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1   Introduction

In the IAB architecture design option selected for Rel-16 work (so-called Option 1a [1]), a new protocol layer called adaptation (Adapt) layer is introduced. Its main purpose is to transport F1*-U across the wireless backhaul. The IAB Rel-16 WID [2] captures the following as one of the goals for the enhancements to L2 wireless transport for IAB: “Specification of an adaptation layer above RLC layer. The adaptation layer supports routing across the wireless backhaul and IP as next protocol layer.”

Based on the IAB TR [1], information carried on the adaptation layer supports the following functions:

· Identification of the UE-bearer for the PDU;

· Routing across the wireless backhaul topology;

· QoS-enforcement by the scheduler on DL and UL on the wireless backhaul link;

· Mapping of UE user-plane PDUs to backhaul RLC channels;

· Potentially other functions.

In this tdoc we examine in detail the fundamental requirements for Adapt design which satisfy the above recommendations in the simplest, most efficient way, and share our views on what this design should encompass.
2   UE-bearer identification
The minimum functionality required is some form of destination node address, so that the intermediate node can know whether it is the final destination for a packet within the relay network, or whether the packet should be sent forward.

Observation 1 At the very least, the Adapt header needs to contain the destination node address. This is true for both many-to-one and one-to-one mapping cases.

Strictly speaking, we do not need to enable the multiplexing function of the Adapt layer at the Donor DU for the one-to-one bearer mapping case, but we cannot bypass this layer as this is where the destination address is determined.
Proposal 1: Adapt is never bypassed – the Adapt header containing at least the destination node address is added to bearer data for both many-to-one and one-to-one mapping cases.

The next important topic is UE bearer identification. For the case of one-to-one bearer mapping, at the destination node, GTP-U tunnel info can be used to derive the UE DRB ID, while at the intermediate nodes the UE DRB ID information is not required for the incoming-to-outgoing BH RLC channel mapping. Therefore, for the one-to-one mapping, the presence of UE DRB ID in the Adapt header is not required. Using the similar reasoning, for the many-to-one bearer mapping case where all the multiplexed data follow the same route and same mapping from source node to destination node, presence of UE DRB ID in the Adapt headers is likewise not required. 

Observation 2 Strictly speaking, for the one-to-one mapping case, presence of UE DRB ID in the Adapt header is not required as it can be derived at the destination node from the GTP-U tunnel info and also because the intermediate node can perform the mapping to the outgoing BH RLC channel without knowing the UE DRB ID. 
Observation 3 Similarly, for the many-to-one mapping case where all the multiplexed data follow the same route from source node to destination node and same input-to-output mapping at all intermediate nodes, presence of UE DRB ID in the Adapt header is likewise not required.

The important question now is whether we want to keep the adaptation header structure unified for various cases where (some form of) UE DRB ID is definitely needed (e.g. where not all the data multiplexed in a single incoming BH RLC channel at the source follow the same route or same mapping at one or more intermediate nodes), or whether we strive for optimizing it by omitting UE DRB ID field in some cases (e.g. one-to-one mapping).
Observation 4 In some cases the UE DRB ID is required and therefore it would be possible to optimize the Adapt header design (and signalling incurred) by omitting the UE DRB ID field in cases where it is not required. 

Observation 5 Not having UE DRB ID in some cases while having it in others would cause fragmented design and need for additional configuration parameters. 
Observation 6 Not having UE DRB ID in some cases while having it in others would further limit the configuration options and routing algorithms that network implementation can support.

Based on the above we propose the following:
Proposal 2: Adapt always contains at least destination address and UE DRB ID.
3   Node/route addressing aspects
On the topic of DRB multiplexing (aka many-to-one mapping of UE DRBs to BH RLC channels), the TR or the WID do not specify which of the two following options is intended:

1. Multiplexing of DRBs means that data from different DRBs (possibly even belonging to different UEs) are put in a single Adapt packet. In other words, the IAB TR requirement “An IAB-node needs to multiplex the UE DRBs to the BH RLC-Channel” is fulfilled by multiplexing different DRBs into a single Adapt packet, which is then transmitted over a single logical channel, based on required QoS.

