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1 Introduction

As shown in TR 38.874[1], the following two options about the placement of adaptation function are proposed for architecture 1a
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In this contribution, we will focus on how to support the reassembly function in RLC layer for architecture 1a.
2 Reassembly function with above MAC adaptation function
For the option of adaptation function being placed above the RLC layer, the full RLC layer functionality (segmentation, reassembly, and ARQ if applicable) should be implemented at the IAB node. On the other hand, if the adaptation function is integrated within the MAC layer, or placed above the MAC layer, then either partial or full RLC functionalities can be implemented at the IAB node. In particular, the reassembly function can be supported on either a hop-by-hop basis or using an end-to-end approach. These two approaches can be defined as follows:
a) End-to-end reassembly: An IAB node forwards received RLC PDUs without reassembly. RLC SDU segments are reassembled by the endpoint receiving node which implements the full RLC functionality. The endpoint receiving node is either the UE for downlink transmission or the IAB donor (or donor DU) for the uplink transmission. Note that partial reassembly at intermediate IAB nodes can be considered as a special case of end-to-end reassembly.
b) Hop-by-hop reassembly:  Each IAB node will reassemble received RLC SDU segments to get a complete RLC SDU, before forwarding the SDU.

In the following section, we analyze the impact of both reassembly function alternatives for RLC UM mode, and RLC AM mode, for the above MAC adaptation function approach.

1.1 RLC UM mode: End-to-end reassembly vs. Hop-by-hop reassembly
As defined in the current NR RLC specification [2], for RLC UM mode, only segmented RLC SDUs will be assigned a sequence number (SN). Full RLC SDUs don’t carry the RLC SN field.
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With alternative a) the IAB node can perform segmentation for UM RLC SDUs, and all the segments of an RLC SDU will be reassembled by the UE/IAB donor which implements the full RLC functionality. As mentioned above, if the UE/IAB donor sends a full RLC SDU (or un-segmented RLC SDU) without segmentation, such a full RLC SDU won't contain the SN field in its RLC header [2]. Therefore, if an IAB node segments a received full RLC SDU, it needs to add a SN (the same SN) to all the segments of the full RLC SDU in order to enable the end receiving RLC entity with reassembly function to reassemble the original full RLC SDU. Since each IAB node would assign RLC SNs separately, there is a risk that two (or even more) different IAB nodes may assign the same SN to two (or more) different RLC SDUs, if each of these IAB nodes segments different RLC SDUs. 
For example, in Figure 1, there are two IAB nodes between the UE and IAB donor. The UE sends multiple full RLC SDUs of a UM bearer towards the IAB donor through IAB node 1 and IAB node 2. One un-segmented RLC SDU A is segmented by IAB node 2, and the assigned SN is #1. However, IAB node 1 doesn't know this because the IAB node 2 is upstream of IAB node 1. Then if another un-segmented RLC SDU B is segmented by IAB node 1, IAB node 1 may also assign SN #1 to this RLC SDU A. It is possible that these segments of SDU A and SDU B arrive at the IAB donor out of order. In this case the IAB donor may not perform the reassembly of SDU A and SDU B correctly due to the SN collision. 

[image: image3.emf]UM RLC SDU A

UE

IAB node 1 IAB node 2 IAB donor

UM RLC SDU B

1-(1) 1-(2) 1-(1) 1-(2) 1-(3)

SN collision result in confusion 

for receiving side

！


Figure 1. Problem about SN collision in receiving side for UM mode. 
Observation 1: With above MAC adaptation function option, a problem of RLC SN collision may potentially arise for RLC UM mode with end-to-end reassembly, if IAB nodes perform segmentation of un-segmented RLC SDUs.

The following are possible solutions to solve the potential SN collision problem for UM mode with end-to-end reassembly in multi-hop IAB networks: 

Solution 1. IAB node does not perform segmentation when transmitting un-segmented UM mode RLC SDUs. This relies on restricting the RLC segmentation function at the IAB nodes. Such a restriction may result in some inefficiency of BH link utilization. For example, if an RLC SDU cannot be segmented to fill the available space of the MAC PDU, then this spare space may be need to be filled with padding bits. However, since the scheduler at the IAB node will strive to use the air interface resources efficiently, such wastage of air interface capacity is expected to be minimal.
 On the other hand, with alternative b), the potential for such SN collisions can be avoided since the UM RLC segments are reassembled hop-by-hop at the receiving side of the IAB node. Thus the SN assigned by each IAB node is only useful to the receiving side of its next hop node, and this SN will be removed if the full RLC SDU is reassembled before being deliver to the transmitting side of the IAB node. Therefore, the SN collision problem will not exist. However, with the alternative b), the operation of IAB node will be more complicated than alternative a), since this requires each IAB node to maintain some RLC state e.g. t-reassembly, assigned RLC SN, etc.  

