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1. Introduction

This document contains email discussion: 
[105#53] [NR_IAB] Routing (Ericsson)
	Intended outcome: Address the FFS on identify next hop/egress link. Progress the discussion on path ID and destination ID for UL and DL (size etc).
	Deadline:  Thursday 2019-10-03 

The background for this email discussion in provided in the annex.
2. Discussion
The purpose of this email discussion is twofold: 1) to apprehend different options for the next hop/egress link identifier for the downstream traffic in IAB network; 2) to discuss the remaining issues related to routing such as the size of BAP path ID and BAP address for upstream and downstream routing. Depending on the outcome of the discussion, a summary reflecting the consensus view will be presented in RAN2#107bis.
2.1	Next hop/egress link identifier for downstream 
Since RAN2 agreed to use Cell group ID for upstream, the remaining question is what identifier should be used in the downstream. To our understanding, this question depends whether RAN3 decides to use UE associated or non-UE associated signaling for configuring routing information. If UE associated signaling is used, no explicit identifier is needed as the gNB-CU/DU UE F1AP ID is included in the UE associated signaling. If non-UE associated signaling is used, then an identifier (the gNB-CU/DU UE F1AP ID or another identifier) has to be included to identify which routing configuration included in the F1-AP message refers to which IAB node.

 Question 1a: Assuming RAN3 decides to use UE-associated signaling for configuring routing information, do companies agree that no explicit next hop identifier is needed and the gNB-CU/DU UE F1AP ID can be used to determine the next hop?

	Company
	Yes/No
	Any motivation for the proposed option

	Huawei, HiSilicon
	No
	First, for BAP routing configuration at DU side, it could be a normal case to update the routing table related to multiple next hops at the same time. The non-UE associated signaling is more suitable, since one UE-associated F1AP message can only configure the entries in the routing table related to one next hop. Therefore, multiple UE-associated F1AP messages are required to update the entries related to multiple next hops, which only one non- UE-associated F1AP message is required in that case.

We should discuss the need of implicit manner of next hop ID, only if RAN3 agrees to only use UE-associated signaling for routing configuration. If RAN3 agrees both UE-associated and non-UE-associated signalings are used, the explicit next hop ID is need anyway.

Actually, the BAP routing configuration IE should be defined in TS 38.331 as one of IEs in RRCReconfiguration message, which is included in the F1AP message as a RRC-Container. If that is the case, the explicit mapping between routing ID and next hop ID should be clearly captured in the RRC ASN.1. Otherwise, the routing table would be not completely defined in ASN.1.

	QC
	Yes
	We’d like to point out that HW does not answer the question but elaborate on the need for non-UE associated configuration.

	LG
	No
	We think that RAN2 can determine next hop/egress link identifier for downstream even without RAN3’s decision which is whether to use UE-associated signaling for configuring routing information. Even if RAN3 agrees to only use UE-associated signaling for routing configuration, gNB-CU/DU UE F1AP ID may not be the only one candidate for next hop/egress link identifier for downstream and other candidates can be also considered. 

	KDDI
	Yes
	RAN2 should wait RAN3’s decision.

	Nokia, Nokia Shanghai Bell
	
	We would like to point out we don’t have to wait for / assume anything about RAN3 decision – rather RAN3 is waiting for RAN2 input whether to use UE associated or non-UE associated signaling.

Furthermore, we agree with HW that non-UE-associated signaling should be used but in case UE-associated signaling is agreed, no next hop id is needed.

	AT&T
	Yes
	

	CATT
	Yes
	

	OMESH
	No
	

	ZTE
	No
	It is not suitable to use UE-associated signaling for routing configuration. 
If multiple routing entries for different destinations need to be updated at an IAB node, it requires multiple F1AP UE associated signallings transmitted to the IAB node to update path/additional information associated with each next-hop MT in the routing table separately. 

While in the case of routing configuration by non-UE-associated signaling, multiple routing entries for different destinations at an IAB node could be updated simultaneously by a single F1AP signaling message. 

It should be noted that updating the routing configuration of multiple destinations and paths simultaneously is generally required in IAB network, e.g. for load balance purpose. Hence, routing table configuration for BAP DU part should be implemented by non UE-associated F1AP signaling. 

	Samsung
	Yes but…
	We see value in using both UE-associated and non UE-associated signaling since they apply to different scenarios. If UE-associated signaling is used, we agree that no explicit next hop identifier is needed.

	Futurewei
	Not relevant
	Whether to use UE-associated or non UE-associated F1AP signaling to configure the routing table(s) for the IAB-node DU part seems be in the scope of RAN3. So no need to discuss this in RAN2.
However, we agree with LG, in that the downstream identifier for next hop/egress link is within the scope of RAN2 to discuss and agree. This discussion seems independent of anything RAN3 might agree regarding the signaling mechanism by which the configuration is done.

