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1 Introduction

RAN2 made progress in past few meetings. In general NR design inherits many LTE principles with some modification in stage2 level. However not everything is fixed including some detail which is not touched yet.
2 Discussion
2.1 SL BSR MAC CE design
According to following listed agreements, it could be known what will be included within BSR MAC CE, but it is not clear what does the MAC CE look like.

Agreement in RAN2#105bis:

1, For SL buffer status, reuse the current definition of buffer status as in NR Uu
Agreement in RAN2#106:
2, LCG ID shall be included in the NR SL BSR MAC CE instead of bitmap.

3, NR SL BSR of 5-bit destination index, 3-bit LCG ID and 8-bit buffer size
4, No need to explicitly include cast type information in SL BSR. The UE can report the cast type of each destination in the SidelinkUEInformation.
In NR V2X, Regular SL BSR, Periodic SL BSR and padding SL BSR are defined

5, SL BSR and truncated SL BSR are supported in NR

Agreement in RAN2#107:

6, No other information needs to be included in SL BSR, besides the information already agreed (i.e. 3-bit LCG ID, 5-bit DST Index and 8-bit Buffer Size).
It is desirable to only introduce one format for all kinds triggered BSR including regular BSR, periodic BSR, and Padding BSR. RAN2 also agreed truncated BSR is supported. And the easiest way to truncate BSR is always put BSR associated with lowest LCH priority to the end of BSR MAC CE. LTE MAC spec says “Buffer Sizes of LCGs are included in decreasing order of the highest priority of the sidelink logical channel belonging to the LCG irrespective of the value of the Destination Index field”. If we follow same principle here, then Destination Index will be interleaved with each other. In the following text LCG priority is defined as highest LCH priority belonging to that LCG.
From the listed agreements and above discussion, we can have following BSR MAC CE format:
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Figure2-1  BSR MAC CE format
Because the size of SL BSR is variable and the maximum number is 256*2 BYTE in theory. Therefore MAC sub-header in Figure 6.1.2-1 or Figure 6.1.2-2 in 38.321 should be applied for SL BSR and truncated SL BSR. For truncated BSR, same MAC CE format can be reused. In order to inform that some buffer information is remained not reported, a separate LCID will be indicated for truncated SL BSR. The additional message by padding BSR is that gNB can know that it is triggered by remaining padding bits but not by new arrival data, or expiration of timers or change of transmission mode. Hence a separate LCID is also needed for padding BSR.

Proposal1: BSR MAC CE format in Figure 2-1 is agreed as SL BSR MAC CE format
Propsal1a: MAC subheader in Figure6.1.2-1/2 in 38.321 is applied for SL BSR MAC CE

Proposal1b: Introduce 3 LCIDs for full length BSR, truncated BSR and padding BSR regardless of length. 
2.2 SL BSR trigger and cancellation

RAN2 had following agreement regarding BSR trigger and cancellation:
RAN2#105bis agreements:
1, NR SL BSR triggering condition should be based on LTE V2X at least.

2, NR SL BSR cancelling conditions should be based on LTE V2X at least.

RAN2#106 agreements:
3, All the SL BSR triggers in LTE V2X are adopted for NR V2X SL.
4, As in LTE V2X, all SL BSRs shall be cancelled, if the remaining configured SL grant(s) valid can accommodate all pending data available for transmission in V2X SL communication, or if the MAC entity has no data available for transmission for any of the SL logical channels, or if UE is reconfigured to work from mode-1 to mode-2 (w/o consideration of simultaneous modes).
5, Like NR Uu, all SL BSRs triggered prior to MAC PDU assembly shall be cancelled when a MAC PDU is transmitted and this PDU includes a SL BSR MAC CE (except for Truncated SL BSR)  which contains buffer status up to (and including) the last event that triggered an SL BSR prior to the MAC PDU assembly.
The agreements says “all” triggered SL BSR will be cancelled in case above listed condition is met. But it is not very clear whether padding BSR can cancel regular BSR or periodic BSR. This issue is also related to how many BSR can be contained within one MAC PDU. First of RAN1 has confirmed that resource for retransmission will not rely on BSR/SR scheme. It means SL BSR is only used for initial transmission. Because of this we can also inherit the principle in LTE that A MAC PDU shall contain at most one SL BSR MAC CE, even when multiple events have triggered a SL BSR. The Regular SL BSR and the Periodic SL BSR shall have precedence over the padding BSR.

