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1 Introduction
In the SI phase, RAN2 has achieved the following agreements in IAB:

	· We go for the consolidated example 1, “adapt above RLC” + “LCID ext”

· We keep LCID extension in the solution description, as this is a method to achieve 1:1 mapping  

· Confirm that UE is not expected to need to implement the LCID extension.

· Only Hop-by-hop ARQ in Rel-16




In this paper, we will discuss the general RLC impacts for the WI phase RLC design.
2 Discussion
2.1 SN length extension

In this section, we discuss whether RLC SN length needs to be extended for IAB node. Before RLC layer analyses, we first note that the PDCP layer is only located at UE side and donor CU side. In IAB network, the PDCP RTT may be increased due to multi-hop. However, in order to guarantee the IAB network is compatible to Rel-15 UE, PDCP layer at UE side specification will not be impacted. Therefore, PDCP SN length extension would not be introduced in IAB.

Observation 1: No need to extend the PDCP SN length in IAB.

Since PDCP SN length is not extended, the RLC SN length will only depend on the RLC layer function design. Note that the maximum RLC RTT, data rate, SDU size and SN size should satisfy the following equality:
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Since the HbH ARQ is agreed for RLC layer of IAB, the maximum RLC RTT doesn’t change in IAB compared with Rel-15 NR. Additionally, SDU size can also be assumed as same with Rel-15 NR. Therefore, the RLC SN length is only related to the data rate. For the BH link, multiple UE bearers could be mapped into one RLC channel. Consequently, the data rate of RLC channel is the sum of the data rate of UE bearer multiplexed in this RLC channel. Especially for the BH link between donor DU and its child node, the data rate of RLC channel is significantly increased. That mean the RLC SN length for BH link should be extended correspondingly.
This principle should be applied to both RLC AM mode and UM mode. Both the reassembly window of RLC UM and the transmitting window of RLC AM are limited by the SN length in order to avoid the desynchronization between transmitting side and receiving side.
Proposal 1: The RLC SN length should be extended for both UM and AM in IAB. 

Based on the above analyses, the number of bits for SN length to be extended depends on the increased data rate on RLC channel. We assume that each IAB node at most has M child nodes, each access IAB node at most has N UEs with a certain QoS and there are at most 4 hops in the IAB network. The bottleneck is BH link between the donor DU and its child node, since it has the highest data rate and most multiplexed UE bearer. There are at most N(1+M+M2+M3) UE bearers with a certain QoS multiplexed in the BH link between donor DU and its child node. Correspondingly, the maximum data rate is multiplied by N(1+M+M2+M3). Therefore, the RLC SN length needs to be extended by log2[N(1+M+M2+M3)]. That means more than log2N+3log2M bits are requested to extend for RLC SN length.
For instance, in an IAB network, if there are 1,000 UEs with a certain QoS for each access IAB node and 16 child node for each parent node, about 22 bits SN length needs to be extended in the worst case.
Note that the number of multiplexed UE bearers on a certain RLC channel could de decreased by LCID extension. Therefore, the sum of LCID length extension and RLC SN length extension would be about 22 bits.

Considering the current RLC PDU format, one and two bytes of RLC SN could be extended. The rest will rely on the LCID extension, e.g. 6 bits to be extended.
In summary, we propose to extend the RLC SN length by one and two bytes. Whether the one byte or two bytes extended RLC SN length to use for a certain BH link is configured by the donor.

Proposal 2: The RLC SN length of 20 bits and 28 bits should be supported for UM in IAB.
Proposal 3: The RLC SN length of 26 bits and 34 bits should be supported for AM in IAB.
The above proposal 2 and 3 has impacts on the RLC specification. Some new RLC PDU formats need to be captured in 38.322 for IAB. We provide the TP in section 5 to implement the impacts to RLC specification.
2.2 RLC functions
Given that the all the RLC channels on each hop, which carries a certain UE bearer, should provide the same QoS profile, e.g. reliability. It is straightforward to configure the same RLC mode for each hop of the same UE’s DRB bearer. As to the SRB1, SRB2 and SRB3, only RLC AM mode can be used for each HB link. However, for SRB0, whether TM mode is only used for the access link or used for both access link and BH link should be discussed.
Proposal 4: RAN2 assume that RLC mode for each hop should be same with the RLC mode of the access BH link for the same UE bearer, except for SRB0.
Another RLC function is the segment and reassembly. Since the ARQ function is HbH, at least for AM, the RLC segment and reassembly function have to be HbH. In order to avoid the RLC SN collision between different hop and to perform the routing function at BAP layer, the RLC segment and reassembly should also be performed HbH.