	Ericsson
	Yes
	If UE-associated signaling is used, this means the F1-AP DU/CU UE ID will be included in the F1 message that sets up the routing configuration, thereby implicitly identifying the next hop. 

	Intel
	Yes, but
	If RAN3 agrees to use UE associated signaling, then indeed the gNB-CU/DU UE F1AP ID can be used to determine the next hop. But its not clear that that using UE associated signaling is the best approach. We agree with observations above that non-UE associated signaling may be preferred/more efficient.

	Sony
	No
	Agree with LG

	NEC
	No
	We also think it is not suitable to use F1-AP ID UE is suitable for the purpose of routing. 

	ITRI
	No
	Both UE associated and non UE-associated signaling are useful for different scenarios. Even if RAN3 decides to use UE-associated signaling, the next hop is not always derived from gNB-CU/DU UE F1AP ID. It is necessary to have explicit next hop.


 Summary:

Question 1b: Assuming RAN3 decide to use non-UE associated signaling, which identifier should be used for the downstream next hop/egress link?
a) gNB-CU/DU UE F1AP ID
b) C-RNTI + Cell ID
c) Other identifier(s)?
	Company
	Option
	Any motivation for the proposed option

	Huawei, HiSilicon
	b
	One of the important arguments to select option a/b is whether the ID changes upon BH link re-establishment. 


Figure. Example to configure the routing table at IAB3 at DU

As to the routing configured of IAB3’s DU:
In case BH link failure between IAB3 and IAB4, after the BH link re-establishment, neither the F1AP ID nor the C-RNTI of the IAB1/2 changes. There is no difference between option a and b;
In case BH link failure between IAB3 and IAB1/2, after the BH link re-establishment, C-RNTI of the IAB1/2 changes. Also note that the F1AP ID of IAB1/2 changes. As captured in the RRC connection reestablishment procedure of TS 38.401, the INITIAL UL RRC MESSAGE TRANSFER for RRC re-establishment from IAB3 DU to CU has to be the New UE F1AP ID of IAB1/2. The old F1AP ID can only be known by the IAB3 after CU fetches the UE context of IAB1/2. After that, the new F1AP ID of IAB1/2 should be used between IAB3 and donor CU, while the old F1AP ID may be reallocated to other MT/UEs by IAB3 (See TS 38.473 “it shall release the old gNB-DU UE F1AP ID”).

Note that if option b is agreed, it is FFS whether to use BAP address to indicate the next hop node as the intermediated step. In addition, the mapping between BAP address and C-RNTI + Cell ID should be configured in that case.

	QC
	a)
	This is the appropriate identifier for a UE or MT on F1-AP. 

	LG
	c
	From routing table point of view, it is better to use BAP address to indicate the next hop IAB node because BAP address is shorter than above two options. This may need intermediate mapping step, but it’s no big deal. 

	KDDI
	a)
	We share the view with QC.

	Nokia, Nokia Shanghai Bell
	c
	IAB node ID, i.e., BAP address; IAB node ID need not change in re-establishment, only the mapping between next hop IAB node ID and corresponding C-RNTI need to be changed. Thus, the routing table itself is not changed. The mapping between the next IAB node ID and the C-RNTI is configured by adding BAP address of the child node into UE/MT Context of that child node kept by the parent node.

	AT&T
	a
	It seems cleaner to use gNB-CU/DU UE F1AP ID

	CATT
	a
	One difference of option a and b is the ID size but this shall not be critical issue. Another aspects as HW pointed out is whether this ID changes during e.g., re-establishment. 
Our suggestion is to have a quick agreement here as both options seems working. 
In our view we could set up a working assumption of using a), and progress with ran2 discussions. If some critical issue was identified later we can check again. 

	OMESH
	c
	BAP address would be the most straightforward to use, since routing is dealt with in BAP. You do not want to update the entire routing table in topology management (e.g., re-establishment)

	ZTE
	b
	It would be better to use AS layer identifier for egress link indication, which is aligned with UL routing.

	Samsung
	b or c
	Preference is b. Additionally, we agree with Huawei that BAP could be used as next hop identifier as well, but in that case the BAP address would need to be mapped to the relevant radio identifiers which seems like introducing redundancy. However using BAP address may have some benefits as it may be shorter than C-RNTI + cell id, and also in cases where parent node changes (in this case BAP remains the same whereas C-RNTI  + cell id changes).

	Futurewei
	c (BAP address) (1st preference) 
b (2nd preference) 
	Ultimately, which ever identifier is used (e.g. a, or c), it needs to map to b (C-RNTI + cell id). However, we tend to agree with observations from LG, Nokia, OMESH, etc. in that the BAP address will already be defined in the BAP layer, and hence using the BAP address with redirection (C-RNTI + cell id)_ to seems cleaner from a specification perspective. Also, this has the advantage of not needing to re-configure routing tables for topology management.
There does not seem to be any particular advantage to using option a compared to the BAP ID. Hence, we think this is the least desirable approach. 

