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1. Introduction
We evaluate the implications of moving RoHC functionality of the PDCP into the eNB. First we present an analysis of the over the air overheads incurred during inter eNB handoff assuming that RoHC is performed in the eNB and no RoHC context transfer is performed. Then the requirements for packet forwarding during the handoff are listed. With very short intervals between eNB handoffs, the overhead incurred to re-initialize RoHC context is less than 2%. The forwarding of data from the source eNB to the target changes from RLC SDUs when RoHC is in the UPE to PDCP SDUs with RoHC in the eNB. 
2. PDCP Overhead estimate
According to [1] RoHC uses a combination of IR (Initiation and Refresh state) and T2 packet types in order to setup a packet flow with compressed headers. The number of IR and T2 packets used to setup the de-compressor depends on the OAA (Optimistic Approach) setting - the number of IR packets to be repeated for robustness - as well as how fast the compressor receives an ACK from the de-compressor. The reception of an ACK triggers the compressor to start sending fully compressed T0 packets, even if the above OAA constraint is not satisfied. Thus, the compressor will send at most OAA packets and less if ACK is received earlier.
As an example we found that a live 3G system transmits 4-6 IR frames to setup RoHC for a VoIP flow. With the next generation air interface and RoHC operating at the eNB it is reasonable to assume RoHC RTT will be 50ms or less. Hence with 20ms VoIP framing and a 50ms RoHC RTT only 3 IR frames are sent before the Ack for the first IR frame is received.
Thereafter the flow context is setup and a stream of fully compressed header packets of type T0 is transmitted. In the implementation above the size of the first IR frame header is 39bytes and the subsequent ones 41 bytes; that of a T0 frame is 3 bytes (assuming UDP checksum is enabled). The non-first IR packets are larger by 2 bytes because the TS_STRIDE field is used to carry the difference in RTP timestamp. With 50ms RoHC RTT the extra overhead incurred by the re-initialization compared to a case where only T0 was used is therefore (39-3) + 2*(41-3) = 112 bytes
It must be noted that the re-initialization overhead is incurred for each flow where RoHC performs compression. For instance if the channel transports VoIP and Video at the same time, RoHC needs to re-initialize two contexts. Hence the overhead would be approximately 2*118 bytes. That overhead is incurred once for each inter-eNB handoff.
In order to gauge the importance of that overhead we compute the ratio of RoHC signalling to the user data as a function of the eNB sojourn time in the case of a VoIP call using AMR at 12.2Kbps. The result is presented in the curve labelled Baseline RoHC in Figure 3‑1. In the worst case, the overhead is 1.5% with 5 seconds sojourn time. With a sojourn time of two minutes the overhead drops to 0.06%.
2.1. Optimizations with packet per packet scheduling

The principle of packet per packet scheduling as introduced in [3] is to allow one or several packet flows to be mapped onto more than one bearer. Deciding which packet (arriving on any of the packet flows) goes to which bearer is done dynamically depending for instance on the IP header, the IP/UDP/RTP header or possibly even deeper packet inspection. Packet per packet scheduling allows providing various levels of QoS to the packets one flows.
The signalling overhead required to setup RoHC may be reduced if per-packet scheduling is available. Assume the per-packet scheduler is able to provide a high transmission reliability to RoHC PDUs that contain context setup information (PER order of 1.10-6) while the other RoHC PDUs experience a PER of 1.10-3. In such cases there is no need to repeat the IR packets to ensure the full context is received reliably and the OAA can be set to 1. The following sequence of RoHC packets will successfully setup the context at the de-compressor with high probability: IR, T2, T2+Header extension type 3. The IR, T2 and T2+Header extension type 3 have sizes 39 bytes, 5 bytes and 10 bytes respectively.  The extra overhead incurred by the re-initialization compared to a case where only T0 was used is therefore 39-3 + 5-3 + 10-3 = 45 bytes.
The reduced overhead is illustrated by the curves labelled RoHC with Packet per Packet Scheduling (PPS) in Figure 3‑1. With 5 second sojourn time the overhead drops to less than 0.6%. With a sojourn time of two minutes the overhead drops to 0.02%.
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Figure 2‑1 : RoHC re-initialization overhead when Packet per Packet Scheduling (PPS) is used (RoHC and PPS) and without (Baseline RoHC)

3. PDCP and RLC interaction 

With the current working assumptions [2] RoHC context is persistent therefore during the handoff the source eNB transfers RLC SDUs to the target eNB as pictured in Figure 3‑1 .
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Figure 3‑1: RLC SDU transfer at handoff with current working assumptions

However if RoHC is moved to the eNB and RoHC is re-initialized at the target eNB there is a need to transfer RoHC SDUs rather that RLC SDUs to the target eNB as illustrated in Figure 3‑2. Indeed the RLC SDUs will be different at the source and target eNB. The infrastructure has the possibility to store PDCP SDUs (i.e. IP packets) to forward to the target eNB. However infra vendors may as well decide to discard the packets; which in the case of a VoIP flow should not represent more than one packet.
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Figure 3‑2 PDCP SDU transfer at handoff with RoHC in eNB
4. Conclusion
In this contribution we evaluated the impact moving the RoHC function into the eNB has on data forwarding. We find that with very short intervals between eNB handoffs, the overhead incurred to re-initialize RoHC context is less than 2% however if packet-per-packet scheduling is available that overhead drops to 0.6%. 
In addition, at handoff the forwarding of data from the source eNB to the target must change from RLC SDUs when RoHC is in the UPE to PDCP SDUs with RoHC in the eNB. 
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