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1	Introduction
For an IAB path, there are multiple radio interfaces, comprising one access interface and at least one backhaul interface. A packet to be transmitted in uplink or downlink through the IAB path experiences uplink/downlink radio transmissions in each radio interface. For each uplink data transmission, there is uplink transmission delay according to the SR procedure in Rel-15 in each hop. In order to reduce the uplink transmission delay along an IAB path, certain enhancement to reduce the delay due to SR procedure may be desired. This paper discusses the options to optimize the SR procedure in IAB network by referring to the SR procedure in Rel-15. 
[bookmark: _Ref178064866]2	Discussion
2.1	Uplink Transmission Delay
The uplink scheduling delay was discussed in Section 8.6 of [1]. Below is the brief introduction of uplink scheduling delay for a packet to be transmitted through an IAB path. 
The SR/BSR procedure of Rel-15 is defined in Section 5.4.4 and Section 5.4.5 of 3GPP TS 38.321 V15.4.0. In summary, the uplink data transmission procedure according to Rel-15 procedure looks like:
· Step.1 When new data comes, a regular BSR may be triggered and a SR transmission is initiated to request for an uplink grant(s) for BSR;
· Step.2 Upon the reception of SR from a UE, the gNB may send an initial grant to allow the UE to transmit the regular BSR;
· Step.3 Upon the reception of the UL grant, the UE constructs the MAC PDU with the BSR MAC CE included and transmit the MAC PDU using the UL grant. 
· Step.4 Upon the reception of a BSR from the UE, the gNB sends subsequent UL grants to the UE for the subsequent data transmission(s) according to the received BSR;
· Step.5 Upon the reception of the subsequent UL grants, the UE performs uplink data transmission accordingly.
For an IAB path, there are an access hop and at least one backhaul hop, and the data transmission procedure for a packet at the next hop can only be started when the data transmission procedure is finished in previous hop. This means that a packet sequentially experiences the same uplink transmission procedure at each hop according to Rel-15 SR/BSR procedure. In this way, the total uplink transmission delay in the IAB path is the sum of transmission delay of all these hops. Figure 1 shows the sequential uplink transmissions of all hops along an IAB node for a data packet. Note that the HARQ retransmission procedures are not illustrated in the figure.
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[bookmark: _Ref534633807]Figure 1 Uplink data transmission in IAB path reusing Rel-15 SR/BSR procedure
[bookmark: _Toc12888508]According to Rel-15 SR/BSR procedure, the uplink transmission procedure of a packet (i.e. SR-BSR-data TX) is sequential across hops, i.e. the uplink transmission procedure of a packet at a hop can only be started when the uplink transmission procedure of the packet ends at the previous hop.
[bookmark: _Toc12888509]The total uplink transmission delay of a data packet along an IAB path increases proportionally with the number of hops.
[bookmark: _Toc12888510]SR/BSR procedure enhancement is needed in order for uplink latency reduction in IAB network. 
2.2	Solutions
Uplink latency reduction should be addressed for IAB networks. In RAN2#105bis, it was concluded that BSR triggering based on the expected available data bits can help the uplink latency reduction, that is, cascading uplink data transmission procedures across hops can be achieved by means of earlier SR/BSR triggering than data arrival. In [2], it has been proposed that the SR/BSR triggering based on the expected available data bits is left for IAB implementation and that the parent IAB node handles a received BSR in the same way as in Rel-15. According to the proposed enhanced SR/BSR procedure, an SR can be triggered based on the expected available bits ready for transmission by an IAB node when a responsive UL grant is received, wherein the expected available data bits can be evaluated by an IAB node triggering the BSR. In such way, an IAB node can trigger BSR before the data is actually received.
In addition to SR triggering based on the expected available data bits ready for transmission, the SR transmission can be improved to carry buffer status information. There are the following options:
· Option 1: Buffer status indication using multiple single-bit PUCCH SR resources. There are further the following two alternatives with respect to buffer status indication.
· Option 1.1, multiple single-bit PUCCH SR resources are configured per SR configuration and each PUCCH SR resource corresponds to a respective buffer status level, wherein the buffer status level indicates the number of available bits in the buffer when the SR is transmitted.
· Option 1.2, multiple single-bit PUCCH SR resources are configured per SR configuration and each PUCCH SR resource corresponds to a respective number of expected available bits in the buffer according to the uplink transmissions to be scheduled and/or the received BSR in the previous hop.
· Option 2: buffer status indication using multiple-bit PUCCH SR resource. Similar to Option 1, there are the following two alternatives with respect to buffer status indication.
· Option 2.1 a multiple-bit PUCCH SR resource is configured per SR configuration and each value of the PUCCH SR indicates a respective buffer status, wherein the buffer status indicates the number of available data bits for uplink transmission when the SR is transmitted.
· Option 2.2 a multiple-bit PUCCH SR resource is configured per SR configuration and each value of PUCCH SR indicates a respective buffer status, wherein the buffer status indicates the expected number of available data bits for uplink transmission according to the uplink transmissions to be scheduled and/or the received BSR in the previous hop.
The comparison between the two options are listed in the following table.
	
