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1      Introduction
The new SI on Study on enhancement of VoLTE/video quality [1] was approved at RAN#71. The objective of this SI includes:
· Enhancements that improve the VoLTE/video quality perceived, focusing on (RAN1-led):

· Identify if it is possible to re-use the coverage enhancement techniques that have been already discussed in previous releases.
· Identify possible further enhanced HARQ for TTI bundling beyond Rel-12 enhancements. 
In RAN2#94, the potential enhancements for VoLTE/video quality were discussed. After the meeting, the LS [2] on VoLTE and video quality related enhancements in the email discussion was approved. In this LS, the following agreements were reached.
· The study of VoLTE/video quality related enhancements is focused on the techniques introduced by the eMTC work item.

· The study of VoLTE/video quality related enhancements is focused on the techniques available in CE mode A (with/without SPS) for Cat-M1 and other UE categories.

· For the study of VoLTE quality related enhancements, RAN1 is asked to take the recommended evaluation assumptions provided in [3] into account. It should be noted that for the RAN1 evaluation, RAN2 do not preclude the use of EVS codec rates other than 7.2 kbps.

In this contribution, we review TTI bundling in Rel-8 and enhanced TTI bundling in Rel-12 and evaluate the performance of the related enhancements for VoLTE/video quality in this new SI.

2      TTI bundling for UL VoIP in LTE Rel-8
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 Fig. 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 TTI bundling in LTE Rel-8 for UL VoIP

3      Enhanced TTI bundling for UL VoIP in LTE Rel-12
In Rel-12 Coverage Enhancement WI [4], various solutions are proposed and discussed. Considering the performance gain and standardization impact, TTI bundling with 12 ms HARQ RTT, as shown in Fig. 2 was finally agreed in RAN1 as the enhanced solution for UL VoIP in Rel-12. In this SI, enhanced TTI bundling specified in Rel-12 should be the baseline for performance evaluation.
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Fig. 2 Enhanced TTI bundling in LTE Rel-12 for UL VoIP
4      Potential enhancements for VoLTE/video quality

According to the LS [2] on VoLTE and video quality related enhancements, the study of VoLTE/video quality related enhancements is focused on the techniques available in CE mode A introduced by the eMTC WI and investigate the possible trade-off between packet delay budget and achievable coverage.
· Relaxed delay budget
For voice services, in order to maintain the quality, it is desired that the E2E voice packet delay is restricted in around 300ms. The voice packet E2E delay contains the air interface delay, the core network delay and the time for voice coding and decoding. Currently a rather tight air interface packet delay budget is assumed for voice service in RAN1, i.e., around 50ms. There exist some cases where a more relaxed air interface packet delay budget can be considered. Due to total E2E delay restriction, air interface packet delay budget relaxed to 100 ms is a reasonable choice.
In current specifications, for the enhanced TTI bundling, i.e. TTI bundling with 12 ms HARQ RTT, maximum 5 (re)transmission for one packet is allowed within the tight 50ms delay budget. With bundle size of 4 and 12 ms HARQ RTT, collision between new packet transmission and retransmission can be avoided. However, with relaxed delay budget of 100ms, if HARQ RTT is still kept as 12ms, collision between new packet transmission and retransmission cannot be avoided. If UL grant is used to handle the resource collision, it results in additional L1 control signalling overhead. Thus, HARQ RTT needs to be changed in order to avoid the collision with the relaxed delay budget.
· Increased repetition time
In the eMTC WI, evaluations showed the increase of repetition time can achieve the coverage enhancement target. In Rel-12 Coverage Enhancement WI, different bundle size was studied, from the evaluation results, bundle size of 4 can achieve the best performance within 50ms delay budget. With the relaxed delay budget, we can reconsider different bundle size. The performance evaluation is shown in section 5.
· Packet aggregation
Packet aggregation can be considered for coverage enhancements. In the LS, it is proposed to both consider that RAN aggregates up to four RTP packets with one speech frame encapsulated in one RTP packet as well as the application encapsulating up to four packets in one RTP packet. Full ROHC header compression is assumed, and BSR and PHR in each transmission. The resulting required transport block size including PDCP, RLC, and MAC headers for the different packet bundling strategies is presented in [3].
· Frequency hopping

