TTI bundling can achieve approximate 1dB gain in terms of SINR with the same r-BLER. The following TTI bundling approaches are recommended,
· 5 TTI bundling with 4 transmissions, RTT time is 15ms, delay bound = 50ms
· 4 TTI bundling with 5 transmissions, RTT time is 12ms, delay bound = 52ms
3. Coverage enhancement for medium data rate

3.1. TTI bundling for medium data rate
Besides VoIP services, another service for UL coverage enhancement according to the outcome of discussion in previous meetings is PUSCH data rate 384kbps. In RAN1#68bis, preliminary analysis and comparisons have been investigated [3]. TTI bundling approach can reduce some overhead and offer channel encoding gain comparing to traditional HARQ retransmission approach. On the other hand, bundling may lose scheduling flexibility and time/frequency diversity which may cause performance loss.
3.2. Simulation results
This section gives simulation results based on the TTI bundling approach. And the simulation assumptions are listed in Table 2.
Table2. Simulation assumptions for medium data rate

	
	W/o bundling
	4TTI bundling

	Bandwidth
	2GHz

	Carrier Frequency
	10MHz

	Antenna Conguration
	UL 1Tx 2Rx

	Channel Mode
	EPA channel

	Mobile speed
	3km/h

	Channel Estimation
	Ideal

	Hopping
	No

	Number of PRBs
	4

	Max number of transmission
	4

	HARQ RV
	0 1 2 3

	Overhead
	3 Bytes for each packet

	Target BLER
	initial BLER = 10%

	TBS
	392bit
	1544bit

	MCS
	I_TBS=6, QPSK
	I_TBS=18, 16QAM

	Number of TTI
	1
	4

	RTT
	8
	16


In order to achieve 384kbps transmission rate, TBS and MCS are different between TTI bundling and w/o bundling, which means TTI bundling needs higher MCS to fulfill the rate target if the same PRB resource is allocated.
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4 PRB for medium data rate evaluation instead of 3 PRB is considered in order to achieve required data rate and better performance. Note that 3 PRB  is the maximum number of PRBs supported by TTI bundling according to the current specification.
(a) i-BLER curves 
   

      (b) Throughput curves
Figure 9.Link level performance curves for PUSCH medium data rate with or without TTI bundling
Figure 9(a) gives the i-BLER performance for the schemes with or without TTI bundling. From the figure we can see that 4TTI bundling cannot provide performance gain over traditional HARQ scheme. As mentioned above, TTI bundling for medium data rate transmission may need more aggressive MCS, such as 16QAM and higher coding rate, to maintain the same transmission efficiency as no TTI bundling scheme. From this point of view, although increasing transport block size can bring coding gain, comparing to the loss caused by MCS, the performance is still worse than the traditional scheme without bundling.
The similar result has been shown in figure 9(b) which indicates PUSCH medium data rate throughput curves for TTI bundling and no bundling schemes with RLC/MAC overhead consideration. The packet size for TTI bundling is larger than no bundling scheme, which means one bundling packet is wrong, four TTIs need to be retransmissed. 
Therefore, it is observed that TTI bundling has no additional gain in terms of i-BLER and throughput performance when comparing to traditional HARQ transmission without bundling.
Proposal 2: For PUSCH medium data rate, TTI bundling cannot provide performance gain
4. TTI bundling in TDD
For TDD, not all the TDD UL-DL configurations support TTI bundling. We believe it is better to remove such restriction as much as possible.
Table3. Supported TDD UL-DL configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


The current specification only supports TTI bundling for TDD UL-DL configuration 0, 1 and 6. From deployment perspective, it is not necessary to restrict other configurations, e.g., configuration 2, 3, 4, which will severely limit uplink coverage comparing to other configurations. It is proposed to discuss whether applying TTI bundling to more TDD configurations.
Proposal 3: It is proposed to reconsider TTI bundling issue in more TDD configurations. 

5. Conclusion 
In this contribution, the schemes of the coverage enhancement for VoIP and PUSCH medium data rate are investigated. For VoIP, some potential solutions with TTI bundling are proposed and compared from standard impact and performance impact point of view. For medium data rate PUSCH, whether TTI bundling can obtain additional gain has been discussed with simulation results also. 
It is observed and proposed that,

Proposal 1: For VoIP, improvement of TTI bundling can achieve approximate 1dB gain in terms of SINR with the same r-BLER. The following TTI bundling approaches are recommended,
· 5 TTI bundling with 4 transmissions, RTT time is 15ms, delay bound = 50ms
· 4 TTI bundling with 5 transmissions, RTT time is 12ms, delay bound = 52ms
Proposal 2: For PUSCH medium data rate, TTI bundling cannot provide performance gain
Proposal 3: reconsider TTI bundling issue in more TDD configurations. 
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