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1.  Introduction
The Rel-11 SI on “LTE coverage enhancements” was initiated in RAN #53 [1]. Further investigation on coverage enhancement for potential solutions for uplink medium data rate and VoIP has been agreed on the TR [2]. A way forward is given on RAN1 #68bis [3]:

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 present some further analysis and evaluations on TTI bundling enhancement for uplink VoIP. 
2.  Discussion
2.1. Timing requirements
For analysis of TTI bundling enhancement for uplink VoIP, some constraints in the transmission design need to be kept in mind:
· 98% radio interface tail latency should not exceed 50 ms [4]. From an operator’s view, considering widely used digitization process, the trend of the network deployment with more stops and hops, and the information transferring among different networks, latency is now becoming one significant limiting factor for network quality. So it should be more cautious on any attempt on introducing additional latency in air interface, and keeping air-interface latency requirement of 50ms is desirable and reasonable for coverage enhancements study. 
· VoIP packets arrive at an interval of 20ms. Considering the maximum number of HARQ retransmissions within the latency budget and supposing that there will be no overlapping between forthcoming VoIP packet and the retransmission packet, the maximum number of TTIs that could be assigned for transmission of one packet is not more than 20 [4]. 
2.2. TTI bundling supported in Rel-8
TTI bundling is a promising technique for VoIP coverage with four consecutive subframes bundled together. Take the FDD systems for example, to synchronize the normal 8ms HARQ RTT and consider the transmission/decoding/processing delay, the HARQ RTT of Rel-8 TTI bundling is defined as 16ms. The subframes between two bundles’ transmissions could be utilized for bundled transmission and normal HARQ process.

The VoIP coverage can also be improved by using RLC segmentation, i.e. by separating each RLC SDU into several smaller PDUs. A lower level MCS can be chosen for each individual RLC PDU when it is mapped into the PUSCH with a smaller TB. The number of concurrently running UL HARQ processes is increased when compared to the case with no RLC segmentation given that each PDU uses a separate HARQ process. In Rel-8, TTI bundling and RLC segmentation can be applied together aiming to enhance the VoIP coverage further, and the collision between retransmission of different PDUs and forthcoming packet may potentially occur while the same PRBs are allocated to the RLC SDU. For example, using Rel-8 TTI bundling and 2-segments RLC segmentation, the collision is denoted as Figure 1.
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Figure 1 Transmission collision for Rel-8 TTI bundling with RLC segmentation

With one basic assumption that no additional DL control signaling overhead is introduced, i.e., dynamic scheduling for solving the collision between forthcoming packet and retransmission packet is excluded at this stage, there are two potential designs for Rel-8 TTI bundling with RLC segmentation to avoid such collisions, as shown in Figure 2 and Figure 3, respectively. 
In scheme 1, termed as “2+2”, the two segments are allocated in two discontinuous bundles with the same maximum transmission times of two within the latency budget of 50ms. The collision between two segments can be avoided at the cost of reduced number of retransmission. In this scheme, maximum 20 TTIs of transmission for single packet cannot be fully utilized which leads to some insufficiency of energy accumulation. In the enhanced scheme 2, termed as “3+2”, the maximum number of transmission times for segment 1 is increased from 2 to 3, so as to further improve the energy accumulation effect within latency budget of 50 ms compared to scheme 1. 
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Figure 2 Rel-8 TTI bundling with RLC segmentation (2+2)
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Figure 3 Rel-8 TTI bundling with RLC segmentation (3+2)

The application of RLC segmentation will bring some problems, e.g., increased overhead due to 24 bit CRC insertion for each VoIP packet segment and additional overhead associated with RLC/MAC header for each segment, and increased DL control signaling for UL grant for each segment. Meanwhile, the BLER for one RLC SDU will increase in segments combination since one packet is correct only when both segments are correctly received. 
2.3. Potential solutions for TTI bundling enhancement
Considering the two timing constraints for VoIP transmission, there are two potential solutions for TTI bundling enhancement in which the maximum number of TTIs for transmission of single packet can reach the upper bound of 20. 
Solution with shorten HARQ RTT (4TTIs x 5)
Figure 4 presents the first solution, termed as “4TTIs x 5”, in which 4 TTIs forms one bundle, and each bundle is retransmitted with HARQ RTT of 12ms. Therefore, within the delay budget of around 50ms (e.g. 52ms), maximum 5 transmissions for one packet can be finished and maximum energy accumulation is achieved. 
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Figure 4 TTI bundling enhancement solution with shorten HARQ RTT
The potential impacts of this solution on the standard are as follows:
· HARQ RTT: The HARQ RTT is reduced to 12ms, which is the main standard change for this solution. The RTT of 12 ms can still meet the realistic requirement on transmission/decoding/processing delay. The coexistence with other transmission with RTT of 8ms on same PRBs possibly needs to be considered. 
· Higher layer configuration: The trigger of TTI bundling enhancement with reduced RTT and maximum 5 transmissions for one packet needs to be configured via higher layer signaling . 