As a result, the following two solutions based on hop-by-hop reassembly can be used to avoid RLC SN collision for UM mode:  
Solution 2. Enable hop-by-hop segmentation and reassembly of un-segmented UM mode RLC SDUs by intermediate IAB nodes.

Solution 3. Enable hop-by-hop segmentation and reassembly of all UM mode RLC SDUs by intermediate IAB nodes.
In fact, for RLC UM mode, if one or more segments of an RLC SDU is lost on some intermediate link, the receiving IAB node for this link cannot recover the RLC SDU successfully. Therefore, the other received segments of this RLC SDU can be discarded directly by this IAB node. Such a discarding operation can be beneficial, because it could be wasteful of backhaul resource to forward the remaining segments towards the UE/IAB donor. 
Observation 2: With hop-by-hop reassembly, the operation of IAB nodes will be more complicated than end-to-end reassembly, since this requires each IAB node to maintain some RLC state e.g. t-reassembly, assigned RLC SN etc.

Observation 3. For RLC UM mode, it can be beneficial to enable hop-by-hop reassembly and allow the IAB node to discard RLC SDU segments which cannot be reassembled into the original full RLC SDUs.
Proposal 1. To avoid the potential for RLC SN collisions for UM mode, the following three solutions can be considered:
· Solution 1. IAB node does not perform segmentation when transmitting un-segmented UM mode RLC SDUs.
· Solution 2. Enable hop-by-hop segmentation and reassembly of un-segmented UM mode RLC SDUs by intermediate IAB nodes.

· Solution 3. Enable hop-by-hop segmentation and reassembly of all UM mode RLC SDUs by intermediate IAB nodes.
1.2 RLC AM mode: End-to-end reassembly vs. Hop-by-hop reassembly
For RLC AM mode, each RLC SDU has a separate SN which is assigned by the end transmitting RAN node, i.e. the UE or the IAB donor. An intermediate IAB node won’t change the RLC SN whether it does segmentation or not. Thus using end-to-end reassembly will not cause RLC SN collision. When compared to hop-by-hop reassembly, the end-to-end approach can simplify the RLC operation for IAB nodes. This provides some benefits such as reducing L2 processing latency, reducing buffer space requirements, as well as alleviating the need to maintaining RLC state variables at the IAB nodes. 
On the other hand, the IAB node should forward all the received RLC SDU segments even if some segmented RLC SDUs cannot be reassembled to obtain a full RLC SDU at the IAB nodes, as ARQ can always recover any missing segments. Otherwise, if RLC segments that could not be reassembled into RLC SDUs were to be dropped by an intermediate IAB node, the full RLC SDU would have to be retransmitted, consuming even more transmission resources over the BH links. This should be avoided. Therefore, it seems that the hop-by-hop reassembly is unnecessary for RLC AM mode. 
Observation 4. For RLC AM mode, the IAB node does not need to perform reassembly in the RLC layer, RLC SNs are always aligned across different hops.
Proposal 2: Agree the text proposal to TR 38.874 in section 5.  
2 Conclusions
Based on the previous discussion, we can draw the following observations and proposals

Observation 1: With above MAC adaptation function option, a problem of RLC SN collision may potentially arise for RLC UM mode with end-to-end reassembly, if IAB nodes perform segmentation of un-segmented RLC SDUs.
Observation 2: With hop-by-hop reassembly, the operation of IAB nodes will be more complicated than end-to-end reassembly, since this requires each IAB node to maintain some RLC state e.g. t-reassembly, assigned RLC SN etc.
Observation 3. For RLC UM mode, it can be beneficial to enable hop-by-hop reassembly and allow the IAB node to discard RLC SDU segments which cannot be reassembled into the original full RLC SDUs.
Observation 4. For RLC AM mode, the IAB node does not need to perform reassembly in the RLC layer. RLC SNs are always aligned across different hops. .
Proposal 1. To avoid the potential for RLC SN collisions for UM mode, the following three solutions can be considered.

· Solution 1. IAB node does not perform segmentation when transmitting un-segmented UM mode RLC SDUs.
· Solution 2. Enable hop-by-hop segmentation and reassembly of un-segmented UM mode RLC SDUs by intermediate IAB nodes.

· Solution 3. Enable hop-by-hop segmentation and reassembly of all UM mode RLC SDUs by intermediate IAB nodes.
Proposal 2: Agree the text proposal to TR 38.874 in section 5.
3 Reference
[1] 3GPP TR38.874 v4.0.0, Study on Integrated Access and Backhaul. 
[2] 3GPP TS38.322 v15.2.0, Radio Link Control (RLC) protocol specification.
4 Text Proposal for TR 38.874
The following changes to TR 38.874 are proposed:

********* Start of Change **********
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8.2.x 
Support of Reassembly function.

