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1      Introduction
The WI on LTE coverage enhancements [1] was approved at RAN#60 with following additional agreements [2]
· Email discussion to start after RAN1#74 to see if consensus can be reached on down-selection of the enhancements to consider

· Online discussion from RAN1#74bis
Taking into account the study documented in TR 36.824 [3], the follow-up WI shall focus on the following areas [1]:

· Specify necessary TTI bundling enhancements to improve coverage for medium data rate PUSCH, potentially including at least the following aspect:
· Allocating more than 3 PRBs per subframe in conjunction with TTI bundling
· Identify and specify necessary TTI bundling enhancements to improve coverage for uplink VoIP, potentially including at least one of the following aspects:
· HARQ timing

· Number of TTIs bundled, including fixed or flexible bundle size
· Time interleaving of bundled TTIs

· PUCCH format 3 structure type uplink transmission mode
· Determine whether TTI bundling should be extended to more TDD UL-DL configurations
· Specify the necessary L2 protocols to support the identified coverage enhancements
· Specify applicable UE and eNB core requirements
In this contribution, we present our further views on potential solutions for TTI bundling enhancements for UL VoIP considering performance and standardization impacts.
2      TTI bundling in LTE Rel-8 for UL VoIP
TTI bundling is a technique used to send a transport block multiple times in consecutive subframes without waiting for HARQ ACK/NACK messages. TTI bundling was designed in LTE Rel-8, as shown in Figure 1, targeting for coverage enhancements for UL VoIP. The principle is to maximize the amount of time a UE can transmit continuously at maximum power. A transport block of a VoIP packet is converted to multiple redundancy versions after coding, the different redundancy versions can be transmitted using one bundle in a set of four consecutive subframes (TTIs) without waiting for the HARQ ACK/NACK feedback and a combined ACK/NACK can be sent after processing all the transmissions of a transport block. The bundled TTI’s are treated as a single UL resource assignment where only a single UL grant and a single PHICH ACK/NACK are required. The HARQ retransmission period for TTI bundled allocations in FDD is equal to 16 subframes. TTI bundling in LTE Rel-8 is activated through RRC signalling.
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Fig.1 Illustration of TTI bundling in LTE Rel-8 for UL VoIP

3      Potential solutions for TTI bundling enhancements for UL VoIP
3.1     Timing requirements

For analysis of TTI bundling enhancement for uplink VoIP, some constraints in the transmission design need to be taken into account [4]:
· 98% radio interface tail latency should be kept around 50 ms. 

· VoIP packets arrive with 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.
3.2     Candidate solutions
A number of solutions have been investigated during coverage enhancement SI, which are summarized in Table I below.

Table I: Candidate solutions

	WI scope (RAN1 related) 
	Candidate Solutions 

	UL VoIP 
	HARQ timing 
	Solution 1: Reduction of RTT to 12ms or less [5,12] 

	
	Number of TTIs bundled (fixed/flexible) 
	Solution 2: Increase of bundling size to 20 TTIs [6,7] 

Solution 3:Increase of bundling size to 10 TTIs [6,7] 

Solution 4:Increase of bundling size to 8 TTIs (together with change of SPS interval to 24 ms) [9,10] 

Solution 5:Increase of bundling size to 5 TTIs [13] 

Solution 6:Use of flexible bundling size [8 4 4 4] TTIs [5,8] 

	
	Time interleaved 
	Solution 7:TTI bundling size of 20 TTIs with time interleaved [7,12] 

	
	PUCCH format3 structure 
	Solution 8:PUCCH format3 structure [9,11] 


3.3     Performance evaluation
In this section, we give link level simulation results to compare the coverage performance of different TTI bundling enhancements solutions. The main simulation parameters are provided in Table II.
Table II: 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

	Channel estimation
	Ideal

	PRB allocation
	1PRB

	Latency budget 
	around 50 ms 

	Frequency hopping
	OFF


Figure 2 provides the performance comparison for UL VoIP with different TTI bundling enhancements schemes mentioned in section 3.2. From the simulation results, we can see that Solution 2 (Increase of bundling size to 20 TTIs) performs the worst due to lack of time diversity. The other schemes have similar coverage performance.
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Fig.2 Coverage performance comparison for potential solutions
Base on the above simulation results, we have the following observation:

Observation: Solution 2 has the worst coverage performance, while the other candidate solutions have similar coverage performance.
4      Views on candicated solutions
In this section, we analyze the candidate solutions in different aspects, including coverage performance, standardization impacts and network impacts. We provide our views and preferences to narrow down the potential solutions for UL VoIP enhancements.
4.1     Solution 1
Reducing RTT to 12ms can provide good coverage performance enhancement shown in section 3.3. Both standardization impacts and network impacts are analyzed as follows.
· Standardization impacts
· RTT/HARQ timing: New RTT with 12 ms needs to be introduced which is not aligned with Rel-8 RTT with 16ms.
· Bundle size: Rel-8 bundle size 4 can be kept in solution 1.
· Number of HARQ process: 3 HARQ processes can be supported in solution 1.
· Higher layer impact: RRC signalling is needed to configure new RTT and number of HARQ process.
· Network impacts

· Scheduler complexity/collision probability: Due to different RTT with Rel-8 TTI bundling, there is possibility of resource collision between legacy UE (including both with and without TTI bundling) and new UE. The scheduler needs to handle the problem of resource collision. If UL grant is used to handle the resource collision between legacy UE and new UE, it will result in additional L1 control signalling overhead. If separate RBs are allocated to UEs with different RTTs, it will cause low resource efficiency.
· Resource efficiency: The resource efficiency largely depends on the probability of resource collision between legacy UE and new UE. If no legacy UE exists, the resource can be fully utilized. If legacy UE and new UE coexist, using UL grant to handle resource collision may affect DL resource efficiency, while using separate RBs to handle resource collision will cause low resource efficiency in UL. Since the same bundle size is kept as Rel-8 in solution 1, the problem of resource collision between legacy UE and new UE introduced only by different RTTs may be less severe compared with other solutions, e.g., solution 2/3/5/7.
In summary, solution 1 has relatively low standardization impacts and the major network impact is resource collision handling due to different RTTs between legacy UE and new UE. Considering the good performance and low standardization impact, we think solution 1 can be considered as the potential solution for UL VoIP enhancements for Rel-12.
4.2     Solution 2
From the simulation results in section 3.3, solution 2 has the worst performance due to lack of time diversity. Therefore, solution 2 may be excluded due to the worst performance.
4.3     Solution 3

Solution 3 with 10 TTIs bundling have better coverage performance than solution 2, but the new introduced RTT is not aligned with Rel-8 RTT with 16ms. Both standardization impacts and network impacts are analyzed as follows.
· Standardization impacts

· RTT/HARQ timing: New RTT with 20 ms needs to be introduced which is not aligned with Rel-8 RTT with 16ms.

· Bundle size: New bundle size 10 needs to be introduced in solution 3.
· Number of HARQ process: 2 HARQ processes can be supported in solution 3.
· Higher layer impact: RRC signalling is needed to configure new RTT and number of HARQ process and new MAC control signalling is needed to configure the bundle size.
· Network impacts

· Scheduler complexity/collision probability: Compared to solution 1, due to different RTT and bundle size, more frequent resource collision may happen between legacy UE and new UE. The scheduler needs to handle the problem of resource collision. Additional L1 control signalling overhead and low resource efficiency may be introduced at the meantime.

· Resource efficiency: The resource efficiency is low due to the large bundle size and latent resource collision. Compared with solution 1/4/6, if legacy UE and new UE coexist, serious resource collision would happen due to new introduced RTT and bundle size.
In summary, solution 3 needs to change RTT, bundle size as well as number of HARQ process and have relatively high impact on network; therefore, we think solution 3 may not be considered as the potential UL VoIP enhancements for Rel-12.
4.4     Solution 4

Although good coverage gain can be achieved by solution 4, it needs to change SPS interval to 24ms, which is not compatible with VoIP packet arrival interval of 20ms. Otherwise, if the SPS interval is kept using 20ms, severe resource collision will occur between the new VoIP packet and retransmitted packet. Thus, solution 4 has large higher layer impacts and will require much standardization efforts; therefore, it seems not feasible to include solution 4 in this WI during Rel-12 timeline.

4.5     Solution 5

Good performance gain can be obtained compared with Rel-8 TTI bundling. Both standardization impacts and network impacts are analyzed as follows.
· Standardization impacts

· RTT/HARQ timing: New RTT with 15 ms needs to be introduced which is not aligned with Rel-8 RTT with 16ms.

· Bundle size: New bundle size 5 needs to be introduced in solution 5.
· Number of HARQ process: 3 HARQ processes can be supported in solution 5.
· Higher layer impact: RRC signalling is needed to configure new RTT and number of HARQ process and new MAC control signalling is needed to configure the bundle size.
· Network impacts

· Scheduler complexity/collision probability: Similar to above solution, due to different RTT and bundle size, frequent resource collision could happen between legacy UE and new UE. The scheduler needs to handle the problem of resource collision. Additional L1 control signalling overhead and low resource efficiency may be introduced at the meantime.
· Resource efficiency: Compared with solution 1/4/6, if legacy UE and new UE coexist, serious resource collision would happen due to new introduced RTT and bundle size, and the resource efficiency will be reduced.
In summary, solution 5 has good performance gain but it has relatively high impact on network, e.g., low resource efficiency and large resource collision probability. Therefore, we think solution 5 may not be considered as the potential UL VoIP enhancements for Rel-12.
4.6     Solution 6

Good coverage performance gain can be achieved by solution 6. Both standardization impacts and network impacts are analyzed as follows.