Proposal2: A MAC PDU shall contain at most one SL BSR MAC CE, even when multiple events have triggered a SL BSR. The Regular SL BSR and the Periodic SL BSR shall have precedence over the padding BSR

If there is only one MAC PDU in UL, it seems impossible that padding SL BSR will be included in the same MAC PDU where truncated SL BSR is also contained. This is because padding SL BSR requires at least 4 BYTE including MAC subheader. If there are such padding bits it would already been taken by truncated SL BSR which supposes to be built ahead of padding SL BSR. So it is only possible to include padding BSR when a full size SL BSR is contained and there is some padding bits available for padding SL BSR. But in this case all triggered BSR will be cancelled once this MAC PDU is transmitted i.e. there is no chance for padding BSR to cancel regular BSR and periodic BSR. So in this release we don’t have to worry about it.

But it is possible that regular/periodic SL BSR and padding SL BSR is included in different MAC PDU in case multiple MAC PDUs can be transmitted when e.g. CA is supported in future release. In this case it is possible that a padding SL BSR may cancel a regular/periodic SL BSR. In LTE spec, padding SL BSR is not allowed to cancel regular/periodic SL BSR. Same principle could be adopted for NR side link. In addition padding SL BSR should be cancelled when any cancellation condition is met for regular/periodic SL BSR or when the MAC PDU containing this padding SL BSR is built. To keep forward compatible we can also follow LTE principle here.
Proposal3: Padding SL BSR is not allowed to cancel regular/periodic SL BSR

Proposal3a: Padding SL BSR is cancelled either when any cancellation condition is met for regular/periodic SL BSR or when the MAC PDU containing it is built.

2.3 SR trigger and cancellation
RAN2#106 meeting agreements:
1, For NR SL, if a Regular SL BSR has been triggered, the SR shall be triggred if either of the following conditions is satisfied:


i) The UE has neither dynamic UL resource allocated for new transmission nor configured UL grant;

ii) The UE has a UL resource allocated for new transmission but the UL resource cannot accommodate the SL BSR MAC CE plus its subheader
RAN2#107 meeting agreements:
2, In case a regular SL BSR has been triggered, whether the available UL-SCH resources can timely transmit the SL BSR and request gNB scheduling of SL grants is taken into account for the SR triggers for NR SL. FFS on the details.
3:
In the case that there are both pending SR(s) triggered by SL BSR(s) and by UL BSR(s), the SR(s) triggered by the SL BSR(s) are NOT cancelled, when an MAC PDU is transmitted in uplink with ONLY an UL BSR included.

4:
All pending SR(s) triggered by SL BSR(s) shall be cancelled, if an UL MAC PDU is transmitted and an SL BSR plus its header is included.

5:
Different from LTE SL, the condition “when the UL grant(s) can accommodate all pending data available for transmission” should NOT be a cancellation condition for the pending SR(s) triggered by SL BSR in NR.
6:
All pending SR(s) triggered by SL BSR(s) shall be cancelled, when the SL grant(s) can accommodate all pending data available for SL transmission
Another FFS point of SL SR. i.e., In case a regular SL BSR has been triggered, the SR triggers for NR SL may take into account whether the available UL-SCH resources can timely transmit the SL BSR and request gNB scheduling of SL grants.

In this issue, the key point is how to specify the rule that judging “whether the available UL-SCH resources can timely transmit the SL BSR and request gNB scheduling of SL grants”.

Looking back at Uu interface, the solution is as follows:

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:

I.e., till Rel-15, the only case where the data in a LCH cannot meet the LCP restriction, is that the data is for URLLC-like traffic, but the grant is for eMBB-like traffic, so due to the LCP restriction like maxPUSCH-Duration. In other words, the specification is checking whether the UL-BSR is to be carried by URLLC-grant or not.

Observation 1 NR UL judging the UL-SCH resource being for URLLC or not based on whether the LCP restriction is meet.

However, that is not feasible for SL, since the data of SL is to be put into SL grant, not into the UL grant which is used to carry SL-BSR only. Considering this, there can be multiple solutions.

Firstly, to check whether there is SL grant available which can carry the SL data. This approach is to mimic the UL solution. However, one key point for the UL solution is that the UL-BSR has to be carried by a URLLC-grant, i.e., no direct relationship with the SL grant, which cannot carry the UL-BSR for network awareness.

Observation 2 SL-grant characteristic is not directly related to the issue here.

Secondly, to check whether there is UL grant available which can carry the SL-BSR.

One proposal is that to check whether the UL grant is within in the latency requirement of SL traffic, which is infeasible because: On the one hand, it is not when the UL grant ends matters (i.e., whether the UL grant can be transmitted before the latency requirement of SL traffic), but the duration of PUSCH matters – which has been adopted by UL traffic as one of the LCP restriction.