Proposal 5: RLC segment and reassembly are performed HbH in IAB.
The above proposal 4 and 5 have no impact on the RLC specification.
In NR, PDCP may discard the PDCP SDU when discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to RLC layers. And RLC discard the RLC SDU correspondingly. In IAB architecture, there no PDCP layer in intermediate node for UE bearer. At UE side, the PDCP and RLC SDU discard can be performed as legacy Rel-15. And it is purely UE internal operation. It is not possible for MT to obtain this SDU discard indication from UE, if keep Rel-15 UE compatible. Therefore, the RLC layer at MT can’t support the RLC SDU discard function.
Proposal 6: Doesn't support RLC SDU discard at MT.

This proposal 6 has no impact on the stage 3 RLC operations. Some clarifications on the RLC function description may be needed.
2.3 RLC specification impacts

For the E2E reliability issue in HbH RLC ARQ [1], there are several options relay on RLC layer, where the access IAB node delays the sending of RLC ACKs to UE until a confirmation of reception at IAB donor or at its parent node. If this option is agreed, the receiving side operations of AM RLC entity need to be changed. However, since this issue only occurs in UL, the receiving side of RLC entity locates at DU side of IAB node. One interpretation could be that the DU operations with its child node are not captured in the RLC specification. It is up to DU implementation to solve this issue. Therefore, there is no RLC specification impact to solve the E2E reliability issue in HbH ARQ. However, given that the E2E reliability issue only occurs in UL, there should be some specification impacts on the receiving side of AM RLC entity (e.g. the delaying the RLC ACKs) to guarantee the E2E reliability. Therefore, another interpretation could be that the DU operations should be captured in the RLC specification. RAN2 should clarify the following:
Proposal 7: RAN2 is kindly asked to decide on whether to specify the DU operations for the E2E reliability issue in HbH RLC ARQ, if needed.
In Rel-15 NR, the “upper layer” in RLC specification refers to the PDCP layer for user plane function, and refers to RRC layer for control plane function. In IAB, the difference is “upper layer” may refer to either PDCP layer or BAP layer for user plane function. However, the reference is clear after we finalize the IAB user plane protocol architecture. It can be clarified either by the stage 2 description of L2 structure or by the RLC configuration. There is no need to differentiate whether the upper layer is BAP layer or PDCP layer.
Proposal 8: RLC specification does not differentiate whether the upper layer is BAP layer or PDCP layer.
3 Conclusion
In this document we discuss the general RLC impacts in IAB, and made following proposals:
Observation 1: No need to extend the PDCP SN length in IAB.

Proposal 1: The RLC SN length should be extended for both UM and AM in IAB. 
Proposal 2: The RLC SN length of 20 bits and 28 bits should be supported for UM in IAB.

Proposal 3: The RLC SN length of 26 bits and 34 bits should be supported for AM in IAB.

Proposal 4: RAN2 assume that RLC mode for each hop should be same with the RLC mode of the access BH link for the same UE bearer, except for SRB0.
Proposal 5: RLC segment and reassembly are performed HbH in IAB.
Proposal 6: Doesn't support RLC SDU discard at MT.

Proposal 7: RAN2 is kindly asked to decide on whether to specify the DU operations for the E2E reliability issue in HbH RLC ARQ, if needed.
Proposal 8: RLC specification does not differentiate whether the upper layer is BAP layer or PDCP layer.
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6.2.2.3
UMD PDU

UMD PDU consists of a Data field and an UMD PDU header. The UMD PDU header is byte aligned.

When an UMD PDU contains a complete RLC SDU, the UMD PDU header only contains the SI and R fields.

