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1.
Introduction
It is highly probable that ROHC will be used for most of the User Plane traffic in LTE system. In the Scheduling discussion, however, ROHC characteristic is not much considered. This paper analyzes typical ROHC operation, and highlights what should be considered in Scheduling mechanism.
2.
Observation of ROHC operation
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[Fig.1] ROHC compression example: IPv6/UDP/RTP
Figure 1 shows an example of ROHC operation performed for Profile1 (IPv6/UDP/RTP) [1]. The basic ROHC operation is well known [2], and it is needless to explain here again. From the scheduling point of view, however, some observation could be made.

· The size of IR header is larger than or equal to that of normal header. This is due to some extra fields (Large CID, Time Stamp Stride, Time Stride) added by the ROHC compressor. For example, if IPv6/UDP/RTP normal header is 60 bytes, the IR header could be 60~67 bytes depending on the existence of extra fields. In case of IPv4/UDP/RTP, the normal header is 40 bytes, and the IR header ranges 40~47 bytes.
· IR-DYN header is same as IR header except that IR-DYN header does not contain Static chain. Thus, the size of IR-DYN header is much less than IR-header, typically 18~25 bytes for IPv6, and 22~29 bytes for IPv4. 
· When only one CID is used and UDP checksum is not enabled, the compressed header size is 1~3 bytes depending on the packet type (0, 1, or 2). If more than one CID is used, the compressed header needs 1 or 2 additional bytes. Also if UDP checksum is enabled, another 2 bytes needed. Thus, the compressed header size ranges 1~7 bytes.
· Feedback is used in the bi-directional modes, and could be piggybacked to the compressed packets. Without the optional fields, the size of feedback element is 2~5 bytes depending on the feedback type and the number of CID used in the opposite link. If this feedback information is piggybacked, the size of IR, IR-DYN, and compressed header in O- or R- modes will be increased by that amount. That is, the header size of compressed packet in SO state would be (1~7) + (2~5) = (3~12) bytes.
· At the beginning, ROHC compressor always starts in the IR state of the Uni-directional mode, so first few packets are always transmitted with IR header in order to establish ROHC Context in the decompressor.

· In the Uni-directional mode, the state transition of IR <-> FO <-> SO is quite predictable. The confidence parameter, i.e. the number of IR header transmission (L1, L2) controls the upward transition (IR -> FO, FO-> SO), and the timeout timer (T1, T2) controls the downward transition (SO->IR, SO->FO). 

· In the Bi-directional modes (O- or R- mode), the state transition is unpredictable. In these modes, the upward transition is usually governed by explicit ACK from the decompressor (note that a confidence parameter may also control the upward transition in O-mode), and the downward transition is governed by explicit NACK.
· In the Bi-directional modes, NACK transmission by decompressor is controlled by “k out of n” failure rule. That is, the decompressor sends NACK when the k packets are received with an error in the last n transmitted packets. This rule is used in the state machine of the decompressor to assume the damage of context, and move downwards to a state after sending a NACK to the compressor. The decompressor does not assume context damage and stays in the current state until k packets arrive with error in the last n packets. The k1, n1 values are used to assume dynamic context damage (Full Context -> Static Context and NACK transmission) and k2, n2 to assume static context damage (Static Context -> No Context and STATIC-NACK transmission). When the compressor receives NACK or STATIC-NACK, it performs state transition SO -> FO or FO -> IR, respectively.
· In the Bi-directional modes, the compressor usually stays in SO state and has very little transition to IR or FO state. The state transition is controlled by decompressor’s “k out of n” failure rule. Though the figure shows some mode changes, there is no reason to change (i.e. downgrade) the mode in R-mode, except some special cases like eNB change without ROHC context relocation.

· Mode transition (U <-> O <-> R) is always initiated by the decompressor. When the decompressor decides to change the operation mode, it sends mode change information to the compressor. The compressor usually sends the first packet after reception of the mode change information as IR or IR-DYN header with the changed mode information.
· Though the figure shows 2-step mode change (U -> O -> R), 1-step mode change (U -> R) is also allowed. 1-step state transition (IR -> SO) is also allowed in addition to the 2-step state transition (IR-> FO -> SO). It is a ROHC implementation option.

· Though not shown in the figure, RTCP transmission is predictable. The estimation of transmission interval and average size is shown in section A.7 in [3].
3.
ROHC compliant scheduling
As observed in the previous section, it would be beneficial to consider some ROHC characteristics into the scheduling mechanism.

· Since the ROHC compressor always starts in the IR state of the U-mode, it is highly required that a big amount of radio resource that could cover IR header packet should be allocated at the beginning of transmission. It should be noted that IR header may be bigger than uncompressed header.
· ROHC compressor generates packets with 3 typical sizes; IR, IR-DYN, and compressed header. These sizes should be considered for the resource allocation.
· For Bi-directional modes, the additional header for feedback information should be considered in resource allocation. 

If we go further with the previous observation, it could be understood that the header size pattern generated by ROHC compressor could be made predictable. Once the header size is predictable, overall packet size transmitted in the air could also be predictable, and we could avoid unnecessary signalling for resource allocation. In other words, with the prediction of ROHC output, a semi-static scheduling mechanism could be applied to VoIP over ROHC.

To apply the semi-static scheduling for VoIP, some information should be pre-negotiated. The followings are what we have found to be related to the prediction of packet size pattern.
· Pre-negotiation information

· End-to-end information

· RTP Payload size
· RTCP size and TTI

· ROHC information

· Confidence parameter, i.e. the number of transmission of IR or IR-DYN header, for upward transition in U-mode.

· Timeout timer value for downward transition in U-mode.

State transition in Bi-directional mode is not predicted by the above information. It is event-triggered and not known a priori. But since it is initiated by decompressor, the receiver can expect IR or IR-DYN packet when it sends STATIC-NACK or NACK, respectively. If this information is provided by ROHC to radio protocol, transmission of IR or IR-DYN packet in Bi-directional mode can be predicted shortly before the transmission. Mode change information is also event-triggered, and could be used to indicate when to stop/start the U-mode prediction.
· Event-triggered information

· ROHC information

· State transition information or NACK/STATIC-NACK transmission information in Bi-directional mode.
· Mode change information

Moreover, considering the simple nature of VoIP stream, we can put some restriction on ROHC machine to best fit to VoIP packet. For example, the following restrictions could be applied.
· U-mode

· Only IR header is allowed in IR state.

· Only IR-DYN header is allowed in FO state

· Mode change to R-mode is only allowed by UOR-2 packet in SO state.

· O-mode

· O-mode is not used. That is, mode change is performed directly between U- and R- mode.

· R-mode

· Only IR header is allowed in IR state.

· Only IR-DYN header is allowed in FO state.

· Mode change to O-mode is not allowed without RB reconfiguration.

4.
Proposal
In this paper, we have shown that ROHC operation has some peculiar characteristics that should be considered in resource allocation. Moreover, we highlighted that if some ROHC internal parameters as well as some end-to-end parameters are pre-negotiated for VoIP application, we can predict the actual radio resource required for each transmission of ROHC compressed VoIP packet. Thus, we propose the followings to be adopted for TS36.300.

· When the E-UTRAN allocates resources for ROHC based packet application, E-UTRAN should take the ROHC characteristic into account for resource allocation.

· E-UTRAN can allocate predefined resources according to the pre-negotiated ROHC parameters. ROHC operation may be restricted to support for optimized resource allocation.
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