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1. Introduction

In RAN2#60bis, It was proposed in [1] to reduce the smallest E-TFCI payload from 120 bits to a smaller value in the vicinity of 40 bits. The main benefit of such a change would be to take advantage of the introduction of UL MAC segmentation to improve the coverage.
In this contribution we provide a general analysis of L2 implications of MAC segmentation and then we evaluate the link level performance in the particular case of CS voice over HS.
2. MAC Segmentation impact

The main interest seen in the possibility to reduce the smallest E-TFCI payload would be to take advantage of MAC segmentation and increase coverage. Increasing the coverage is a very desirable feature in a wireless system and should thus be pursued; however we need to be careful that a possibility to send a low MAC payload needs to translate into an actual benefit at the higher layers, in particular when considering the overhead involved.

In the following subsections we look at the different L2 aspects which are impacted by the MAC segmentation

2.1.1. Payload to transport

In this particular case, we investigate the benefit of MAC segmentation for 2 different services for which we believe that a coverage increase would be particularly beneficial; voice (either in the form of VoIP or CS Voice) and signalling (SRBs).

For the voice service we will assume a simple case with a single codec either transmitting a 12.2kbps full rate frame or a SID which results in the following payload:

· VoIP

· 12.2kbps AMR frame: 32 bytes of RTP payload + 3 bytes of highly compressed RTP-UDP-IP header + 1 byte of RLC header = 36 bytes of payload

· SID frame: 7 bytes of RTP payload + 3 bytes of highly compressed RTP-UDP-IP header + 1 byte of RLC header = 11 bytes of payload

· CS voice over HS

· 12.2kbps AMR frame: 31 bytes of CS payload + 1 bytes of PDCP header + 1 byte of RLC header = 33 bytes of payload

· SID frame: 6 bytes of CS payload + 1 bytes of PDCP header + 1 byte of RLC header = 8 bytes of payload

· Signaling

· SRB#1: 17 bytes of RRC payload + 1 byte of RLC header = 18 bytes of payload

· SRB#2: 16 bytes of RRC payload + 2 byte of RLC header = 18 bytes of payload

· SRB#3: 16 bytes of RRC payload + 2 byte of RLC header = 18 bytes of payload

· SRB#4: 16 bytes of RRC payload + 2 byte of RLC header = 18 bytes of payload

2.1.2. Effect of Segmentation

In this section we analyze the amount of payload that is available after insertion of a MAC-i/is header in the smallest E-TFCI.

We vary the value of the smallest E-TFCI from 40 bits to 120 bits with 1 byte increment and show the available payload:
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Figure 1: Payload
Considering this payload, we derive the amount of MAC segments required to transmit an entire RLC PDU of the different services described above (a.k.a. VoIP-full, VoIP-SID, CS-full, CS-SID, SRB).

In addition to the segmentation, we also show that depending on the E-DCH TTI values (2 or 10ms) some of the combinations are not possible given the number of available HARQ processes on the UL and the resulting delay for the packets. Those limits are shown in the form of horizontal red lines for 2 and 10ms

[image: image2.emf]Required number of segments to transmit a full packet
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Figure 2: Resulting number of segments
Finally in figure 3, in order to map the link level gains to the impact of MAC segmentation, we show the residual error rate at which HARQ needs to operate in order to deliver a 1% residual error rate without MAC segmentation.

[image: image3.emf]Required residual HARQ error rate to reach 1% error rate without MAC segmentation
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Figure 3: Error Rate to reach 1% error rate without MAC segmentation
3. Link Analysis
3.1. UL MAC Segmentation of CS Voice on HS
For the CS voice over HS application, the following payload sizes are sent over the E-DCH channel: 
· 264 bits for AMR 12.2kbps Full Rate

· 64 bits for SID. 
These payloads can be fitted into the original VOIP 307 and 120 transport blocks with padding. However, for cell-edge users, this configuration may not yield the best link budget due to limitation of the packet sizes. 

To fit the CS voice over HS payloads in transport blocks smaller than themselves, the payloads need to be further segmented to several transport blocks. Considering the voice frame period is 20 ms (ten 2ms TTIs) during active state, the number of segmentations Nseg must satisfy the following inequality

Nseg<10/Navg,

where Navg is the number of average transmissions of each segment. 
In silence state, the SID packets are transmitted every 160 ms. Thus the number of segmentations can be relaxed further. At the receiver, the segments are recovered from the transport blocks and de-segmented to MAC layer data. To achieve the same reliability for MAC layer, the target BLER for segments should be significantly lower than the original target BLER without segmentation. The new target BLER can be approximated by

Pe,target’=Pe,target/Nseg,

where Pe,target is 1% in general.

In addition to the raw MAC data, a 24-bit MAC layer header is appended to every segment. The following candidate configurations are derived by varying TBS, the number of segmentations, and the target number of transmissions. The VOIP and SID TBSs are given in Table 1.

Table 1: Proposed VOIP and SID TBSs for Cell-edge Users

	Payload

Type
	TBS
	Number of

Segments
	Target Number of

Transmissions

	VOIP
	120
	3
	4

	
	90
	4
	4

	
	77
	5
	3

	SID
	88
	1
	4

	
	56
	2
	4

	
	40
	4
	4


3.2. Traffic to Pilot Power Ratio Optimization

Link level simulations on four channels (PA3, PB3, VA30, and VA120) are performed for the TBS listed in  Table 1 to obtain the link efficiency vs T/P curves. The simulation assumptions are listed in the following.

