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1. Introduction

Several proposals are achieved based on the [106#46] [IAB] Low-latency scheduling [1]. In addition, the following was agreed in RAN2#107.

· R2 assumes that any new triggering rules are only introduced for pre-emptive BSR, i.e. SR triggering is then governed by NR Rel-15 baseline (pre-emptive BSR = regular BSR from SR triggering point of view).

· R2 assumes that Both types of triggers for pre-emptive BSR that were discussed (1. based on UL grants provided to child nodes and/or UEs, and 2. based on BSRs from child nodes or UEs) can be supported for IAB Rel-16 operation. FFS what details need to be specified?
However, some questions are still not clear. In this contribution, we further analyse the UL scheduling latency.

2. Discussion
In legacy, the MT part of an IAB-node only requests uplink resources for the UL data transmission after it actually has received the data, i.e. BSR triggering condition is related to UL data arrival. If this behavior is applied to the multi-hop network, the delays are likely to accumulate due to number of hops. Currently, RAN2 agreed that uplink resource request at an IAB-node can be initiated based on data that is expected to arrive. This would enable the IAB-node to obtain the uplink resource prior to actual data reception from its child IAB-node or a UE that it serves.
We think that an IAB node should be able to distinguish between a regular buffer status (representing the actual data in the buffer) and an ‘early’ buffer status indicating data which is expected to be received. This allows a parent IAB node to perform the corresponding UL scheduling accordingly, i.e. avoiding a situation where UL grant is received before the data is available for transmission.

Proposal 1: ‘early’ buffer status indicating data which is expected to be received shall be distinguishable from a regular BSR indicating the actual data available for transmission.
If proposal 1 is agreed, that means the legacy BSR MAC CE is not sufficient. There are two potential ways as follows.

· Option 1: New early BSR MAC CE
· This new BSR MAC CE is dedicated for ‘early’ buffer status. That means there are two separate BSR between regular buffer status and ‘early’ buffer status.

· Option 2: Modified BSR MAC CE
· Early buffer size for expected data is also included in the legacy BSR MAC CE. The figure1 as an example aims to illustrate one possible modified BSR MAC CE based on legacy long BSR MAC CE.
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Figure 1: modified Long BSR MAC CE
From specification effort point of view, there is an independent section to specify the early BSR for option1. If option2 is agreed, the legacy description for legacy BSR need to be updated. So, the option1 could be simpler comparing to the option2.
Proposal 2: Separate BSR MAC CE between regular buffer status and ‘early’ buffer status should be supported.
It is possible that parent IAB node receives multiple BSRs from different UE(s) or child IAB node(s) since there are many UEs or child IAB nodes served by one parent IAB node. The question is how to handle the multiple BSR from different UE(s) or child IAB node(s) prior to MAC PDU assembly. Since the many-to-one mapping will be applied to IAB system, which means the ingress bearer from different UE or child IAB node could be mapped to one egress LCH. Therefore, one ‘early BSR’ can indicate buffer status information from multiple UE(s) and/or IAB node(s).
Proposal 3: One ‘early BSR’ can indicate buffer status information from multiple UE(s) and/or IAB node(s).
In order to enable efficient scheduling of uplink transmissions by having a closer match of uplink transmission parameters (including numerology and PUSCH transmission duration) for the first PUSCH transmission, Rel-15 NR supports an early indication to the gNB of the type of traffic on the logical channel(s) triggering the SR, through the use of multiple, single-bit SR configurations. An SR configuration consists of a set of PUCCH resources for SR across different Bandwidth Parts (BWP) and serving cells. For a logical channel, at most one PUCCH resource for dedicated SR is configured per BWP. Each logical channel may be mapped to zero or one SR configuration, which is configured by Radio Resource Control (RRC). Since the whole purpose of introducing the concept of an “early BSR” is the reduction of latency for multi-hop scheduling, we think it’s evident that the NR Rel-15 SR configuration principle should be also reused for IAB nodes, i.e. specify the logical channel an IAB node considers as the logical channel that triggered an early BSR for the selection of the SR resources/configuration. When leaving the SR configuration selection up to UE implementation it’s not ensured that the allocated PUSCH resources from the parent IAB node match the LCH requirements of the data to be transmitted from the IAB node.  
We think that one simple straight forward solution would be that the IAB node considers the logical channel that triggered an early BSR as the highest priority logical channel among the logical channels belonging to a LCG that is expected to have data available for transmission, e.g. based on a received BSR, at the time the early BSR is triggered. For example in case a received BSR (e.g. from the child IAB node) indicates that there is data available for transmission in LCG#1, LCG#2 and LCG#3, then the IAB node considers that the highest priority logical channel among the logical channels mapped to LCG#1, LCG#2 and LCG#3 as the logical channel triggering the “early BSR” for the purpose of SR triggering/sending, i.e. determining on which PUCCH resource the SR for an triggered early BSR is sent. The assumption is as for Rel-15 NR that LCHs grouped in a LCG have the same/similar priority and LCH restrictions since BSR reporting is done on a LCG level.

