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Comparison of Reduced PS User Plane Protocol overhead in the Up-interface between the Enhanced Up, Combined GANC/SGSN and GAN-Iu proposals

1
Introduction

This paper examines the reduced protocol overhead for the PS domain resulting from the Enhanced Up and GAN-Iu solutions for GAN evolution. The need for this analysis was identified already in GANE-07003, discussed briefly in the EGAN Ad-Hoc meeting and then also mutually agreed to be performed. This paper analyzes only the reduced protocol overhead in the Up-interface transmission.
Two different LLC-PDU sizes are selected and used in the calculations to find out how much the Enhanced Up and GAN-Iu proposals really optimize the transmission in the Up or modified Up interface. The Combined GANC/SGSN has the same protocol overhead as in GAN Rel-6 and Rel-7.
We have been forced to use some estimates as all the details of the different proposals are not known at this stage of the work. Ericsson still believes that these estimates are accurate enough to show the extent of benefits that can be achieved.
2
PS user plane protocols in GAN Rel-6 and Rel-7
Figure 1 shows the PS domain user plane protocol architecture from 3GPP TS 43.318 (v6.9.0). The protocols analyzed in this paper are SNDCP and below.
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Figure 1: Up PS Domain User Plane Protocol Architecture (Figure 6 from 3GPP TS 43.318 v6.9.0)

The protocols shown in figure 1 that have been proposed to be modified by the different proposals are the SNDCP, LLC, GA-PSR and UDP layers. These protocols have the following protocol overheads:
a SNDCP and LLC layers



10 octets

b GA-PSR-UNITDATA (user plane of GA-PSR)
13 octets 
Note! 9-12 octets used in the downlink and 12-15 octets used in the uplink and 13 selected as the average value. This value is calculated from the following (see section 10.2.6 in 3GPP TS 44.318): GA-PSR UNITDATA message identity – 1 octet, TLLI – 4 octets, Sequence Number – 2 octets, Requested QoS (Uplink only) – 3 octets, Packet Flow Identifier (optional, but still counted here) – 3 octets,  LLC-PDU and the TL-coding of this IE – 2 octets.
c UDP





 8 octets 
31 (sum of a, b and c)

This means that these 4 protocols have a total protocol overhead of 31 octets.

The other protocols used in the Up-interface are the following ones with the following protocol overhead (some of the values depend on the different IPsec crypto algorithms used but the following values were selected):

1 Transport IP header



20 octets

2 UDP header (rides on Transport IP)

  8 octets (used when Network Address Translation detected)

3 ESP header



  
 8 octets
4 Remote IP header



20 octets
5 IPsec Initialization Vector


16 octets
6 ESP Padding 


  
  3 octets
7 ESP Pad length Next Header
  
  2 octets
8 ESP auth




12 octets 
89 (sum of 1 to 8 above)
This means that the protocol overhead for the Remote and Transport IP-layers is 89 octets. 
If then also the Access Layer overhead is taken into account and for example Ethernet is used, then additional 26 octets are used.
As a summary for this section, the total protocol overhead in the GAN Rel-6 and Rel-7 Up-interface is 120 octets when the Access Layer is not taken into account (i.e. 31 + 89 octets). If the Access Layer is also taken into account and Ethernet is used as an example, then the total protocol overhead is 146 octets.
3
LLC-PDU sizes used in the calculations

The following calculations use two different LLC-PDU sizes. First value used reflects the average size of the application layer payload carried within LLC-PDUs used in current networks and is 350 octets.  For this case the total message sent in the Up-interface is 470 octets (i.e. 350 + 120) when the Access Layer is not taken into account and 496 octets (i.e. 350 + 146) when Ethernet is used as the Access Layer between the AP and the GANC.
The second value is for the future looking case where the application layer payload carried within LLC-PDUs consists of two AMR voice samples transported in one RTP/UDP packet in the application IP-layer (i.e. the IP layer above SNDCP layer) e.g. for VoIP/IMS calls over GAN PS domain. This second value is 104 octets and is calculated based on the following:

a Application IP (top layer of Figure 1)

20 octets
b UDP (rides on Application IP)

  8 octets
c RTP (rides on UDP)



12 octets 
d 2 AMR frames (rides on RTP)

64 octets (2 * 32)
104 (sum of a, b c and d)
These protocols therefore give an “application level” PDU size of 104 octets presented to SNDCP. For this case the total message sent in the Up-interface for legacy GAN is 224 octets (i.e. 104 + 120) when the Access Layer is not taken into account and 250 octets (i.e. 104 + 146) when Ethernet is used as the Access Layer between the AP and the GANC.
4
Enhanced Up