 Table 2: Link Efficiency Simulation Assumptions

	Parameter
	Value

	TTI
	2ms 

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	See Table 1

	Target BLER
	1%/Nseg

	E-TFC Block Size [bits]
	See Table 1

	Number of Rx Antennas
	2

	Ecp/Nt [dB]
	-30~-16 dB

	E-DPDCH/DPCCH
	0~20 dB

	E-DPCCH/DPCCH
	0dB

	HS-DPCCH/DPCCH
	-3dB

	Channel Estimation
	Realistic

	Channel Model
	PA3, PB3, VA30, VA120

	Receiver Type
	Rake Receiver

	PC
	ILPC and OLPC are on

	TTL
	On

	FTL
	On


A total of 9 combinations of VOIP and SID TBSs can be obtained from Table 1. For each of these combinations, an optimization on traffic-to-pilot power ratio (T/P) is carried out based on the link level simulation results. 
The following constraints are used in the optimization:  
· TPC BER < 10%; pilot SIR changes are less than 0.5dB across TBSs; 
· T/P values are quantized base on Table 1B.1 of [2].  
· The optimum T/P settings for the 9 combinations, together with the original VOIP configuration, are given in Table 3. 
· For each TBS, the maximum Navg across channels is listed in the table, which is verified to satisfy the inequality for Nseg.

Table 3: Optimum T/P Settings for the Proposed TBSs

	Payload Type
	VOIP
	SID

	Index
	TBS
	T/P (dB)
	Navg
	TBS
	T/P (dB)
	Navg

	1
	120
	4.0824
	2.751       
	88
	2.9226
	2.6836         

	2
	120
	5.1055
	2.6855       
	56
	2.9226
	2.4484       

	3
	120
	4.0824
	2.751       
	40
	1.0872
	2.3364       

	4
	90
	4.0824
	2.4133       
	88
	2.9226
	2.6836         

	5
	90
	4.0824
	2.4133       
	56
	2.0532
	2.4853       

	6
	90
	4.0824
	2.4133       
	40
	2.0532
	2.3185        

	7
	77
	5.1055
	1.8143       
	88
	2.9226
	2.6836         

	8
	77
	6.0206
	1.784       
	56
	2.9226
	2.4484       

	9
	77
	6.0206
	1.784       
	40
	2.0532
	2.3185        

	Original VOIP
	307
	8.0738
	2.8067
	120
	5.1055
	2.6855


3.3. Link Budget Analysis

For 2ms TTI, using TBS and T/P setting in Table 3, we perform link level simulation for cell-edge users. The simulation settings are given in Table 4. 

Table 4: Simulation Assumptions for Cell-edge Users

	Parameter
	Value

	TTI
	2ms 

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	See Table 1

	Target BLER
	1%/Nseg

	E-TFC Block Size [bits]
	See Table 1

	Number of Rx Antennas
	2

	Ecp/Nt [dB]
	-30~-16 dB

	E-DPDCH/DPCCH
	See Table 3

	E-DPCCH/DPCCH
	0dB

	HS-DPCCH/DPCCH
	-3dB

	Channel Estimation
	Realistic

	Channel Model
	PA3

	Receiver Type
	Rake Receiver

	PC
	OFF

	Macro Diversity
	On

	TTL
	On

	FTL
	On


The target residual BLER is 1%/Nseg for cell-edge users. The link budget is calculated based on the link level simulation results. The link budget results are shown in Annex 1. The main results of maximal allowed path loss (MAPL) is summarized in Table 5.
Table 5: MAPL for Cell-edge Users

	Index
	TBS
	Number of

Segments
	Target Number of

Transmissions
	T/P (dB)
	MAPL (dB)
	Min MAPL (dB)

	Combination 1
	120
	3
	4
	4.0824
	139.23
	139.23

	
	88
	1
	4
	2.9226
	141.38
	

	Combination 2
	120
	3
	4
	5.1055
	138.87
	138.87

	
	56
	2
	4
	2.9226
	140.99
	

	Combination 3
	120
	3
	4
	4.0824
	139.23
	139.23

	
	40
	4
	4
	1.0872
	140.46
	

	Combination 4
	90
	4
	4
	4.0824
	139.70
	139.70

	
	88
	1
	4
	2.9226
	141.38
	

	Combination 5
	90
	4
	4
	4.0824
	139.70
	139.70

	
	56
	2
	4
	2.0532
	140.23
	

	Combination 6
	90
	4
	4
	4.0824
	139.70
	139.70

	
	40
	4
	4
	2.0532
	140.37
	

	Combination 7
	77
	5
	3
	5.1055
	135.99
	135.99

	
	88
	1
	4
	2.9226
	141.38
	

	Combination 8
	77
	5
	3
	6.0206
	136.78
	136.78

	
	56
	2
	4
	2.9226
	140.99
	

	Combination 9
	77
	5
	3
	6.0206
	136.78
	136.78

	
	40
	4
	4
	2.0532
	140.37
	

	VOIP
	307
	1
	4
	8.0738
	138.46
	138.46

	
	120
	1
	4
	5.1055
	140.74
	


4. Conclusion

A detailed link budget analysis and a MAC segmentation analysis was performed to study the benefit of using smaller transport block sizes for E-DCH. The CS Voice over HSPA application was studied as an example for the link budget analysis. Link performance of 10 different combinations of reduced transport block sizes was studied. Each of these reduced transport block sizes had different residual BLER, and different number of transmissions to match the residual BLER of 1% for the original transport blocks sizes prior to MAC segmentation. 

Both the Link Budget analysis and MAC segmentation study indicate that there is no benefit of reducing the transport block sizes beyond 120 bits. In particular it is sufficient to segment the AMR Full Rate frame (VoIP or CS Voice over HS) into 3 segments of 120 bits each. It is no point trying to optimize segmentation of the SID frames, since the cell edge boundary must support transmission of full rate frames. 

Hence, based on this study, we conclude that there is no further need to reduce the transport block size below 120 bits.
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