2. One Adapt packet contains data from one DRB only. The IAB TR requirement “An IAB-node needs to multiplex the UE DRBs to the BH RLC-Channel” is then fulfilled by sequentially passing all the Adapt packets that require same QoS treatment to the same RLC entity, based on required QoS.

So basically in Option 1 immediately above, the ‘multiplexing to BH RLC channels’ function of the Adapt is done by taking data from several DRBs at the same time and putting them in a single Adapt packet. In Option 2, the ‘multiplexing to BH RLC channels’ function of the Adapt is done by TDM’ing data from several DRBs (= several Adapt packets) onto a single LCH. Both of the above meet the TR requirements.

In our view, aggregating packets belonging to different UE DRBs into the same adapt packet (Option 1) may cause several functionality issues, e.g. if this adapt packet transmission to the next hop fails, the whole packet would then need to be retransmitted. It would also make the adapt header design more complex (requiring multiple sub-headers/L-fields), whereas for Option 2 there will be one header (with at least destination address and UE DRB ID, as per our Proposal 2 above) per RLC PDU. We therefore propose the following:
Proposal 3: Concatenation at the Adapt layer is not allowed.

Next major issue is whether only packets with the same destination are multiplexed onto a single BH RLC channel, or whether multiplexing of data destined for different destinations (but sharing at least the first hop) is allowed. While this could be viewed as an implementation matter, support of different options impacts Adapt header design and ultimately the Adapt spec in different ways. We support the latter option and propose the following:
Proposal 4: Multiplexing of data with different destination addresses and/or different routes through the network over the same BH RLC link is allowed at Adapt layer.

Under the assumptions from Proposal 4, at some intermediate node data multiplexed onto the same incoming BH RLC channel will have different next-hop nodes. The intermediate node will therefore need to de-multiplex data from one single incoming BH RLC channel, meaning data that arrived on the same incoming BH RLC channel may end up on different outgoing BH RLC channels. This can also happen if data with the same destination address are multiplexed together, but individual UE DRBs have different routes through the network. It can also happen if data with the same destination address are allowed to be multiplexed together and the data in question has the same next-hop node, but the number of incoming BH RLCs channels of a required QoS does not match the number of outgoing BH RLCs (e.g. there is only one outgoing data pipe for the best-effort traffic but multiple incoming ones).

Observation 7 The intermediate node may split the data of one incoming BH RLC CH to different outgoing BH RLC CHs in some cases, e.g.: When packets arriving on the same incoming BH RLC channel have different next-hop nodes at (at least) one intermediate node; When the number of incoming BH RLC channels of a required QoS does not match the number of outgoing BH RLC channels.
Neither of the two overarching cases of Observation 7 requires any additional information in the Adapt header apart from destination address(es) and UE DRD ID(s), as we will demonstrate here. While design of routing tables is an implementation matter, if we assume the simplest design of having a table which indicates the ‘next node’ for each destination address, this would mean that destination address combined with UE DRB ID is all that is needed in the Adapt. Even if different routes are allowed, no changes are needed to the Adapt header: the Adapt header does not need to contain anything akin to route ID, since an appropriately configured intermediate node (with an appropriate routing table) could work out the next hop based on UE DRB ID. For distributed routing, however, where some of the routing decisions are made at intermediate nodes, one may argue that QoS information is required in the Adapt header – we cover this issue in the next section.
4   QoS aspects and their impact on Adapt design

If only data with the same destination address and same mapping at all intermediate nodes are multiplexed together (we have already examined the case where this is not so), but the number of outgoing BH RLCs channels of a required QoS does not match number of incoming BH RLCs with the same required QoS (e.g. there is only one outgoing data pipe for the best-effort traffic but multiple incoming ones), then the intermediate node does need access to QoS profile for every individual UE DRB. This is essential for distributed routing (at this stage in the IAB WI, distributed routing is an option). Therefore we note the following: 

Observation 8 Intermediate node will be configured with a QoS profile for every individual UE DRB. When mapping incoming to outgoing BH RLC channel, the intermediate node looks at the Adapt address, and additionally (and if needed for the given type of routing), the intermediate node looks up the QoS requirements based on the UE DRB ID (available in the Adapt header) and the configured QoS profile.