	Ericsson
	a
	Option a is the most natural approach because it is already used by a DU to identify the UE/MT that a CP message is destined to. 

Using option b is also feasible, but it seems redundant, as explained above, the DU already has some sort of mapping of the F1-AP UE ID to a UE (e.g. C-RNTI/cell-ID) in order to forward the RRC messages to it.

One argument from companies supporting option c is that we don’t need to change the IAB node address upon re-establishment. However, we don’t have such an agreement yet. Even if that was the case, we still need to update the mapping table to associate the IAB node address with the new C-RNTI. 

	Intel
	b or c
	Agree with Futurewei that ultimately any identification of the next hop has to translate to C-RNTI + cell ID. The BAP address also serves this purpose.

	Sony
	b or c
	Agree with Intel

	NEC
	B
	Agree with HW

	ITRI
	c
	Agree with LG. 


 Summary:
There is no clear preference among the 3 solutions. Four companies choose option a, three companies choose option b, three companies choose option c (BAP identifier), and 4 companies choose option b or c. A compromise could be to go for option c, as the companies supporting a or b are either neutral or partially supportive of solution c. 
Proposal 1: The BAP address of the next hop node to be used as the next hop identifier for the downstream.


2.2	Remaining issues related to Routing 
For the downstream routing, there seems to be a consensus among companies about the size of the BAP routing ID and how the packets will be routed along the path to a destination IAB node. However, to clarify the confusions observed during RAN2#107 discussion, we illustrate an example of IAB topology (shown in figure1) with two IAB-donor DUs under the same IAB-donor-CU. Furthermore, we assume that the IAB-donor-CU configured the following four downstream paths for IAB node 4 via IAB-donor-DU1 and IAB-donor-DU2, respectively:
Path 1: IAB-donor-DU 1IAB node 1IAB node 4 
Path 2: IAB-donor-DU 1IAB node 2IAB node 4 
Path 3: IAB-donor-DU 2IAB node 2IAB node 4
Path 4: IAB-donor-DU 2IAB node 3IAB node 4

			Figure 1: An example of IAB topology
Since RAN2 already agreed that BAP routing ID (i.e. BAP address and BAP path ID) will be unique within an IAB-donor CU, a unique BAP routing ID such as IAB4-Px can be assigned to each path toward IAB-node 4, where IAB4 denotes the BAP address while Px indicates the path ID with x=1,2,3,4 for path 1,2,3,4, respectively. The IAB-donor-CU can then configure the BAP of IAB-donor-DU1 with a mapping of upper layer information (FFS) to IAB4-P1 and IAB4-P2, while the IAB-donor-CU can configure the BAP of the IAB-donor-DU2 with a mapping of upper layer information (FFS) to IAB4-P3 and IAB4-P4. Later, when the IAB-donor-DU1 receives packets from IAB-donor-CU for destination IAB-node IAB4, the IAB-donor-DU1 will add a BAP header including BAP routing ID based on the configured mapping. Similar actions will be taken by the IAB-donor-DU2 when it receives packets from IAB-donor-CU destined for IAB4. The intermediate IAB nodes, such as IAB node 1 and IAB node 2 will simply forward the packets using their routing tables. From this example, we observe that the combination of BAP address and BAP path ID is unique within the network under the IAB-donor-CU, but the BAP path ID is unique only for IAB node 4. In other words, same path IDs (P1, P2, P3, and P4) can be used for paths towards other IAB nodes in the network. 
Some companies have the viewpoint that the same BAP routing ID can be assigned/used for paths from different IAB-donor Dus (under the same IAB-donor-CU) toward a destination IAB node when the paths do not have common link(s). For instance, in the above example, path 3 does not have common link with path 1, hence, P1 can be reused as BAP path ID for path 3. Similarly, path 4 does not have common link with both path 1 and path2, thus, P1 or P2 can be reused as BAP path ID for path 4. 
[bookmark: _GoBack]For the upstream routing, there seems to be a split among companies whether to use the source address or destination address based mechanism. The rationale for source based address routing in the upstream is to use the same size of path ID field in upstream/downstream and to provide more information to the intermediate nodes about the source of the packets which can be utilized for optimized packet handling in the future. For example, packets originating from distant IAB nodes (in terms of number of hops) can be given a higher priority than those from nearby ones. While the rationale for destination address in upstream is to follow the same approach (i.e. unified solution of destination based routing) as for the downstream. However, for the destination address based routing, some companies proposed splitting the BAP routing ID field between BAP address and BAP path ID subfields differently for the upstream and downstream routing since more paths will terminate at IAB-donor nodes (upstream case) than at access IAB-node (downstream case).
To better understand the whole concept of routing for IAB network, companies are invited to provide their views for the following set of questions:
Question 2a: What should be the size of BAP routing ID (i.e. BAP address + BAP path ID)?
a) 12 bits
b) 16 bits
c) 20 bits
d) 24 bits
	Company
	Option
	Any motivation for the proposed option

	Huawei, HiSilicon
	from 9 to 14 bits
	It is about 16 bits based on our analyses in R2-1910325, which is based on the assumption IAB supporting 1024 IAB nodes within one donor CU. If RAN2 decides to support less IAB nodes, the size of routing ID can be reduced.