· Standardization impacts

· RTT/HARQ timing: Rel-8 RTT with 16ms is kept in solution 6.

· Bundle size: The bundle size for initial transmission and retransmission can be configured with different number, e.g., bundle size of 8 for initial transmission and 4 for retransmission. The pattern of bundle size for each transmission can be fixed and no dynamic signalling is needed.
· Number of HARQ process: 3 HARQ processes can be supported in solution 6.
· Higher layer impact: RRC signalling is needed to configure number of HARQ process and MAC control signalling to configure bundle size.
· Network impacts

· Scheduler complexity/collision probability: There is possibility resource collision between legacy UE and new UE. Additional L1 control signalling overhead and low resource efficiency may be introduced at the meantime. But the unchanged RTT may allow better co-existence between legacy UE and new UE.
· Resource efficiency: With unchanged RTT, the problem of resource collision between legacy UE and new UE can be less severe and may allow better co-existence between legacy UE and new UE due to compared with other solutions.

In summary, solution 6 has relatively low standardization impacts and network impacts. Considering the good performance and low standardization impact, we think solution 6 can be considered as the potential solution for UL VoIP enhancements for Rel-12.
4.7     Solution 7

Better performance might be obtained by solution 7 compared with solution 2, but large standardization and network impacts may be introduced. Besides new RTT, new bundle size and number of HARQ process need to be introduced, also solution 7 needs to define the interleaved pattern and handle the resource collision between legacy UE and new UE. Moreover, the resource efficiency is low due to the large bundle size and serious resource collision. Based on above analysis, solution 7 may be not feasible to be included in this WI during Rel-12 timeline.
4.8     Solution 8

Solution 8 introduces a new PUSCH format and new physical resource mapping/spread scheme is needed which may have large impact on RAN1. Furthermore, new eNB receiver and additional coordination of spreading codes between cells may be needed. Due to the larger impact on standardization compared with other solutions, solution 8 may not be considered as the potential solution for UL VoIP enhancements for Rel-12.
4.9     Comparison
The comparisons of different candidate solutions are summarized in terms of performance gain, standardization impacts and network impacts in table III.

Table III: Comparison of candidate solutions
	Candidate solutions
	Performance gain
	Standardization impacts
	Network impacts

	
	
	New RTT/HARQ timing
	New Bundle size
	Newly defined Number of HARQ process
	Higher layer impact
	Others
	Resource efficiency
	Scheduler complexity/Collision probability

	Solution1
	Medium/High
	Yes
	No
	Yes
	Low
	/
	Medium/High
	Medium

	Solution2
	Low
	Yes
	Yes
	Yes
	Low
	/
	Low
	High

	Solution3
	Medium/High
	Yes
	Yes
	Yes
	Low
	/
	Low
	High

	Solution4
	Medium
	No
	Yes
	Yes
	High
	/
	Medium/High
	Low/Medium

	Solution5
	Medium/High
	Yes
	Yes
	Yes
	Low
	/
	Low/Medium
	High

	Solution6
	Medium/High
	No
	Yes
	Yes
	Low
	/
	Medium/High
	Low/Medium

	Solution7
	Medium/High
	Yes
	Yes
	Yes
	Medium
	Interleaving pattern 
	Low
	High

	Solution8
	Medium/High
	Yes
	Yes
	Yes
	Medium
	Resource mapping/spreading scheme
	Low
	High


Based on the above discussion and comparison, we have following proposal:
Proposal: Enhanced TTI bundling for UL VoIP enhancements for Rel-12 will be selected from the following alternatives.
Alt 1: (Solution 1) Reduction of RTT to 12ms or less

Alt 2: (Solution 6) Use of flexible bundling size

5      Conclusions
In this contribution, performance evaluations based on link level simulation are presented, and standardization and network impacts of candidate solutions are analyzed. To narrow down the potential solutions and make forward progress, we have following proposals:
Proposal: Enhanced TTI bundling for UL VoIP enhancements for Rel-12 will be selected from the following alternatives.

Alt 1: (Solution 1) Reduction of RTT to 12ms or less

Alt 2: (Solution 6) Use of flexible bundling size
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