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1. ROHC
The ROHC (Robust Header Compression) is designed for real time IP services, e.g. IP based multimedia and Voice over IP. Since the voice payload (15-32 bytes) is very small compared to the header size (40 bytes for IPv4 and 60 bytes for IPv6), the gain from compressing the headers by ROHC (1-3 bytes) is quite apparent. 

In ROHC, there are three modes of operation, U (Uni-directional), O (Bi-directional Optimistic), and R (Bi-directional Reliable) modes. The U-mode is used when there is no feedback from the decompressor to the compressor while for the O-mode there is irregular feedback and periodic feedback for the R-mode. Since there is no feedback, U-mode is the poorest in point of robustness and efficiency. On the contrary, R-mode is almost completely robust at the cost of periodic feedback messages. Compression always starts in the U-mode, and, if possible, transits to any of the bi-directional mode depending on feedback from the decompressor.

2. RLC characteristics

RLC, as a data link layer, supports three modes of operation, TM, UM, and AM. Which mode to use depends on the QoS of the radio bearer. The general understanding of the respective usage is;

· TM/UM : Delay sensitive, Error insensitive ( Real time service (Conversational, Streaming)

· AM : Delay insensitive, Error sensitive ( Non-real time service (Interactive, Background)

For TM/UM, the main target is real time service which requires minimum delay in link layer allowing some loss of data. To meet this requirement, the RLC must support immediate delivery without using ‘Retransmission’. If RLC ‘Retransmission’ is used for real time services, the delay in RLC will be large due to the long round-trip delay (>100ms) in radio interface, and the QoS will be severely degraded. Moreover, to support immediate delivery, the RLC should provide in-sequence delivery, and the receiver should regard the received RLC SDUs as new ones and deliver them to upper layer as soon as they arrived at the receiver.

AM is designed for non-real time service, and has different characteristics than TM/UM. Since the non-real time service can endure certain amount of delay but requires minimized error ratio, ‘Retransmission’ is essential in AM. To support ‘Retransmission’, RLC needs additional functions and parameters; status report, Tx and Rx windows, state variables, protocol parameters, timers, etc... All these features are needed in AM in order to provide required QoS for non-real time service. The cost of ‘Retransmission’ is increased delay in RLC. Note that only one time retransmission takes no less than 150 ms (50ms for first transmission, 50ms for status report, and 50ms for second transmission). It means AM is not suitable for real time service.
3. RLC operation with ROHC
In PS domain, one RAB is mapped to one RB, and it is mapped to one PDCP entity and one RLC entity. ROHC resides in PDCP, and can be operated with any one of the three RLC modes. Since the ROHC is relevant to the real time IP packet, the required QoS can be met with TM or UM RLC. But in these RLC modes, no feedback channel is available, and ROHC can be operated only in U-mode which has the poorest robustness and efficiency. Better performance can be achieved with O- or R-mode, which requires the feedback messages from the decompressor. Therefore, to utilize the feedback path, ROHC should be operated on top of the AM RLC. But, as mentioned in the previous section, AM is not suitable for the real time service because of the large delay in RLC (due to retransmission). 

To conclude, the existing three RLC modes are not suitable for the ROHC, and a new RLC operation is required.

4. Discussions
For the best ROHC performance, RLC must support immediate delivery without retransmission and have a feedback path. There are several possible ways to achieve this requirement.

1. B(Bi-directional)-TM or B(Bi-directional)-UM : Fig.1

New RLC entities called B-TM and/or B-UM may be used for ROHC. They have similar characteristics of the current TM or UM RLC, except that they have both transmitting and receiving sides like the current AM RLC entity. 

2. R(Real time)-AM : Fig.2

The current AM RLC entity may be modified for ROHC. The modified AM, called R-AM, has much different characteristics than current AM. Retransmission is not allowed here, and, therefore, the related function and parameters are not needed. The behaviour of the transmitting and receiving side of the R-AM entity is same as the current transmitting and receiving UM entity, respectively. 

3. One RAB is mapped to one RB, one PDCP entity, and two RLC entities : Fig.3

The mapping rule of RB may be modified that it is mapped to two RLC entities. Each RLC entity is same as the current TM or UM RLC. 

4. One RAB is mapped to two RBs. One RB is mapped to one PDCP entity and one RLC entity. Two RBs and two RLC entities are mapped to the same PDCP entity. : Fig.4

Also, the mapping rule of RAB to RB may be modified that it is mapped to two RBs. Each RB is mapped to one PDCP and one RLC entity as usual, but the two RBs share the same PDCP entity.

5. Conclusions


In this document, we have shown that the existing three RLC modes are not suitable for real time IP packets compressed with ROHC. The demand for the real time services grows rapidly, and ROHC is essential to this real time IP service. For the best ROHC performance, we propose that a new RLC operation should be considered. 
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Fig.1. B-TM or B-UM RLC entity
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Fig.2. R-AM entity
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Fig.3. One RB is mapped to two RLC entities
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Fig.4. One RAB is mapped to two RBs




