Also, it can be assumed that the BAP header includes routing ID, several R bits and 1 bit control/data PDU indication. It is straight forward to assume the BAP header is two bytes. Therefore, the routing ID size should be from 9 (assuming 6 R bits and 1 C/D bit) to 14 (assuming 1 R bits and 1 C/D bit) bits. Otherwise, it would cause unnecessary padding bits in the BAP header.

Therefore, we propose to adopt one value from 9 to 14 for routing ID size, pending on the assumption of number of IAB nodes. 

	QC
	a)
	As the chairman pointed out, a few bits more a less doesn’t make a difference. We therefore may not go for the best optimized reuse of path IDs but just do some rough estimate on an upper bound:

For 100 IAB-nodes underneath a donor with 10paths per node we need 1000 path IDs = 10 bits. Therefore, 12 bits should be fine. For upstream, we need less since there are only a few addresses and the routes all converge on the same path. 

The actual number of bits needs to be adjusted to full bytes and depends on the number of control bits we want to include.



	LG
	14 bits or more
	Basically this depends on how big networks are considered in Rel-16 IAB. We think that supporting 1024 IAB nodes under one IAB donor CU is enough for starting point. This means that at least 10 bits should be allocated for BAP address in BAP routing ID. 
Another point is the possible maximum number of hops between the IAB donor DU and the access IAB node. If the maximum number of hops is 5 and each IAB node has two parents, there could be 2^5 paths and 5 bits may be needed for BAP path ID. However, we think that this is aggressive assumption and 4 bits are sufficient for BAP path ID for downstream as starting point. 
Byte alignment of BAP header is also considered. As explained above, we think that 14 bits are good starting point for BAP routing ID (i.e. BAP address + BAP path ID) and it is suitable for two bytes of BAP header. However, if the bigger size of BAP routing ID is considered for future proof, this should be limited to three bytes of BAP header. 

	KDDI
	For Rel-16, 7bits
	For Rel-16, 7bits is enough for us, assuming 32 IAB nodes (5bit) and 4 path ids (2bit). However we should design BAP layer so that we can have more bits in later release.

	Nokia, Nokia Shanghai Bell
	b
	This would mean we would then have a third byte, e.g., for the indication of D/C bit etc.

	AT&T
	b
	

	CATT
	b
	This is about deployment scenarios. In our understanding for Rel-16 IAB 12 or 16 bits for routing id is OK. 

	OMESH
	a
	If it is assumed that one CU shall support 1024 IAB nodes, 12 bits routing ID shall be enough. It may be better to discuss the length and components of BAP header first.

	ZTE
	a
	Actually, it depends on how large is the IAB network, and how many hops should be support in Rel-16. Taking into account the byte alignment, it would be better to support 14 bit BAP routing ID, which make room for more control bit or reserved bit.

	Samsung
	b
	Based on our analysis included in R2-1905063, 8 bits is enough in our opinion for the path ID assuming unique path ID is needed per CU. If path ID only needs to be unique per destination (which seems to us to be the case), then 4 bits is more than enough. For BAP address, we think 10 bits is enough, so we propose 16 bits for the routing id. (This does not take into account the BAP header or any BAP CEs.)

	Futurewei
	No strong preference between a & b
	We agree with QC in that we don’t see a good reason to try and optimize the size of the BAP routing ID down to the last bit.
Several companies have indicated a preference for 12 bits to 14 bits. We think this range is reasonable.
We are also open to discuss ideas such as proposed by Huawei above (e.g. allow 2 bytes for the BAP header, and reserve several bits for other purposes). As such, perhaps it would be worth while to agree a WA of 2 bytes for the BAP header, and then go directly to discussing the stage 3 details for the header structure.

	Ericsson
	a or b
	If a, then the BAP header length can be kept to 2 bytes. If b, then the BAP header length needs to become 3 bytes (to include additional info such as Control PDU identification, reserved bits for future use, etc.)