Based on this we conclude the following:

Proposal 5: QoS information is not needed to be explicitly included in the Adapt header.
Proposal 6: Adapt contains only the destination address and UE DRB ID.

Please see our tdoc [3] on various QoS considerations. Here (in the present tdoc) we focused only on how they impact the Adapt header design.
5   Conclusions
In this tdoc we analyzed the possible Adapt layer design options and whether (and at what cost) they meet the requirements for the WI. We started by observing the following:
Observation 9 At the very least, the Adapt header needs to contain the destination node address. This is true for both many-to-one and one-to-one mapping cases.

Strictly speaking, we do not need to enable the multiplexing function of the Adapt layer at the Donor DU for the one-to-one bearer mapping case, but we cannot bypass this layer as this is where the destination address is determined.

Proposal 7: Adapt is never bypassed – the Adapt header containing at least the destination node address is added to bearer data for both many-to-one and one-to-one mapping cases.

Then, based on a series of observations to do with the need for presence of some kind of UE DRB ID in the Adapt header in various scenarios:

Observation 10 Strictly speaking, for the one-to-one mapping case, presence of UE DRB ID in the Adapt header is not required as it can be derived at the destination node from the GTP-U tunnel info and also because the intermediate node can perform the mapping to the outgoing BH RLC channel without knowing the UE DRB ID. 
Observation 11 Similarly, for the many-to-one mapping case where all the multiplexed data follow the same route from source node to destination node and same input-to-output mapping at all intermediate nodes, presence of UE DRB ID in the Adapt header is likewise not required.

Observation 12 In some cases the UE DRB ID is required and therefore it would be possible to optimize the Adapt header design (and signalling incurred) by omitting the UE DRB ID field in cases where it is not required. 

Observation 13 Not having UE DRB ID in some cases while having it in others would cause fragmented design and need for additional configuration parameters. 
Observation 14 Not having UE DRB ID in some cases while having it in others would further limit the configuration options and routing algorithms that network implementation can support.

We further proposed the following:

Proposal 8: Adapt always contains at least destination address and UE DRB ID.

Essentially, the message so far is as follows: One needs to have Adapt address in the header (whatever that address may end up being exactly).  On top of that, if we wish to send data with same Adapt address to different next-hop node, then we also need to include (some kind of) UE DRB ID. We then looked at how multiplexing of different DRBs onto a single BH RLC channel is performed and proposed the following approach:

Proposal 9: Concatenation at the Adapt layer is not allowed.

Proposal 10: Multiplexing of data with different destination addresses and/or different routes through the network over the same BH RLC link is allowed at Adapt layer.

With these 4 proposals in mind, and noting the following:

Observation 15 The intermediate node may split the data of one incoming BH RLC CH to different outgoing BH RLC CHs in some cases, e.g.: When packets arriving on the same incoming BH RLC channel have different next-hop nodes at (at least) one intermediate node; When the number of incoming BH RLC channels of a required QoS does not match the number of outgoing BH RLC channels.
We argued that, if routing is centralised, then destination address and UE DRB ID is all we need in the Adapt header – even if we have e.g. 2 best-effort incoming pipes and only one best-effort outgoing pipe, the CU will take that into account when updating the routing table. If however the routing is distributed, then we may need the QoS info in the Adapt header; however we argue that this is in fact not needed as the UE DRB ID is enough, provided intermediate nodes are configured with QoS profiles of different bearers. So, to conclude:

Observation 16 Intermediate node will be configured with a QoS profile for every individual UE DRB. When mapping incoming to outgoing BH RLC channel, the intermediate node looks at the Adapt address, and additionally (and if needed for the given type of routing), the intermediate node looks up the QoS requirements based on the UE DRB ID (available in the Adapt header) and the configured QoS profile.

Proposal 11: QoS information is not needed to be explicitly included in the Adapt header.
Proposal 12: Adapt contains only the destination address and UE DRB ID.

6   Reference

[1] TR 38.874 v16.0.0, “NR; Study on integrated access and backhaul”
[2] RP-182882, “New WID: Integrated Access and Backhaul for NR”

[3] R2-1900902,  “QoS framework in IAB network”, Samsung
[image: image1.png]