For the option of adaptation function being placed above the RLC layer, the full RLC layer functionality (segmentation, reassembly, and ARQ if applicable) should be implemented at the IAB node. On the other hand, if the adaptation function is integrated within the MAC layer, or placed above the MAC layer, then either partial or full RLC functionalities can be implemented at the IAB node. In particular, the reassembly function can be supported on either a hop-by-hop basis or using an end-to-end approach. These two approaches can be defined as follows:

a) End-to-end reassembly: An IAB node forwards received RLC PDUs without reassembly. RLC SDU segments are reassembled by the endpoint receiving node which implements the full RLC functionality. The endpoint receiving node is either the UE for downlink transmission or the IAB donor (or donor DU) for the uplink transmission. Note that partial reassembly at intermediate IAB nodes can be considered as a special case of end-to-end reassembly.

b) Hop-by-hop reassembly:  Each IAB node will reassemble received RLC SDU segments to get a complete RLC SDU before forwarding the SDU.

8.2.x.x 
Support of Reassembly function for UM mode.

With alternative a), the IAB node can perform segmentation for UM RLC SDUs, and all the segments of an RLC SDU will be reassembled by the UE/IAB donor which implements the full RLC functionality. As mentioned above, if the UE/IAB donor sends a full RLC SDU (or un-segmented RLC SDU) without segmentation, such a full RLC SDU won't contain the SN field in its RLC header. Therefore, if an IAB node segments a received full RLC SDU, it needs to add a SN (the same SN) to all the segments of the full RLC SDU, in order to enable the end receiving RLC entity with reassembly function to reassemble the original full RLC SDU. Since each IAB node would assign RLC SNs separately, there is a risk that two (or even more) different IAB nodes may assign the same SN to two (or more) different RLC SDUs, if each of these IAB nodes segments different RLC SDUs.

On the other hand, with alternative b), the potential for such SN collisions can be avoided since the UM RLC segments are reassembled hop-by-hop at the receiving side of the IAB node. Thus the SN assigned by each IAB node is only useful to the receiving side of its next hop node, and this SN will be removed if the full RLC SDU is reassembled before being deliver to the transmitting side of the IAB node. Therefore, the SN collision problem will not exist. 

Some possible solutions can be introduced to solve the potential SN collision problem for UM mode in multi-hop IAB networks.

· Solution 1. IAB node does not perform segmentation when transmitting un-segmented UM mode RLC SDUs.

· Solution 2. Enable hop-by-hop segmentation and reassembly of un-segmented UM mode RLC SDUs by intermediate IAB nodes.

· Solution 3. Enable hop-by-hop segmentation and reassembly of all UM mode RLC SDUs by intermediate IAB nodes.
8.2.x.x 
Support of Reassembly function for AM mode.

For RLC AM mode, each RLC SDU has a separate SN which is assigned by the end transmitting RAN node, i.e. the UE or the IAB donor. An intermediate IAB node won’t change the RLC SN whether it does segmentation or not. Thus using end-to-end reassembly will not cause RLC SN collision. When compared to hop-by-hop reassembly, the end-to-end approach can simplify the RLC operation for IAB nodes. This provides some benefits such as reducing L2 processing latency, reducing buffer space requirements, as well as alleviating the need to maintaining RLC state variables at the IAB nodes. 

On the other hand, the IAB node should forward all the received RLC SDU segments even if some segmented RLC SDUs cannot be reassembled to obtain a full RLC SDU at the IAB nodes, as ARQ can always recover any missing segments. Otherwise, if RLC segments that could not be reassembled into RLC SDUs were to be dropped by an intermediate IAB node, the full RLC SDU would have to be retransmitted, consuming even more transmission resources over the BH links. This should be avoided. Therefore, it seems that the hop-by-hop reassembly is unnecessary for RLC AM mode.
The study will consider the following adaptation layer placements:


integrated with MAC layer or placed above MAC layer (examples shown in Figure 8.2 - 1a, b),


above RLC layer (examples shown in Figure 8.2-1c, d, e and Figure 8.2-2).








6.2.3.3	Sequence Number (SN) field


Length: 12 bits or 18 bits (configurable) for AMD PDU. 6 bits or 12 bits (configurable) for UMD PDU.


The SN field indicates the sequence number of the corresponding RLC SDU. For RLC AM, the sequence number is incremented by one for every RLC SDU. For RLC UM, the sequence number is incremented by one for every segmented RLC SDU.
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