	Intel
	a or b
	

	Sony
	a or b
	

	NEC
	a or b
	

	ITRI
	b
	Assuming a 5-layer IAB topology, a CU supports 1024 IAB-nodes.  Then each parent node serves 4 children in average, and at most 2^12 paths in the IAB topology. That would require a 22-bit BAP routing ID to uniquely identify a route in the downlink. 
For a 3-layer IAB topology, a CU supports 100 IAB-nodes, 7-bit BAP routing ID can uniquely identify a route in the IAB network.
The length of BAP routing ID depends on the size of an IAB network. We would like to keep the size of BAP routing ID less than or equal to 16 bits. 


 Summary:
Again, there is a split among companies for option a and option b and even some companies opted for 14 bits. Based on the comments, we propose the following:
[bookmark: _Hlk21619928]Proposal 2: BAP header to be 2 bytes long, with 12 to 14 bits (TBD) routing ID, and at least one R bit, and 1 C/D bit. FFS additional flag(s)/field(s) needs to be included in the BAP header for other functional requirements and more than 2 bytes are required for the BAP header.



[bookmark: _Hlk19094196]Question 2b: Should the split of BAP routing ID bits between BAP address and BAP path ID be fixed (predefined) or flexible (vary based on deployment scenario), and if fixed, how many bits are required for the path ID?
a) Flexible
b) Fixed, path ID = 2 bits
c) Fixed, path ID= 3 bits
d) Fixed, path ID= 4 bits
e) Other(s) 
	Company
	Option
	Any motivation for the proposed option

	Huawei, HiSilicon
	e: fixed, but size is TBD
	The routing ID size should be pre-defined, rather than configurable/flexible;

Assuming the IAB network has the maximum hops number 4, and each IAB node connects to no more than 2 parent node, 2^3 paths may exist between each pair of destination and source node. Also, assuming RAN2 agrees to support the number of IAB nodes is 2^X, the number of IAB donor DUs is 2^Y, in one donor CU, we have the following estimation:
Case1: If BAP address and path ID have the different size for upstream and downstream, BAP address size is X and path ID size is Y+3 for downstream, and BAP address size is Y and path ID size is X+3 for upstream. As to the path ID size calculation, it means that the 8 paths are allowed per pair of destination and source node. For example, supporting 4 donor Dus, 128 nodes, it requires 7 bits BAP address and  5 bits path ID for downstream and 2 bits BAP address and 10 bits path ID for upstream. 

Case2: If BAP address and path ID have the same size for upstream and downstream cases, the BAP address and path ID size would be the maximum value between upstream and downstream, i.e. BAP address size is max (X, Y) and path ID size is max(X+3, Y+3). For example, supporting 4 donor Dus, 128 nodes, it requires 7 bits BAP address and 10 bits path ID.

In the above analyses, the controversial part is path ID size for upstream. Some companies think the path ID does not have to be unique per destination node, i.e. as long as two paths have no shared node/link, they can be assigned with the same path ID. If that is the case, the size of path ID can be reduced according to the realistic topology. Then, the path ID size can be α*(Y+3) for downstream, and α*(X+3) for upstream in case 1; path ID size is α*max(X+3, Y+3) in case 2, where α is the ratio of path ID to be used in practice, 0< α< 1. Note that α is only for the discussion, we will not specify or configure this parameter.

In summary, assuming α is 0.6, the practice routing ID size could be as following:

	
	Case1
	Case2

	α
	0.6
	0.6

	Number of donor DU (2^Y)
	4
	4

	Number of IAB nodes (2^X)
	128
	128

	BAP address size
	2 bits for upstream and 7 bits for downstream;
	7

	Path ID size
	6 bits for upstream and 3 bits for downstream;
	6

	Routing ID size
	8~10
	13




	QC
	Fixed split, path ID = 4 bits


	First of all: We do not want to unnecessarily complicate Rel-16 IAB. RAN3 has not even discussed multi-connectivity while RAN2 quarrels over the size of the path ID. In typical deployments we have 1-2 BH hops with may be two paths to a node. Setting a small fixed value in downstream direction is fine. In upstream direction, same logic applies! Rounding to the full byte will determine the actual length. 

	LG
	d/e
	As explained in Question 2a, we think that 4 bits for path ID is good for starting point. Other size may be also considered, but the size should be fixed. 

	KDDI
	For Rel-16,
a)	Fixed, path ID = 2 bits
	However we should design BAP layer so that we can have more bits in later release.

	Nokia, Nokia Shanghai Bell
	b
	We think 2 bits path ID could suffice but 3 or 4 bits could similarly apply.

	AT&T
	c or d
	3 or 4 bits for a more future-proof design

	CATT
	Agree with AT&T
	

	OMESH
	e
	Given that multi-path routing can be implemented within BAP routing table and BAP address (e.g., without Path ID). We consider the Path ID gives the CU a global load balancing tool. In this case, we assume the number of bits shall be decided by the number of Dus that a CU shall support. E.g., giving one path ID for every DU?

Either way, we consider a Path ID can identify multiple groups of paths.