Figure 2 shows the PS domain user plane protocol architecture for the Enhanced Up solution from section 5.1.1.2.2 of 3GPP TS 43.902 (V1.1.0). 
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Figure 2: Enhanced Up PS Domain User Plane Protocol Architecture (Figure 3 from section 5.1.1.2.2 from 3GPP TS 43.902 v1.1.0)
If GRE is used as the IP tunneling protocol then RFC 2784 seems to show that the minimum protocol overhead for GRE is 4 octets. This means that the 31 octets used by the legacy protocols (SNDCP, LLC, GA-PSR and UDP) are decreased by 27 octets.
When the gain is calculated towards the sample LLC-PDU sizes from section 3, the real gain is as following:

1 LLC-PDU size of 350 octets and Access layers not taken into account
In this case the total message transmitted in the GAN Rel-6/7 Up-interface is 470 octets (350 + 120) and as this value is decreased by 27 octets, then the real gain is: 27 / 470 = ~5.7%
2 LLC-PDU size of 350 octets and Access layers taken into account
In this case the total message transmitted in the GAN Rel-6/7 Up-interface is 496 octets (350 + 146) and as this value is decreased by 27 octets, then the real gain is: 27 / 496 = ~5.4%
3 LLC-PDU size of 104 octets and Access layers not taken into account
In this case the total message transmitted in the GAN Rel-6/7 Up-interface is 224 octets (104 + 120) and as this value is decreased by 27 octets, then the real gain is: 27 / 224 = ~12.1%
4 LLC-PDU size of 104 octets and Access layers not taken into account
In this case the total message transmitted in the GAN Rel-6/7 Up-interface is 250 octets (104 + 146) and as this value is decreased by 27 octets, then the real gain is: 27 / 250 = ~10.8%
6
GAN-Iu

Figure 3 shows the PS domain user plane protocol architecture for the GAN-Iu solution from section 5.1.1.2.2 of 3GPP TS 43.902 (V1.1.0).
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Figure 3: GAN-Iu PS Domain User Plane Protocol Architecture (Figure X5 from section 5.2.3.2.2 from 3GPP TS 43.902 v1.1.0)
It is difficult to estimate the size of the new GA-RRC protocol as the details are not known yet. We have assumed that the size of the GA-RRC protocol header is 3 octets consisting of Message Type and Sequence Number as in the existing GAN Rel-6/7 Up-interface. In addition, we have assumed one included IE with the length of 3 octets using the TLV-coding. This means that the GA-RRC protocol overhead is 6 octets and that the UDP header is as normally 8 octets for a combined total of 14 octets. This means in total that the 31 octets used by the legacy protocols (SNDCP, LLC, GA-PSR and UDP) are decreased by 17 octets.

When the gain is calculated towards the sample LLC-PDU sizes from section 3, the real gain is as following:

1 LLC-PDU size of 350 octets and Access layers not taken into account
In this case the total message transmitted in the GAN Rel-6/7 Up-interface is 470 octets and as this value is decreased by 17 octets, then the real gain is: 17 / 470 = ~3. 6%

2 LLC-PDU size of 350 octets and Access layers taken into account
In this case the total message transmitted in the GAN Rel-6/7 Up-interface is 496 octets and as this value is decreased by 17 octets, then the real gain is: 17 / 496 = ~3.4%

3 LLC-PDU size of 104 octets and Access layers not taken into account
In this case the total message transmitted in the GAN Rel-6/7 Up-interface is 224 octets and as this value is decreased by 17 octets, then the real gain is: 17 / 224 = ~7.6%

4 LLC-PDU size of 104 octets and Access layers not taken into account
In this case the total message transmitted in the GAN Rel-6/7 Up-interface is 250 octets and as this value is decreased by 17 octets, then the real gain is: 17 / 250 = ~6.8%
7
Conclusion

The calculations shown in this paper indicate that the protocol overhead required for the PS user plane is reduced by only 3.4 – 12.1% depending on the application layer payload sizes carried within LLC PDUs when each of the different proposals is considered.
As one of the main design principles in the initial GAN work was that the Up-interface provides “all the bandwidth and performance that will ever be needed”, it is hard to see why this main design principle is no longer considered as valid in light of the relatively small reductions in protocol overhead provided by the Enhanced Up and GAN-Iu solutions.
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