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1. Introduction

It has been agreed in RAN2#95bis and RAN2#96 meetings:
Agreements

Proposal 1: Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled
Proposal 1a: PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case)

Agreements

1
PDCP supports the re-ordering functionality (T-reordering)

2
RLC AM supports T-reordering like functionality for the purposes of determining the content of the RLC status report.

FFS whether RLC UM needs to support T-reordering like functionality for the purposes moving the lower edge of the receive window, or for other purposes. Could be discussed in stage 3

3
RLC reassembles RLC SDU and delivers them to upper layers in the order they are received (no need to mention reordering with respect to this functionality)
FFS whether in-order delivery for a DRB can be disabled via RRC signalling. This only affects PDCP operation. Could be discussed in stage 3

Based on the agreements above, the intention of this contribution is to share some views on the  in sequence delivery of ROHC feedback control PDU.
2. Discussion
In legacy LTE, considering the reordering function is always enabled for the AM/UM RLC, the  in sequence delivery of PDCP PDU, including PDCP control PDU, can always be guaranteed. In LTE dual connectivity, for the split bearer, since two separate RLC will be used in MCG and SCG respectively, the in sequence delivery of data packet rely on the reordering function in PDCP based on the PDCP SN. Since there is no PDCP SN in PDCP control PDU, the in sequence delivery of  ROHC feedback control PDU can not be guaranteed, so we disabled the ROHC function in case the split bearer is configured. 

In NR, the reordering function has been removed from RLC, and the in-sequence delivery of data packet also rely on the reordering function processed in PDCP based on the PDCP SN, which is quite similar as what we have done in LTE dual connectivity. Therefore, the similar issue on the out of order reception of ROHC feedback will exist. Also considering it has already been agreed that the ROHC function will be used in NR, we can not just disable the ROHC function in NR, and some solution need to be stuided to handle the issue.


Operatio assumption for ROHC

The Robust Header Compression (ROHC) protocol [3] aims at reducing bandwidth usage on network links with limited capacity or expensive costs. In ROHC protocol[3], some operation assumptions have been captured to describe the functionality that required by ROHC from lower layers, which can be found as follow.
-------------------------------------------FROM RFC 3095 [3] start ------------------------------------------

4. Header compression framework

4.1. Operating assumptions

Cellular links, which are a primary target for ROHC, have a number of characteristics that are described briefly here. ROHC requires functionality from lower layers that is outlined here and more thoroughly described in the lower layer guidelines document [LLG].

/*omitted*/

Reordering

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. (Reordering before the compression point, however, is dealt with, i.e., there is no assumption that the compressor will only receive packets in sequence.)
-------------------------------------------------FROM RFC 3095 [1] End-----------------------------------------------

Based on the description above, it can be obserde that “The channel between compressor and decompressor is required to maintain packet ordering”, which means the in-sequence delivery between between  ROHC compressor and ROHC decompressor is required.

Observation 1: According to the operating assumptions given in ROHC protocol [3], the in-sequence delivery between ROHC compressor and ROHC decompressor is required

Transmission of ROHC feedback 
The description on the ROHC packet given in RFC 3095 can be found as follow:

-------------------------------------------FROM RFC 3095 [3] start ------------------------------------------

5.2. ROHC packets and packet types

The packet type indication scheme for ROHC has been designed under the following constraints:

a) it must be possible to use only a limited number of packet sizes;

b) it must be possible to send feedback information in separate ROHC packets as well as piggybacked on forward packets;

c) it is desirable to allow elimination of the CID for one packet stream when few packet streams share a channel;

d) it is anticipated that some packets with large headers may be larger than the MTU of very constrained lower layers.

These constraints have led to a design which includes

- optional padding,

- a feedback packet type,

- an optional Add-CID octet which provides 4 bits of CID, and

- a simple segmentation and reassembly mechanism.