Solution with unequal number of TTI bundled (8+4+4+4)
The second solution is illustrated in Figure 5, termed as “8+4+4+4”, in which the bundle sizes of different transmission are not the same, and the bundle size of the first transmission is 8 TTIs and the others for retransmission are 4 TTIs. In this solution, the maximum number of TTIs for transmission of one packet can reach 20 within the latency budget of around 50ms (e.g. 52ms), and the HARQ RTT is the same as that in Rel-8 TTI bundling of 16ms. Similar to “4TTIs x 5”, this solution with unequal number of TTI bundled can obtain coverage gain from increased energy accumulation.
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Figure 5 TTI bundling enhancement solution with unequal retransmission bundle
The potential impacts of this solution on the standard are as follows:

· Unequal number of TTI bundled: The timing for data transmission at UE side needs to be changed. For data construction on each TTI, the rotation of RV0, 2, 3, 1 in Rel-8 can be reused.
· Higher layer configuration: The trigger of TTI bundling enhancement with unequal number of TTI bundled needs to be configured via higher layer signaling.
3. 
Evaluation and Analysis on the performance
3.1. Evaluation of potential solutions
In this section, we give some link level simulation results to compare the coverage performance of Rel-8 TTI bundling and TTI bundling enhancement, including Rel-8 TTI bundling with maximum 4 transmission for one packet (termed as “4TTIs x 4”), Rel-8 TTI bundling with RLC segmentation of “3+2” and “2+2”, TTI bundling enhancement with shorten HARQ RTT (“4TTIs x 5”) and unequal number of TTI bundled (“8+4+4+4”). The main simulation parameters are provided in Table 1.
Table 1 Simulation parameters

	
	Parameters

	Carrier frequency
	2GHz

	System bandwidth 
	10 MHz 

	AMR rate
	12.2kbps

	Antenna configuration eNB 
	2 Rx 

	Antenna configuration UE 
	1 Tx 

	Receiver
	MRC

	Radio channel
	EPA5Hz, EVA70Hz, ETU70Hz

	PRB allocation
	1PRB

	Latency budget 
	around 50 ms 

	RLC header
	8bits

	MAC header 
	8bits

	Frequency hopping
	ON


Figure 6(a)/(b)/(c) provide the performance comparison for uplink VoIP with the five TTI bundling schemes as mentioned above, and different channel models are assumed including low UE speed case and higher UE speed case. From the simulation results, it can be seen firstly that Rel-8 TTI bundling with RLC segmentation cannot provide performance gain over that without RLC segmentation. Furthermore, compared to the best scheme in Rel-8, i.e., “4 TTIs x 4”, with a rBLER target of 2%, the required SNR gain obtained by TTI bundling enhancement schemes including “4 TTIs x 5” and “8+4+4+4” is more than 1 dB, as shown in Table 2. The coverage gain comes from more energy accumulation and addition time diversity gain.
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 (b) EVA70
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(c) ETU70
Figure 6 Performance comparison of TTI bundling schemes for UL VoIP
Table 2 Required SNR gain for TTI bundling enhancement schemes compared to “4 TTIs x 4”
	Required SNR gain (dB)
	Channel model

	
	EPA5
	EVA70
	ETU70

	4TTIs x 5
	1.3
	1.4
	1.5

	8+4+4+4
	1
	1.2
	1.3


4. Conclusions
In this contribution, we presented some analysis and evaluation on the potential TTI bundling enhancement solutions. It can be observed that 1 – 1.5 dB gain can be obtained by TTI bundling enhancement schemes compared to Rel-8 TTI bundling. In addition, the potential standardization impacts of TTI bundling enhancement were provided. Taking into account the effective coverage benefit and relative small standardization impacts, we propose to:

· Specify enhanced TTI bundling mechanisms for coverage enhancements of UL VoIP.
5. References
[1] RP-111359, Study Item Description: LTE Coverage Enhancements, China Telecom, Sep. 2011
[2] R1-120941, 3GPP TR 36.824, Evolved Universal Terrestrial Radio Access (E-UTRA); “LTE Coverage Enhancements”, Rel-11,V1.0.0, Feb. 2012
[3] R1-121889, WF on uplink coverage enhancements, ZTE, China Telecom, Orange, China Unicom, Nokia, NSN, Ericsson, ST-Ericsson, InterDigital, Intel, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Mar. 2012
[4] R1-121130 Evaluation of TTI bundling enhancement for UL VoIP, China Telecom, Mar. 2012
6

_1397979319.vsd
50ms


Forthcoming packet


Forthcoming packet


Segment1


Segment2



_1397990932.vsd
Forthcoming packet


Forthcoming packet


50ms



_1397997614.vsd
Forthcoming packet


Forthcoming packet


50ms



_1397980681.vsd
50ms


Forthcoming packet


Forthcoming packet


Segment1


Segment2


waste



_1397979122.vsd
50ms


Collision


Forthcoming packet


Forthcoming packet


Segment1


Segment2