In current specifications, there are two types of uplink frequency hopping defined for PUSCH: subband-based hopping according to cell-specific hopping/mirroring patterns and hopping based on explicit hopping information in the scheduling grant. In addition, two hopping modes are defined: inter-subframe hopping and intra and inter-subframe hopping. In Rel-13 eMTC WI, the PUSCH frequency hopping can only happen between narrow bands because of eMTC UE capability. For coverage enhancements for VoLTE/video, inter-bundle hopping in wide band can be considered. With inter-bundle hopping, besides the frequency diversity exploited, multi-subframe channel estimation can be utilized to improve the accuracy of channel estimation within one bundle. 
5      Performance evaluation
In this section, we give link level simulation results to compare the potential enhancements in section 4 with the enhanced TTI bundling specified in Rel-12 according to the recommended evaluation assumptions provided in [3]. The other simulation parameters are provided in Table 1 in the appendix. The simulation can be categorized into two categories based on whether frequency hopping is enabled or not.
When frequency hopping is not enabled, the performance is evaluated in the following cases:
· Case 0: Baseline w/o frequency hopping

Case 0 is the simulation baseline where TTI bundling with 12 ms HARQ RTT is adopted and frequency hopping is not enabled.
· Case 1: Relaxed delay budget
In case 1, the air interface packet delay budget is relaxed to 100 ms. 24 ms HARQ RTT is adopted and frequency hopping is not enabled.
· Case 2: Packet aggregation
Two packets are aggregated in case 2 and VoLTE packet arriving time interval is changed to 40ms. The air interface packet delay budget relaxed to 100 ms. 12 ms HARQ RTT is adopted and frequency hopping is not enabled.
· Case 3: Increased repetition time

In case 3, the bundle size is increased to 8. Two packets are aggregated in case 2 and VoLTE packet arriving time interval is changed to 40ms. The air interface packet delay budget is relaxed to 100 ms. 24 ms HARQ RTT is adopted and frequency hopping is not enabled.
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Fig. 3 The performance w/o frequency hopping

From the simulation results, as shown in Fig. 3, when the air interface delay budget is relaxed to 100ms, considerable gain, around 2dB, can be achieved compared with the baseline with delay budget of 50ms. Further enhancements, i.e., packet aggregation and increased repetition time, are evaluated based on the relaxed delay budget of 100ms. However, seen from the simulation results, no additional gain can be perceived. Based on the simulation results shown in Fig. 3, we have following observation.
Observation 1: Relaxed air interface delay budget is beneficial for VoLTE/video coverage enhancements.
When frequency hopping is enabled, the performance is evaluated in the following cases:
· Case 4: Baseline w/ frequency hopping

Case 4 is the simulation baseline where TTI bundling with 12 ms HARQ RTT is adopted and the air interface packet delay budget is restricted as 50ms. Inter-subframe frequency hopping is enabled. 
· Case 5: Inter-bundle frequency hopping with multi-subframe channel estimation
In case 5, TTI bundling with 12 ms HARQ RTT is adopted and the air interface packet delay budget is restricted as 50ms. Inter-bundle frequency hopping is enabled and multi-subframe channel estimation is used. 
[image: image4.emf]-12 -11 -10 -9 -8 -7 -6 -5 -4

10

-3

10

-2

10

-1

10

0

SNR

rBLER

 

 

Case 4

Case 5


Fig. 4 The performance w/ frequency hopping

From the simulation results, as shown in Fig. 4, inter-bundle frequency hopping with multi-subframe channel estimation performs better than the baseline with inter-subframe frequency hopping. Based on the simulation results, we have following observation.
Observation 2: Inter-bundle frequency hopping with multi-subframe channel estimation is beneficial for VoLTE/video coverage enhancements.
6      Conclusions
In this contribution, potential enhancements for VoLTE/video quality are discussed and the performance is evaluated. We have following observations and proposal:
Observation 1: Relaxed air interface delay budget is beneficial for VoLTE/video coverage enhancements.
Observation 2: Inter-bundle frequency hopping with multi-subframe channel estimation is beneficial for VoLTE/video coverage enhancements.
Proposal: Capture the above observations into the TR.
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8      Appendix
Table 1. Simulation Parameters

	
	Parameters

	Carrier frequency
	2GHz

	System bandwidth 
	20 MHz 

	EVS codec
	7.2kbps

	Antenna configuration eNB 
	2 Rx 

	Antenna configuration UE 
	1 Tx 

	Receiver
	MRC

	Radio channel
	EPA5Hz

	Channel estimation
	MMSE

	PRB allocation
	1PRB

	Latency budget 
	Around 50 ms/100ms

	Frequency hopping
	Inter-subframe hopping / Inter-bundle hopping
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