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Discussion
1 Introduction

The purpose of this contribution is to discuss the PDCP SN taking into account the presence of standalone ROHC feedbacks.
2 Discussion
RAN2 has not decided yet if the PDCP SN refers to SDUs or PDUs. As discussed in [1] there is no a 1-to-1 correspondence between PDCP SDUs and PDCP PDUs, since “the ROCH compressor can generate standalone feedback packet” [1]. 
ROHC Feedbacks: PDCP Control PDU or Data PDU?

The handling of the RoHC feedback packets is an open issue, in particular whether to use PDCP Control PDU or PDCP Data PDU. 

The definition of Control PDU is still FFS for PDCP and to avoid their introduction in LTE can be beneficial to simplify the PDCP PDU structure definition (the need of Control PDU for other purposes has not been shown yet). The introduction of a Control PDU will introduce an overhead of one additional bit in every PDCP header.  
The alternative is to carry feedbacks as Data PDUs and process them as normal data, i.e. ciphering function should be applied and a PDU SN should also be associated to them.
Delivery of ROCH in normal case (no handover)feedback 
“The channel between compressor and decompressor is required to maintain packet ordering, i.e., the decompressor must receive packets in the same order as the compressor sent them” [5].

Further in [6]:

“To support ROHC O-mode or R-mode operation, lower layers must provide transport of feedback packets from decompressor to compressor.  If piggybacking of feedback packets is not used, lower layers must be able to handle feedback as small stand-alone packets.  For optimal compression efficiency, feedback packets from the decompressor should be delivered as soon as possible to the compressor.”

In case RoHC feedback is carried over PDCP control PDUs, (i.e. PCDP SDU SN is used), the feedbacks will not be ciphered (no SN will be associated to them).  There is no re-ordering function in the PDCP for the control frames relative to the data frames. Re-ordering at RLC can still be done if required.  But since the PDCP has to perform the re-ordering function during the HO, it can be useful not to duplicate the function definition in both layers PDCP and RLC and use only the PDCP re-ordering of PDCP PDU
. 
In case where RoHC control frames are carried as PDCP data packets (i.e., PDCP PDU SN is used), the PDCP layer will re-order the  RoHC data and feedbacks.  It should be noted that re-ordering can also be performed at RLC in normal case (not involving HO) and there is flexibility in implementation on whether the RLC or PDCP does the re-ordering although as stated earlier, re-ordering at RLC involves duplication of the function in PDCP and RLC.  
Data Forwarding at the HO

The presence of ROHC feedbacks and the association of the SN to PDUs or SDUs have an impact on the handling of selective forwarding at HO. According to the last RAN2 agreement [4]: “upon handover, the source eNB forwards all DL PDCP SDUs with their SN that have not been acknowledged by the UE to the target eNB… and UL PDCP SDUs received out-of-sequence (with their SN) to the target eNB…” 
If SDU SN is used (i.e., the feedback is carried as PDCP Control PDUs), the RoHC feedback packets do not contribute to the SNs.  This implies that during HO, there won’t be any gaps SNs of the forwarded SDU due the feedback packets.  Further, at PDCP layer no gaps corresponding to feedbacks will be detected in the receiver either. 
If PDU SN is used (i.e., the feedback is carried as data PDUs), at PDCP layer some gaps corresponding to the feedbacks’ SN can occur. Since the receiving PDCP entity has no means to confirm that these gaps correspond to the feedback packets at the source eNB, and the receiving PDCP entity will wait for packets with these SNs and it will delay the delivery of PDCP SDUs to upper layer, unless other solutions are considered.
Feedbacks generated during the HO from the ROHC decompressor

It can happen that the decompressor will generate feedback during the transmission of forwarded SDUs in the target eNB or during the re-transmission of not acknowledged data in the UE. In this case, as also listed in the PDCP open points by the Stage 3 rapporteur, “it will be necessary to change the already allocated PDCP SNs” [7] to accommodate the feedbacks.  However, this can lead to fair amount of complexity. The SNs of several packets may need to be changed until the next gap in SN.  The change of PDCP SN though can imply problems in the duplication detection function and make the receiving PDCP more complex. 
If the feedback packets are carried as control PDUs, this issue does not arise and as a consequence the SDU SN may represent an easy solution to follow. 
However, some solutions are also possible when feedback packets are carried as Data  PDUs.  A couple of them are listed below and other solutions may also be possible.
· Use one of the gaps in the forwarded SNs to send the feedback packets.  However, this can delay the feedback packets leading to inefficiency.  Further, the receiving PDCP entity must look into the packet to identify this as a feedback packet and not a duplicate of the data packet it has already received.

· Cycle stealing can be used – that is, a data packet can be dropped and its SN can be used to carry the feedback. Again, the receiving PDCP entity must look into the packet to identify this as a feedback packet and not a duplicate of the data packet it has already received
PDCP SN and RLC SN handling
In case of SDU SN, the feedbacks will not have an associated SN. Special handling of PDCP SN and RLC SN based on SN re-use or SN removal, as described in [2,3], in order to optimize the air interface resources, are still possible under the simple assumption that the RLC transmitter can detect the presence of a feedback and insert it in a dedicate RLC PDU, without applying any concatenation.
In case of PDU SN, all solutions for PDCP and RLC SNs handling can be applied without any restriction, since the feedback will be forwarded to the RLC as a common Data PDU with its own PDCP SN.
3 Conclusion
The PDCP SN has been discussed referring to the presence of RoHC feedback packets and considering different aspects of using PDU or SDU SNs. While it is shown that both solutions are possible, both have pros and cons.  In general, it is best to avoid introduction of control PDUs where possible.  If the RoHC feedback packets are the only motivation for a control PDU, then solutions carrying feedback over data PDUs should be considered.
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� In this case the RLC layer will only re-order RLC PDUs (no re-ordering at MAC layer), but not RLC SDUs and as a consequence as soon as an RLC SDU is reassembled, it will be forwarded to the PDCP.