Observation 3 UL LCP adopt the PUSCH duration as the LCP restriction, instead of the time point where PUSCH ends.

On the other hand, even if the UL grant can be transmitted before the latency requirement of SL traffic, it does not imply that the SL grant can be provided in time, since the latency requirement in PQI is for the whole end-to-end latency, which further includes the latency for network to do BSR processing, to generate and send the SL grant, and for UE to do SL grant processing and final transmit over sidelink – all of these requires some margin after SL-BSR is transmitted.

Observation 4 After SL-BSR is transmitted, there are further steps for network and UE processing, which causes additional latency and thus should be taken into account as well.

In general, the design has to filter out the case-A below:

A:
UL grant is not capable to carry delay-critical SL-BSR, and SL traffic is delay-critical;

B: 
UL grant is not capable to carry delay-critical SL-BSR, and SL traffic is not delay-critical;

C:
UL grant is capable to carry delay-critical SL-BSR, and SL traffic is delay-critical;

D: 
UL grant is capable to carry delay-critical SL-BSR, and SL traffic is not delay-critical;

For whether SL traffic is delay-critical or not, it can be easily differentiated. The key is PQI is not enough, since PC5-S/-RRC message does not have PQI input from upper layer. Hence, one has to rely on network configuration, e.g., a tag for a specific LCH, to differentiate between delay-critical delay-tolerant traffic.

Observation 5 Network per-SL-LCH configuration can be used for UE to differentiate delay-critical and delay-tolerant sidelink traffic.

Regarding UL grant capability, i.e., whether it is able to carry the delay-critical SL-BSR, it is more a LCP restriction, 

-
maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;
Based on the current specification, only the maxPUSCH-duration parameter can be used to differentiate the grant capability of carrying delay-critical traffic, so logically it can be used to differentiate whether a UL grant can be used to carry delay-critical SL-BSR. It can be a SL-LCH-independent configuration or a per-SL-LCH configuration, i.e., for each SL-LCH to differentiate the capability of UL grant.

Observation 6 Network configuration (SL-LCH-independent or per-SL-LCH configuration) can be used for UE to differentiate the UL grant capability of carrying SL-BSR.
Combining the two aspects above, there can be different solutions:

A) Network configures a per-SL-LCH tag for each SL-LCH, to differentiate delay-critical traffic and delay-tolerant traffic => in case the SL-BSR is triggered by delay-critical SL-LCH, SR would be triggered anyway regardless of SL-BSR transmission;

B) Network configures either a SL-LCH-independent or a SL-LCH-dependent value of maxPUSCH-duration => in case the UL-SCH resource is available, SR would be triggered only if the PUSCH duration is larger than the maxPUSCH-duration value.
C) Combination of A and B above, i.e., both delay-critical tag and maxPUSCH-duration should be configured, and thus SR is triggered only if both are satisfied, i.e., the BSR is triggered by delay-critical SL-LCH and UL-SCH resource duration is larger than the maxPUSCH-duration.
Where A and B are not completed but is simpler, compared to C.

Proposal 5: RAN2 discuss the solution for UE 1) to differentiate SL-BSR is triggered by delay-critical sidelink traffic or not (e.g., by network configuration for SL LCH), and/or 2) to differentiate UL grant being capable to carry SL-BSR triggered by delay-critical SL traffic or not (e.g., by network configuration of maxPUSCH-Duration).

When a SR is triggered and UE decide on PUCCH resource to transmit SR, UE need to link the PUCCH resource with a LCH which is usually the LCH triggering the regular BSR. However when regular BSR is triggered by retxBSR-Timer, it is not clear which LCH should be associated. In LTE the MAC entity considers that the logical channel that triggered the SL BSR is the highest priority logical channel that has data available for transmission at the time the SL BSR is triggered. Following same logic this should be also applied for NR.

Propsoal 6: When retxBSR-Timer expires, MAC entity considers that the logical channel that triggered the SL BSR is the highest priority logical channel that has data available for transmission at the time the SL BSR is triggered

Regarding cancellation of SR, when transmission mode is changed from mode1 to mode2, then all pending SR and BSR should be cancelled.
Proposal 7: All pending SR(s) are triggered by Sidelink BSR should be cancelled when transmission mode is changed from mode1 to mode2
2.4 Inter-RAT BSR
For both LTE controlled NR sidelink and NR controlled V2X sidelink, one left open issue is whether inter-RAT BSR should be introduced or not. 