A ROHC packet has the following general format (in the diagram,colons ":" indicate that the part is optional):

--- --- --- --- --- --- --- --- ---

: 
Padding 

: variable length

--- --- --- --- --- --- --- --- ---

: 
Feedback 
: 0 or more feedback elements

--- --- --- --- --- --- --- --- ---

: 
Header 

: variable, with CID information

--- --- --- --- --- --- --- --- ---

: 
Payload 

:

--- --- --- --- --- --- --- --- ---

Padding is any number (zero or more) of padding octets. Either of Feedback or Header must be present.

Feedback elements always start with a packet type indication.

Feedback elements carry internal CID information. Feedback is described in section 5.2.2.

-------------------------------------------FROM RFC 3095 [3] End------------------------------------------

Based on the description above, it can be observed that the ROHC feedback can be sent in separate ROHC packets (i.e. PDCP ROHC feedback control PDU) as well as piggybacked on forward packets (i.e. PDCP data PDU).

Observation 2: The ROHC feedback can be sent in separate ROHC packets (i.e. PDCP ROHC feedback control PDU) as well as piggybacked on forward packets (i.e. PDCP data PDU).

Risk for the out of order reception of ROHC feedback

In ROHC protocol [3], lots of ROHC mode has been defiend, and for each mode, different feedback scheme will be uesd. Within the feedback schemes defined in [3], some kinds of feedback packets in ROHC include "SN", which contains LSBs of an RTP Sequence Number. The sequence number to use is the sequence number of the header which caused the feedback information to be sent. Upon reception, the compressor matches valid SN LSBs with the most recent header sent with a SN with matching LSBs.  If the feedbacks are out of order, the feedbacks may be discarded by the compressor, which will prevent the compressor to transition to a higher compression efficient state, thus lead to negative impact on the efficiency of ROHC operation.  One example is given as follow: 
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Figure 2.1-2 feedbacks are out of order
At T1, the compressor sends the data packet-a at first, and then the data packet-b. The decompressor received data packet-a first. And the feedback-1 is generated and sent to compressor. The SN included in feedback-1 is calculated based on the content of data packet-a. After some time at T2, the decompressor received data packet-b. The feedback-2 is generated and sent to compressor. The SN included in feedback-2 is calculated based on the content of data packet-b. Both the feedback-1 and feedback-2 are sent to the compressor. Now the feedback-1 and feedback-2 are out of order. The feedback-2 is received at first, and then the compressor can handle the feedback-2 correctly. The last successfully decompressed packet is data packet-b. When feedback-1 is received later, the incorrect will occur and the feedback-1will be discarded. 
In addition, based on the observation 2 that the ROHC feedback can be carried in either the ROHC feedback PDCP control PDU or PDCP data PDU, considering the reordering delay for the PDCP data PDU, once consecutive ROHC feedback (which is the normal case for ROHC) are carried on both PDCP data PDU and PDCP control PDU, it will highly likely that the out of order reception may occur and the ROHC feedback will be discarded.
Based on the analysis above, it’s proposed that the in sequence delivery of ROHC feedback packets should be guaranteed, and one sequence number should be assigned to each interspersed ROHC feedback PDCP control PDU.
Proposal 1: The in sequence delivery of ROHC feedback packets should be guaranteed, and one sequence number should be assigned to each interspersed ROHC feedback PDCP control PDU.
Based on the proposal 1, considering the ROHC feedback can be sent in either separate packet or piggybacked on data packet, the separate ROHC feedback packets and the data packets should be maintained in one sequence number space to ensure the in sequence delivery.

Proposal 2: The same sequence number space should be used for both the interspersed ROHC feedback packets and the PDCP data packets.
3. Conclusion

According to the analysis above, it is proposed:
Observation 1: According to the operating assumptions given in ROHC protocol [3], the in-sequence delivery between between  ROHC compressor and ROHC decompressor is required.

Observation 2: The ROHC feedback can be sent in separate ROHC packets (i.e. PDCP ROHC feedback control PDU) as well as piggybacked on forward packets (i.e. PDCP data PDU).

Proposal 1: The in sequence delivery of ROHC feedback packets should be guaranteed, and one sequence number should be assigned to each interspersed ROHC feedback PDCP control PDU.
Proposal 2: The same sequence number space should be used for both the interspersed ROHC feedback packets and the PDCP data packets.
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