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Discussion 
1.
Introduction

Medium data rate has been proposed as a topic for possible coverage enhancement in [1] based on evaluation results done according to the agreed evaluation methodology and assumptions presented in [2]. In this paper we discuss a potential way to improve coverage for medium data rate via subframe bundling. We also present initial performance evaluation for the proposed method.
2. Coverage enhancement for medium data rate  
LTE provides an efficient link adaptation via AMC, HARQ and RLC segmentation. Due to the high efficiency of LTE, it is difficult to find reasonable ways to improve coverage for delay tolerant interactive services like web browsing. Hence, potential options for coverage improvements need to be carefully evaluated and gains balanced against expected pains -  standardization and implementation efforts. 

In Release 8, subframe bundling was introduced to improve coverage for VoIP service. However, there are clear differences between VoIP and web browsing services. VoIP is delay sensitive but error tolerant and, hence, suitable for unacknowledged transmission mode. Due to small packet sizes and strict latency requirements, the benefits of subframe bundling over segmentation are clear for VoIP.  However, web browsing is error sensitive and acknowledged transmission mode is preferred. The benefits from subframe bundling are not so obvious. On other hand, when moving towards cell edge, typical RLC PDU sizes decrease and relative portion of packet overhead increases. In other words, segmentation can create significant overhead with smaller PDU sizes.   
In previous coverage evaluation, 10% iBLER performance target was used for 384kbps service. These assumptions can be sufficient to indicate rough coverage for a medium data rate. However, the assumptions are not well suited for more studies on potential coverage enhancements. For example, initial BLER as a performance target does not capture the impact of HARQ although HARQ is commonly used and essential part of link adaptation. Focusing on UL traffic for web browsing, we see that the target is to enhance coverage for rather small packets while keeping reasonably moderate data rate. 
In order to initially compare segmentation and subframe bundling for medium data rate, we considered two packet sizes: 100 and 200 bytes. We simulated the required SINR to meet a 1% residual packet error rate performance target and calculated MCL according to [2] for both segmentation and subframe bundling. Frequency hopping is used in all cases and up to 4 HARQ transmissions were allowed. Other simulation assumptions are listed in Table 2 (Appendix). 

In the simulations, packet was segmented into 2 or 4 segments. Correspondingly, bundling of 2 or 4 subframes was also simulated. The MCL values and corresponding throughputs are presented in Table 1 for the different segmentation and bundling arrangements. Presented throughput values include only payload without L2 overhead. The throughputs range from 100 to 470 kpbs, hence, matching reasonably well with medium data rate. Results show that bundling can provide rougly 1 dB larger MCL for comparable throughput.     
Based on the results, we see subframe bundling as one potential option to improve coverage for medium data rate. However, the presented simulations were simplified in the sense that segmentation as well as bundling arrangement was held fixed over the simulation. Hence, further evaluations are needed on achievable gains.
Segmentation can adapt to the changing channel conditions. In order to subframe bundling to be a viable option for medium data rate coverage enhancements, configuration of subframe bundling needs also to be adaptive to the changing channel conditions. In other words, after higher layer enabling, number of bundled subframes should be configurable by PDCCH. This can be achieved if PDCCH (on subframe n) can indicate to UE at the beginning of new data transmission  on subframe n+4 to simply repeat the transport block to be transmitted on subframe n+3. In other words, transmission opportunity for a HARQ process k is used to repeat (with different redundancy version) the transport block for HARQ process k-1. Such adaptivity allows for changing the bundling length into multiple of 2 ms for each effective HARQ process. All this would also require only a modest standardization effort.   
Proposal 1.  To study further the potential of dynamic subframe bundling as an coverage enhancement option for medium data rate.  
Table 1. Maximum coupling losses for 1% packet error rate
	Packet size
	Transmission method
	Throughput [kbps]
	MCL [dB]
	Bundling gain [dB]

	100 bytes
	Single subframe, 5 PRB / subframe 
	425
	135.2
	

	
	2 subframes, 

4 PRB / subframe
	Segmentation
	227
	137.2
	1.0

	
	
	Bundling
	234
	138.2
	

	
	4 subframes,

4 PRB / subframe
	Segmentation
	107
	139.3
	1.2

	
	
	Bundling
	113
	141.5
	

	200 bytes
	Single subframe, 10PRB / subframe
	751
	132.6
	

	
	2 subframes, 

8 PRB / subframe
	Segmentation
	471
	134.4
	0.9

	
	
	Bundling
	469
	135.3
	

	
	4 subframes, 

8 PRB / subframe
	Segmentation
	195
	137.4
	0.9

	
	
	Bundling
	232
	138.3
	


3.
Summary 
In this contribution we considered medium data rate coverage enhancement.  Due to the effective link adaptation in LTE, it is difficult to find reasonable ways to improve coverage for medium data rate. Hence, potential enhancements need to be carefully balanced against expected standardization and implementation efforts. As one possible option, we considered use of subframe bundling with medium data rate. Based on the presented results, we propose the bundling to be considered further:
Proposal 1.  To study further the potential of dynamic subframe bundling as an coverage enhancement option for medium data rate.  
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Appendix 

Table 2. Simulation assumption

	Parameter
	Values used for evaluation

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB
	2

	UL receiver type
	MMSE

	Channel estimation
	Practical 

	max. HARQ transmissions
	4

	PRB sizes
	4, 5, 8 and 10

	Radio Channel
	EPA, 3km/h

	rBLER target
	1%

	packet size [byte]
	100 and  200

	Segmentation overhead [byte]
	5