For LTE controlled NR sidelink transmission, according to the discussion from RAN1, dynamic scheduling has been ruled out:
LTE Uu to schedule NR sidelink mode 1 is supported: 

· The support is done based on type 1 configured grant with configuration restricted to time/frequency resources & periodicity, with the condition that no additional function/procedure is to be introduced for LTE Uu

And RAN2 agreed in RAN2#105bis meeting that:
eNB should be able to configure the NR V2X mode 2 sidelink resource pool or type 1 configured grant for NR V2X sidelink communication via dedicated signalling
NR Sidelink UE information and/or NR UE Assistance information will be transmitted as container (OCTET STRING) and actual information will be defined in NR RR
Our understanding is that NR UAI message will be transmitted to eNB to help decide detail pattern of type1 configured grant. Since PHY layer enhancement is needed, no activation/deactivation via DCI is feasible for this case either. Hence no BSR is necessary in MAC layer.

Proposal 8: No SL BSR is needed for LTE controlled NR sidelink transmission
For NR controlled V2X sidelink transmission, RAN2 agreed in RAN2#105bis that  

For scheduling LTE SL UEs, the gNB uses RRC messages to deliver the SPS grant configuration
RAN1 agreed DCI-based activation/deactivation is supported. So if some BSR for LTE traffic can be reported to gNB, technically it could be helpful for gNB to decide when to activate or deactivate. But the standardization work to introduce an inter-RAT BSR is not trivial. First of all this BSR MAC CE supposes to reflect buffer status of V2X sidelink traffic, hence it should be a LTE MAC CE. But LTE SL BSR can’t be borrowed directly because there is no concept of “container” in MAC layer i.e. LTE MAC CE will be non-transparent in NR MAC layer. If it is designed as a new NR SL BSR, then there are 2 alternatives:

Alt1: To copy LTE BSR MAC format
Alt2: To translate LTE BSR MAC format into new NR SL BSR format

Alt1 is simpler approach but at least one new LCID is needed to differentiate between LTE and NR SL BSR. So there is some interaction between two MAC entities. One way to avoid such complexity is to simply rely on LTE UE Assistance Information. As in RAN2#107 meeting RAN2 agreed that:

LTE Sidelink UE information and LTE UE Assistance Information are defined as containers (OCTET STRING) in NR RRC

The idea is that UE Assistance Information is triggered by arrival of SL traffic. Once SL traffic is paused, it can send another UE Assistance Information to inform gNB so that gNB can decide to deactivate configured grant for LTE SL. It may increase RRC signalling overhead but it also save MAC signalling overhead. So overall there is no big difference in terms of signalling overhead. The benefit is that no more standardization work is needed for such inter-RAT case.
Proposal 9: No SL BSR is needed for NR controlled LTE sidelink transmission
3 Conclusion
Propsal1a: MAC subheader in Figure6.1.2-1/2 in 38.321 is applied for SL BSR MAC CE

Proposal1b: Introduce 3 LCIDs for full length BSR, truncated BSR and padding BSR regardless of length. 
Proposal2: A MAC PDU shall contain at most one SL BSR MAC CE, even when multiple events have triggered a SL BSR. The Regular SL BSR and the Periodic SL BSR shall have precedence over the padding BSR

Proposal3: Padding SL BSR is not allowed to cancel regular/periodic SL BSR

Proposal3a: Padding SL BSR is cancelled either when any cancellation condition is met for regular/periodic SL BSR or when the MAC PDU containing it is built.

Proposal 5:RAN2 discuss the solution for UE 1) to differentiate SL-BSR is triggered by delay-critical sidelink traffic or not (e.g., by network configuration for SL LCH), and/or 2) to differentiate UL grant being capable to carry SL-BSR triggered by delay-critical SL traffic or not (e.g., by network configuration of maxPUSCH-Duration).

Propsoal 6: When retxBSR-Timer expires, MAC entity considers that the logical channel that triggered the SL BSR is the highest priority logical channel that has data available for transmission at the time the SL BSR is triggered

Proposal 7: All pending SR(s) are triggered by Sidelink BSR should be cancelled when transmission mode is changed from mode1 to mode2
Proposal 8: No SL BSR is needed for LTE controlled NR sidelink transmission
Proposal 9: No SL BSR is needed for NR controlled LTE sidelink transmission

6/6


Destination ID 1

Oct 1
LCG ID 1
SL Buffer Size
Oct 2
...
Destination ID n
LCG ID n
SL Buffer Size
Oct 2n-1
Oct 2n-2
LCG priority