Proposal 4: IAB node considers the LCH that triggered an “early BSR” as the highest priority LCH among the LCH(s) belonging to a LCG that is expected to have data available for transmission, i.e. based on a received BSR from the child IAB node.

A new SR trigger was introduced for NR Rel-15 to deal with situations where a BSR including the buffer information of a time-critical service like URLLC cannot be transmitted fast enough via the available UL-SCH resources, which was scheduled for an eMBB transmission, thereby rendering a fast allocation of resources for the URLLC data by the gNB impossible. In order to avoid the situation that a SR for a low latency LCH may not be triggered due to having been allocated a PUSCH resource with a considerable scheduling delay “K2” or a long PUSCH transmission duration, it was agreed for NR Rel-15 that SR is also triggered for cases when the MAC entity is in possession of an UL-SCH resource that results in higher latency or transmission duration.

	The MAC entity shall:

1>
if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

[…]

2>
if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:

3>
if there is no UL-SCH resource available for a new transmission; or

3>
if the MAC entity is configured with configured uplink grant(s) and the Regular BSR was triggered for a logical channel for which logicalChannelSR-Mask is set to false; or

3>
if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see subclause 5.4.3.1) configured for the logical channel that triggered the BSR:
4>
trigger a Scheduling Request.


Assuming that a multi-hop IAB scenario may not be used for the transmission of very time-critical data such a URLLC service, we think that the MAC entity of an IAB node considers that UL-SCH resources available for a new transmission always meet the LCP mapping restrictions (see subclause 5.4.3.1 of TS38.321) configured for the logical channel that triggered an early BSR. As a consequence an IAB node should not trigger a Scheduling Request in case an early BSR was triggered at the MAC entity of the  IAB node and UL-SCH resources are available for a new transmission. 
Proposal 5: The MAC entity of an IAB node shall not trigger a Scheduling Request in case an “early BSR” was triggered and UL-SCH resources are available for a new transmission, i.e. MT of IAB node always considers that the UL-SCH resources available for a new transmission meet the LCP mapping restrictions configured for the logical channel that triggered the “early BSR”. 
As mentioned above in order to avoid or at least reduce uplink scheduling delays in a multi-hop IAB system, an IAB node may initiate an uplink resource request based on data that is expected to arrive. For example an IAB node may already request uplink resources to its parent IAB node based on a received buffer status report from its child IAB node. However we think that an IAB Node shall be only allowed to request uplink resources to its parent IAB node, e.g. triggering an “early BSR”, based on a received legacy buffer status report, i.e. Long/Short (truncated) BSR. An IAB node shall not be allowed to request uplink resources to its parent IAB node, e.g. triggering an “early BSR”, based on a received “early BSR”. This should avoid the situation where the parent IAB node allocates PUSCH resource before the data has been actually arrived at the IAB node.

Proposal 6:  IAB Node shall be only allowed to transmit an ‘early BSR’ based on a received legacy BSR rather than ‘early BSR’ from child node.

According to Rel-15 specifications, a triggered BSR is cancelled in case the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader. However for IAB we think that a triggered “early BSR” shall not be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader. In this case the early BSR shall remain triggered and send to the parent IAB node in order to indicate the data which is expected to be received.

Proposal 7: A triggered “early BSR” shall not be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader. The early BSR shall remain triggered and send to the parent IAB node in order to indicate the data which is expected to be received.
Conclusion

In this contribution, the following observations and proposals are given based on the discussion:

Proposal 1: ‘early’ buffer status indicating data which is expected to be received shall be distinguishable from a regular BSR indicating the actual data available for transmission.
Proposal 2: Separate BSR MAC CE between regular buffer status and ‘early’ buffer status should be supported.

Proposal 3: One ‘early BSR’ can indicate buffer status information from multiple UE(s) and/or IAB node(s).

Proposal 4: IAB node considers the LCH that triggered an “early BSR” as the highest priority LCH among the LCH(s) belonging to a LCG that is expected to have data available for transmission, i.e. based on a received BSR from the child IAB node.
Proposal 5: The MAC entity of an IAB node shall not trigger a Scheduling Request in case an “early BSR” was triggered and UL-SCH resources are available for a new transmission, i.e. MT of IAB node always considers that the UL-SCH resources available for a new transmission meet the LCP mapping restrictions configured for the logical channel that triggered the “early BSR”. 
Proposal 6:  IAB Node shall be only allowed to transmit an ‘early BSR’ based on a received legacy BSR rather than ‘early BSR’ from child node.

Proposal 7: A triggered “early BSR” shall not be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader. The early BSR shall remain triggered and send to the parent IAB node in order to indicate the data which is expected to be received.
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