An UM RLC entity is configured by RRC to use either a 6 bit SN or a 12 bit SN or a 20 bit SN or a 28 bit SN. An UMD PDU header contains the SN field only when the corresponding RLC SDU is segmented. An UMD PDU carrying the first segment of an RLC SDU does not carry the SO field in its header. The length of the SO field is 16 bits.
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Figure 6.2.2.3-1: UMD PDU containing a complete RLC SDU
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Figure 6.2.2.3-2: UMD PDU with 6 bit SN (No SO)
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Figure 6.2.2.3-3: UMD PDU with 12 bit SN (No SO)
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Figure 6.2.2.3-4: UMD PDU with 20 bit SN (No SO)
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Figure 6.2.2.3-5: UMD PDU with 28 bit SN (No SO)
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Figure 6.2.2.3-6: UMD PDU with 6 bit SN and with SO
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Figure 6.2.2.3-7: UMD PDU with 12 bit SN and with SO
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Figure 6.2.2.3-8: UMD PDU with 20 bit SN and with SO
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Figure 6.2.2.3-9: UMD PDU with 28 bit SN and with SO
6.2.2.4
AMD PDU

AMD PDU consists of a Data field and an AMD PDU header. The AMD PDU header is byte aligned.

An AM RLC entity is configured by RRC to use either a 12 bit SN or a 18 bit SN or a 26 bit SN or a 34 bit SN. The length of the AMD PDU header is two and three bytes respectively.

An AMD PDU header contains a D/C, a P, a SI, and a SN. An AMD PDU header contains the SO field only when the Data field consists of an RLC SDU segment which is not the first segment, in which case a 16 bit SO is present.
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Figure 6.2.2.4-1: AMD PDU with 12 bit SN (No SO)
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Figure 6.2.2.4-2: AMD PDU with 18 bit SN (No SO)

[image: image13.emf]SN

SN

R

SN

Oct 3

Oct 4

D/C P SI SN

Data

...

Oct N

Oct 1

Oct 2

R


Figure 6.2.2.4-3: AMD PDU with 26 bit SN (No SO)
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Figure 6.2.2.4-4: AMD PDU with 34 bit SN (No SO)
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Figure 6.2.2.4-5: AMD PDU with 12 bit SN with SO
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Figure 6.2.2.4-6: AMD PDU with 18 bit SN with SO
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Figure 6.2.2.4-7: AMD PDU with 26 bit SN with SO
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Figure 6.2.2.4-8: AMD PDU with 34 bit SN with SO
6.2.2.5
STATUS PDU

STATUS PDU consists of a STATUS PDU payload and an RLC control PDU header.

RLC control PDU header consists of a D/C and a CPT field.

The STATUS PDU payload starts from the first bit following the RLC control PDU header, and it consists of one ACK_SN and one E1, zero or more sets of a NACK_SN, an E1, an E2 and an E3, and possibly a pair of a SOstart and a SOend or a NACK range field for each NACK_SN.
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Figure 6.2.2.5-1: STATUS PDU with 12 bit SN
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Figure 6.2.2.5-2: STATUS PDU with 18 bit SN
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Figure 6.2.2.5-3: STATUS PDU with 26 bit SN
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Figure 6.2.2.5-4: STATUS PDU with 34 bit SN
6.2.3
Parameters

6.2.3.1
General

In the definition of each field in sub clauses 6.2.3.2 to 6.2.3.5, the bits in the parameters are represented in which the first and most significant bit is the left most bit and the last and least significant bit is the rightmost bit. Unless mentioned otherwise, integers are encoded in standard binary encoding for unsigned integers.

6.2.3.2
Data field

Data field elements are mapped to the Data field in the order which they arrive to the RLC entity at the transmitter.

For TMD PDU, UMD PDU and AMD PDU:

-
The granularity of the Data field size is one byte;

-
The maximum Data field size is the maximum size of a PDCP PDU.

For TMD PDU:

-
Only one RLC SDU can be mapped to the Data field of one TMD PDU.

For UMD PDU, and AMD PDU:

-
Either of the following can be mapped to the Data field of one UMD PDU, or AMD PDU:

-
One RLC SDU;

-
One RLC SDU segment.

6.2.3.3
Sequence Number (SN) field

Length: 12 bits or 18 bits or 26 bits or 34 bits (configurable) for AMD PDU. 6 bits or 12 bits or 20 bits or 28 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.

------------------------------------------------------------TP End--------------------------------------------------------------------------
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