	ZTE
	e, fixed but with a 8 bit path ID
	BAP routing ID split should be fixed. Considering the network topology with multiple hops and redundant links, it would be better to design a larger path ID size to identify paths to a same destination BAP address. 
For example, in a 3-hop IAB network where each hop has 2 alternative links to the next hop, 8 different paths could be configured. Hence, for a IAB network with n hops, about n bits are needed in path ID.

	Samsung
	d
	We see no need for variable split of the routing ID field; this would cause complexity and require additional bits/flag to indicate the split being used.

	Futurewei
	It depends …
	We think that 4 bits should be sufficient as a maximum for the Path ID. But we have some concern that if agree on the size of the BAP routing ID as being in the lower range of the options discussed (e.g. 12 bits), that having a fixed partition between BAP address and BAP path ID may be limiting the flexibility of deployments.
On the other hand, leaving the partition flexible would require additional work for configuration, as well as introduce the possibility of addressing error cases (inconsistent configurations).
As such we have a slight preference for a fixed partition, but would prefer to postpone the decision until we have reached a conclusion for Question 2a.

	Ericsson
	
	As futurewei has pointed out, the decision for this depends on how long the total routing ID is (i.e. agreement on Question 2a).

	Intel
	c or d (fixed with 3 or 4 bits for path ID)
	

	Sony 
	d
	

	NEC
	D
	It seems 2 or 3 bits are too less to identify the route. 

	ITRI
	c/d
	We think 3 bits should be sufficient, 4 bits would be good for extensibility.


 Summary: 
A clear majority opted for the fixed split routing ID (i.e., between BAP address and BAP path ID). However, there is no clear preference for the size of the path ID subfield. Based on the received input, we propose the following:  

Proposal 3: The BAP address and BAP path ID sub-fields of the BAP routing ID to be fixed/predefined. For Rel-16 downstream routing, if RAN2 decided 12 bits for routing ID, the path ID to be 3 bits. While if RAN2 decided 14 bits for routing ID, the path ID to be 4 bits.

Question 2c: Should a path ID for a given IAB-node be always unique, even if it doesn’t have a common link/hop with other paths (i.e. disjoint)?
a) Yes 
b) No (same path ID can be used for disjoint paths) 
c) Up to network implementation
	Company
	Option
	Any motivation for the proposed option

	Huawei, HiSilicon
	a/b
	We could assume option a) for future proof.
The compromised is option b), with the assumption that door will allocate different path IDs if one path have a common link/hop with other paths.

	QC
	b
	There is no technical reason to dictate uniqueness of path IDs for disjoint or non-diverging/crossing paths. Therefore, we should not invent unnecessary restrictions.

	LG
	b/c
	We think that option a) requires much larger size of path ID than option b) and the bigger IAB networks the larger size of path ID. Thus, we prefer option b) and also think that how to allocate and manage path ID is up to network implementation. 

	KDDI
	b
	We share the view with QC.

	Nokia, Nokia Shanghai Bell
	c
	Unique may be easier in topology adaptation case, but option c gives the freedom to operator to use either option on case by case basis.

	AT&T
	b 
	For a given size of path ID field, option a imposes an absolute limit on the number of paths that can exist. For the same path ID size, option b can support a larger number of paths when there are disjoint paths in the network.

	CATT
	b
	It seems possible to use same ID for two paths that do not overlap with each other. This is up to Donor.

	OMESH
	b
	

	ZTE
	b
	It is feasible to use same ID for disjoint path since no confusion for the packet routing. 

	Samsung
	b
	We essentially agree with QC that this question introduces unnecessary restrictions and is therefore difficult to answer (since answering would imply we agree with the assumptions behind the question). So long as path ID is unique per destination, paths that overlap can have the same ID, so long as they do not lead to the same destination (for the DL). It’s the routing ID (combination of destination address and path ID) that needs to be unique per CU, and not the path ID.

For us, the problem would arise if you had paths that partly overlap and then from some point diverge, and which are destined for the same destination (on the DL) or come from the same source (on the UL). In that case we could not indicate in the routing table different next hop nodes for those paths from the point of divergence if they had the same path ID. But so long as the path ID is unique per destination (DL) or source (UL), we see no issues.

	Futurewei
	c
	It is not clear how any policy (e.g. a or b) could be enforced in the standard. Therefore, it seems logical that it should be left up to network implementation, and the that network needs to ensure that there is no confusion (e.g. Path ID is unique, or in worst case disjoint)

	Ericsson
	b/c
	Network should ensure that there will be no confusion regarding on how to route a packet. 

	Intel
	b
	Note however that path IDs for two paths with same source and destination have to be distinct even if one link is shared between the two paths. 

	Sony
	b
	Share Intel view

	NEC
	B
	The path ID is only unique with the same destination pair, namely disjoint path can use the same path ID

	ITRI
	b/c
	While BAP routing ID is unique within an IAB network, an IAB-node can differentiate routes even the path ID is not unique. 


