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1. Introduction

The LS from RAN2 in [1] asked RAN1 to consider the uplink coverage issue based on the current L2 protocol handling and to outline possible solutions. Some candidate solutions based on TTI bundling [2] – [4] were discussed in RAN1 #51bis, but it was not possible to reach a conclusion. 
The TTI bundling and “multi-process” schemes are illustrated in figures 1 and 2 respectively (from [5]).
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Figure 1: TTI Bundling
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Figure 2: “Multi-process” solution
Each of the schemes proposed has strong and weak points, as summarised in the following table:

	
	RLC segmentation
	TTI bundling [2]
	“Multi-process” [4]

	Pros
	· Short HARQ retransmission latency
	· Small number of ACK/NAK transmissions
· High transmission efficiency
· All subframes can be used in decoding before ACK/NACK
	· Small number of ACK/NAK transmissions
· Short HARQ retransmission latency

· High transmission efficiency

	Cons
	· Low transmission efficiency due to overhead and resource grant for each segment

· Large number of ACK/NAK transmissions
	· Long HARQ retransmission latency
	· Unnecessarily high probability of retransmission 


In this contribution, we proposed a way forward which aims to capture the positive aspects of both schemes.
2. Modified TTI bundling scheme 
We propose a simple modification of the TTI bundling scheme, where the ACK or NACK is sent in response to the decoding of the entire TTI bundle, but the HARQ RTT is modified so that the retransmission does not need to be delayed for 8 subframes. 
This is shown in Figure 3.
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Figure 3: Modified TTI bundling with reduced retransmission delay
The modification to the HARQ RTT, and hence to the relationship between the synchronous HARQ operation and the subframe numbering, could be configured on a semi-static basis per UE. Consequently it would not affect other UEs for which bundling was not configured. 
The UL HARQ operation remains synchronous.
This enables the eNB to use all the subframes in a TTI bundle in the decoding process, as well as shortening considerably (by 6 subframes in this example) the retransmission delay. 

3. Comparison
We repeat below the comparison of the schemes including the simple modified scheme outlined above. 

	
	RLC segmentation
	TTI bundling [2]
	“Multi-process” [4]
	Modified HARQ RTT

	Pros
	· Short HARQ retransmission latency
	· Small number of ACK/NAK transmissions
· High transmission efficiency
· All subframes can be used in decoding before ACK/NACK
	· Small number of ACK/NAK transmissions
· Shortest HARQ retransmission latency

· High transmission efficiency
	· Small number of ACK/NAK transmissions
· Short HARQ retransmission latency

· High transmission efficiency
· All subframes can be used in decoding before ACK/NACK

	Cons
	· Low transmission efficiency due to overhead and resource grant for each segment

· Large number of ACK/NAK transmissions
	· Long HARQ retransmission latency
	· Unnecessarily high probability of retransmission 
	· Small change to HARQ RTT if bundling is configured


4. Conclusions

As outlined above, we propose a way forward for the UL VoIP coverage issue, based on TTI bundling while keeping the retransmission latency short.
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