	Latency reduction
	Standardization change in RRC/MAC 
	Standardization change in PHY
	Buffer status error

	Option 1.1
	Medium: SR TX occurs when there is non-zero buffer size.
	Yes
	No: reuse PUCCH SR format in Rel-15
	Reported buffer status does not consider the data to be received. Grant waste is avoided but large delay is expected.

	Option 1.2
	Large: SR TX occurs when there is non-zero expected buffer size.
	Yes
	No: reuse PUCCH SR format in Rel-15
	Reported buffer status reflects the predicated buffer status. Latency could be reduced at the cost of potential grant waste.

	Option 2.1
	Medium: SR TX occurs when there is non-zero buffer size
	Yes
	Yes: new PUCCH SR to carry multiple bits need to be defined.
	Reported buffer status does not consider the data to be received. Grant waste is avoided but large delay is expected.

	Option 2.2
	Large: SR TX occurs when there is non-zero expected buffer size.
	Yes
	Yes: new PUCCH SR to carry multiple bits need to be defined.
	Reported buffer status reflects the predicated buffer status. Latency could be reduced at the cost of potential grant waste.


Based on the comparison in the above table, Option 1 has similar latency reduction performance as Option 2. However, Option 2 requires new PUCCH SR format to carry multiple bits while Option 1 just reuses the single bit PUCCH SR defined in Rel-15, which means Option 1 requires lower standardization /implementation complexity. 
[bookmark: _Toc12888511]Option 1 and Option 2 have similar latency reduction performance.
[bookmark: _Toc12888512]Option 2 need new PUCCH-SR format while Option 1 does not.
No matter if SR is configured to indicate buffer status of not, the BSR generation and transmission are not expected to be impacted due to the BSR can indicate the buffer status for all the LCGs respectively, which means that the BSR generation and transmission are performed as usual.
Based on the above analysis, we would like to propose the following:
[bookmark: _Toc6474973]In addition to SR/BSR enhancement considering the anticipated available data bits, RAN2 may consider an implicit buffer status indication through the usage of different SR resources.
[bookmark: _Toc6474974]If implicit buffer status indication via SR transmission is adopted, RAN2 support Option 1.1 and/or Option 1.2:
Option 1.1 – multiple SR resources are configured so that each resource points to a buffer range. The SR transmitted by the UE will indicate the buffer range within the current buffer status is.
Option 1.2 - multiple SR resources are configured so that each resource points to a buffer range. The SR transmitted by the UE will indicate the buffer range within the expected buffer status will be.
[bookmark: _Toc6474975]When SR is used to indicate the buffer status, BSR generation and transmission are not impacted.

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	According to Rel-15 SR/BSR procedure, the uplink transmission procedure of a packet (i.e. SR-BSR-data TX) is sequential across hops, i.e. the uplink transmission procedure of a packet at a hop can only be started when the uplink transmission procedure of the packet ends at the previous hop.
Observation 2	The total uplink transmission delay of a data packet along an IAB path increases proportionally with the number of hops.
Observation 3	SR/BSR procedure enhancement is needed in order for uplink latency reduction in IAB network.
Observation 4	Option 1 and Option 2 have similar latency reduction performance.
Observation 5	Option 2 need new PUCCH-SR format while Option 1 does not.
Based on the discussion in the previous sections we propose the following:
Proposal 1	In addition to SR/BSR enhancement considering the anticipated available data bits, RAN2 may consider an implicit buffer status indication through the usage of different SR resources.
Proposal 2	If implicit buffer status indication via SR transmission is adopted, RAN2 support Option 1.1 and/or Option 1.2. Option 1.1 – multiple SR resources are configured so that each resource points to a buffer range. The SR transmitted by the UE will indicate the buffer range within the current buffer status is. Option 1.2 - multiple SR resources are configured so that each resource points to a buffer range. The SR transmitted by the UE will indicate the buffer range within the expected buffer status will be.
Proposal 3	When SR is used to indicate the buffer status, BSR generation and transmission are not impacted.
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