 Summary: 
Most of the companies prefer to have the option of using the same path ID for disjoint paths to a given destination IAB node and that network has to ensure that there is no confusion, i.e., not to assign the same path ID to paths (for a destination node) sharing link(s). Based on the comments, we propose the following: 

Proposal 4: The same path ID can be assigned to disjoint paths for a given destination IAB node. The network has to ensure that there is no path confusion.


Question 2d: What routing scheme should be used for the upstream routing?
a) Source address based routing
b) Destination address based routing, with the same split between BAP address and path ID as in the downstream
c) Destination address based routing with different split between BAP address and path ID compared to the downstream (if answering c, please comment on the number of bits for the path ID)
	Company
	Option
	Any motivation for the proposed option

	Huawei, HiSilicon
	c
	This options could support more IAB nodes and more complicated topology with the same routing ID size compared to option b. Please see our analyses in Question 2b.

	QC
	B or C
	Source-based routing is an expression used in IP which does not apply at all in this context. Either b or c do the job.

	LG
	b/c
	We think that option b or c should be on the table for further discussion and detail design. Of course, different aspects can be considered for upstream routing, but basic routing policy, i.e., based on destination address, should be kept. 

	KDDI
	b/c
	We share the view with LG.

	Nokia, Nokia Shanghai Bell
	c
	Instead of BAP address, for upstream we’re considering Donor CU ID + path ID from which the Donor CU ID field could take 5 bits.

The source address-based routing may not work with BAP control PDUs or if in the future the destination might not not be donor CU/DU.

	AT&T
	b or c
	There is some merit to arguments that for some topologies the upstream may require a larger path ID size compared to downstream.

	CATT
	b or c
	It seems upstream and downstream can be configured separately, so b and c seem both possible setup. 
We do not see a need to further have a. 

	OMESH
	B or c
	

	ZTE
	c
	8-bit or a larger-size path ID in a separate field should be used.

	Samsung
	a
	We think that for upstream, the BAP address in the BAP route ID should be the BAP address of the source IAB node. If this is what you refer to as the “Source address based routing”, then our answer is a).

	Futurewei
	c or a
	In our understanding, the discussion during the meeting about possible ambiguity of paths (mentioned in the introduction of 2.2) was related to the UL, and not the DL. The reason, as we understand it, was that in the UL direction the destinations (unique BAP addresses) would be far fewer than in the DL direction. Whereas, the opportunity for confusion or paths from different IAB nodes could be significantly increased.
Therefore, a solution should provide a suitable mechanism to avoid such confusion. Option c (increasing the size of the Path ID compared to the size of the BAP address) seems to be a reasonable approach.
[bookmark: _Hlk21358032]Option a (Source address based routing) also seems feasible. The requirement is of course that the routing table for the upstream direction be addressed using the source rather than destination address, so that the egress path of the packet can be unambiguously identified.

	Ericsson
	a
	Destination based routing for the UL has the following shortcomings:
· As there are more paths but few destination nodes (i.e. donor DUs) in the UL, different split of the path ID and the destination node is required for the UL and DL.
· Different mapping tables for the UL and DL required.

Using a source address based routing for the UL will mitigate the above issues. On top of that, source address based routing has the additional benefit that it can be used in the future for optimized packet handling. For example, with destination based addressing, intermediate nodes won’t be able to differentiate packets coming from IAB nodes that are several hops away as compared to those coming from few hops away, and thus won’t be able to apply different behavior (e.g. prioritize the ones that are coming from IAB nodes that are multiple hops away).

	Intel
	c
	We would prefer to keep the same routing principles as downstream; and it seems clear that path ID size needs to be larger for upstream.

	Sony
	b or c
	Agree with LG.

	NEC
	b or c
	We think destination address is the final purpose of routing, so all the design and scheme should be based on the destination. 

	ITRI
	b/c
	


 Summary: 
A clear majority of the companies opted for destination address based routing for the upstream routing. There is no clear preference whether the routing ID split between the BAP address and path ID for the upstream routing be the same as for the downstream routing or different. However, most of the companies agree that the path ID size for the upstream routing needs to be larger than the size for the downstream routing. Considering the companies input, we propose the following:
Proposal 5: For the upstream routing, the destination node routing ID to be used. (TBD: size/split of the BAP address and BAP path ID for the UL).




Question 2e: Any other comment(s)?
	Company
	Comment

	QC
	We should swiftly converge on a simple solution for BAP routing. The routes will be short. We have only limited redundancy. The number of IAB-nodes is very small !

	OMESH
	We think the routing architecture shall support reasonable size of IAB-nodes supported by a CU. There is a lot of redundancy considering actual deployment scenarios, and the coverage per IAB. We do not agree that very small number of nodes and small number of hops will make the IAB solution useful.


 Summary:

3. Summary
From the company’s comments, there seems to be no clear preference for any of the proposed options given for the issues covered in this email discussion. However, to make progress, we need to converge on solution(s) acceptable to all companies. In this spirit, we propose the following:
Proposal 1: The BAP address of the next hop node to be used as the next hop identifier for the downstream.
Proposal 2: BAP header to be 2 bytes long, with 12 to 14 bits (TBD) routing ID, and at least one R bit, and 1 C/D bit. FFS additional flag(s)/field(s) needs to be included in the BAP header for other functional requirements and more than 2 bytes are required for the BAP header.
Proposal 3: The BAP address and BAP path ID sub-fields of the BAP routing ID to be fixed/predefined. For Rel-16 downstream routing, if RAN2 decided 12 bits for routing ID, the path ID to be 3 bits. While if RAN2 decided 14 bits for routing ID, the path ID to be 4 bits.
Proposal 4: The same path ID can be assigned to disjoint paths for a given destination IAB node. The network has to ensure that there is no path confusion.
Proposal 5: For the upstream routing, the destination node routing ID to be used. (TBD: size/split of the BAP address and BAP path ID for the UL).
4. Annex
R2-1910039	Further details of BAP header and routing	Nokia, Nokia Shanghai Bell discussion Rel-16	NR_IAB-Core
Proposal 1: Path identifier is assigned by the Donor CU and is used to distinguish various paths to reach a certain IAB node. The length of the field is 2 bits.
Proposal 2: Destination IAB node address is an arbitrary identifier assigned by the Donor-CU. The field length should be 14 bits.
Proposal 3: Path ID field is always present in the BAP header. In single path scenario, it indicates a default path (e.g. the field is set to ‘00’).
Proposal 4: In UL direction, routing is based on Donor CU ID and Path ID.
Proposal 5: Donor CU ID has a length of 5 bits.
Proposal 6: Local routing in normal network conditions (i.e. outside of BH RLF scenario) is not supported.
Proposal 7: In case the path indicated with Path ID is not available (e.g. due to BH RLF), the IAB node routes the traffic to the highest priority path among the available ones for the packet’s destination. If the highest priority is associated to more than one path, it is up to IAB node to choose how to route the traffic (it may also choose to balance the load between them).
R2-1910325	BAP routing ID design for IAB routing Huawei, HiSilicon discussion	Rel-16	NR_IAB-Core
DISCUSSION on Routing IDs 2 tdocs above
· ZTE also think path ID shall be unique and think in the intermediate nodes there is only the destination ID. ZTE also want to point out that DU ID is 36 bits
· QC think the path ID doesn’t have to be unique in the network, only unique in a certain routing table. QC don’t see a reason to have the src address.
· Huawei think even if path id is unique per destination it will be large.
· CATT think the path ID need to be unique under the same donor as long as the path don’t overlap.
· QC think we only need path ID per destination. Paths will merge from different sources, but it is not a problem.
· LG think it will be difficult to coordinate configurations such that same set of path IDs is used on all hops.
· Futureway think we need quite many path ids, maybe unique.
· KDDI think we need to have assumption how many IAB nodes we will have. Huawei assumed worst case 1000 IAB nodes.
· Chair think now everyone is on the same page (roughly) and we can decide next meeting

R2-1910040 Next IAB hop identification	Nokia, Nokia Shanghai Bell	discussion	Rel-16	NR_IAB-Core
· Noted
R2-1910186 Egress link identification	Samsung Electronics GmbH	discussion
· Noted
R2-1910482 Next hop Identifier for Packet Forwarding in IAB Networks	Ericsson	discussion	Rel-16	NR_IAB-Core
· Noted
R2-1910326 Next hop ID design for IAB routing	Huawei, HiSilicon	discussion	Rel-16	NR_IAB-Core
· Noted

	               DISCUSSION 4 tdocs above
- 	Samsung wonder if we need a channel address as well in the Nokia proposal. 
- 	Huawei would be ok with the nokia p1. LG also support. 
- 	Ericsson think we don’t need this. F1 identifier could do the job. Futurwei wonders for the upstream, Ericsson think cell group id can be used (MCG, SCG). 
- 	CATT think that payload size is different for the different proposals. 
- 	LG think cell group id is agreeable for UL. 
- 	Futureway think the Nokia P1 should be agreed. 
- 	Huawei think that also F1-AP ID change at reestablishment. LG think if there is multiple CUs, the F1-AP id maybe is not known to both parents in a DC configuration. 
- 	Nokia think that their proposal is more future proof. 
- 	KDDI support the Ericsson proposal. 
- 	Chair: we postpone decision on DL to later
For upstream, Cell group ID is used to identify next hop/egress link. For downstream FFS.
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