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1. Introduction
A UE capable of NR V2X SL depends on SL BSR procedure to report UE’s SL buffer size to the gNB for SL resource request. In RAN2 #105bis, the following agreements were made on SL BSR [1]:
	Agreements:
· Agreements on BSR and UAI: 

1: 
For SL BSR, at least adopt buffer size (bit size is FFS), destination index (bit size is FFS) and LCG ID (detailed format and bit size is FFS).

2: 
Support UE assistance information reporting on traffic pattern, including information on periodicity, time offset, message size, QoS info (details are FFS), and destination id.
· Agreements on BSR: 

1: 
As in NR Uu, there is a mapping between SL LCH and SL LCG.

2: 
As in NR Uu, for mode1 the mapping between radio bearer and SL logical channel is provided as part of SL RLC bearer configurations (added or modified).

3: 
NR SL BSR triggering condition should be based on LTE V2X at least.

4: 
NR SL BSR cancelling conditions should be based on LTE V2X at least.

5:
For SL buffer status, reuse the current definition of buffer status as in NR Uu.


In this contribution, we discuss left-over issues on SL BSR for NR mode-1, including SL BSR triggers, SL cancellation, SL BSR format, SL BSR timers, SL/UL BSR prioritization and potential impacts on SidelinkUEInformation (SUI), based on the above agreements. 

2. Discussion
2.1
SL BSR format

It has been agreed by RAN2 that at least destination index, LCG ID and buffer size should be included in the SL BSR, and the size of each field needs to be discussed further (as shown in the agreements in the Introduction). Based on this agreement, a controversial issue that relates to NR SL BSR format design is how to indicate LCG IDs in NR SL BSR MAC CE. One option is to align NR SL BSR with NR UL BSR where a bitmap is employed to indicate LCGs; alternatively, the other solution is to explicitly include LCG ID in NR SL BSR as in LTE SL. 
The proponents of also using bitmap to indicate the LCGs present in SL BSR is motivated by imitating the BSR format design in NR Uu, with the main purpose to reduce the reporting overhead compared with using directly LCG IDs. In the SL case, considering that the LCG(s) for which the buffer size is reported are not necessarily the same throughout all the DSTs, if the bitmap manner were to be used, the bitmap should also be included in a per DST manner in the SL BSR, i.e. there needs to be a bitmap respectively for every DST Index present in the SL BSR. One possible bitmap-based SL BSR format would look like this (assuming a DST ID of 4 bits and a maximum LCG number of 8):
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Figure 1 An example of SL BSR MAC CE format using LCG bitmap in NR
Observation 1: If bitmap were used for the LCG indication as in NR SL BSR, the bitmap should be included in a per DST manner, i.e. there needs to be a bitmap respectively for every DST Index present in the SL BSR. 
However, due to the SL’s unique characteristics of having multiple DSTs and the per DST buffer size reporting, it is questionable if the use of the bitmap can really benefit, not only from the overhead perspective but in some other aspects:

· Whether the signalling overhead can really be saved compared with including LCG IDs. Due to Observation 1, one byte bitmap may be unconditionally included for a DST present in the SL BSR, regardless of how many LCGs’ buffer size are actually reported for this DST. This does not always save overhead, especially when the buffer size of only one or two LCGs is reported for some DSTs.

· Whether/how it is still possible to enable prioritized gNB scheduling for the higher-priority SL data (as in LTE SL).  In legacy LTE SL BSR format [2, 6.1.3.1a], it is specified that “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”. This is to enable, for a transmission of SL BSR, the buffer size of the LCG(s) with higher priority data to be first included, and thus enjoy eNB scheduling as early as possible, especially in the truncated SL BSR case (which should more frequently happen in SL than in NR Uu). 
However, when it comes to the bitmap-based solution, it is not clear whether such prioritized gNB scheduling for higher-priority data can still be kept. Particularly, in order to save the signalling overhead, as long as a DST is included in an SL BSR with its associated bitmap due to the higher-priority data available in any of its SL LCHs, it seems that the buffer sizes of all other LCGs may also need to be included, even if they have actually lower priority data than the LCGs of other DSTs (otherwise, the bitmap of the DST needs to be included every time when any of these LCGs is present in subsequent UL transmissions, which on the contrary increases the overall signalling overhead). This can lead to the risk that, the buffer sizes of other DSTs which have higher priority data are unable to be reported, and thus unable to be scheduled by the gNB with prioritization as in LTE SL.
· How many extra standard impacts and efforts are needed. In Rel-15 NR Uu discussion, with the introduction of the bitmap-based BSR format, plenty of time was spent in how to deal with the case where only one LCG is included and how long the buffer size field should be. This was how two BSR formats specified in TS 38.321 actually come, with the buffer size fields of the two also different. In SL, it is unclear whether/how many efforts should be spent in discussing this aspect, if we also follow the bitmap-based solution. Considering the time available for NR SL WI is much less than that for Rel-15 NR, it is better to avoid such kind of discussion occupying too much time.
To summarize, considering that the technical benefits are not clear for the time being and the time available for NR SL standardization is limited, we currently would like to reuse the LTE SL BSR format as much as possible, and thus use LCG IDs to indicate LCGs present in the SL BSR.
Proposal 1: LCG ID shall be included in the NR SL BSR MAC CE instead of bitmap.
Compared with LTE, the number of LCG has increased from 4 to 8 in NR Uu, because of more diversified service supported. Therefore, it is reasonable to adopt a maximum of 8 LCGs in NR SL for the same reason, and thus 3-bit LCG ID field should be defined in NR SL BSR. Similarly, the same length of buffer size field as in NR Uu BSR, i.e. 8 bits, should be used.As for the length of destination index field, we think it can be defined as 5 bits, for the sake of byte alignment and the reason that more DSTs are needed for the support of all unicast, groupcast and broadcast in NR SL.
Hence, for the time being, we think a 5-bit DST Index, 3-bit LCG ID and 8-bit buffer size may be an appropriate combination regarding the SL BSR design in NR. A corresponding format looks like this, and RAN2 is suggested to discuss whether such a format is feasible.
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Figure 2 An example of SL BSR MAC CE formats with LCG ID in NR
Proposal 2: RAN2 to discuss if it is feasible to have the NR SL BSR of 5-bit destination index, 3-bit LCG ID and 8-bit buffer size.
2.2
SL BSR triggers
According to RAN2 #105bis agreements, the NR SL BSR trigger and cancellation conditions should take those in LTE V2X SL as the baseline. In LTE [2], the BSR triggers for V2X SL communication can be summarized as follows:
· A Regular SL BSR should be triggered, when any of the four events below happens:
· Condition 1: new data, belonging to a SL LCH with higher priority than the  priorities of any other SL LCHs containing sidelink data corresponding to the same Destination, becomes available; 
· Condition 2: new data, for a Destination where no data is available for SL before, becomes available;
· Condition 3: retx-BSR-TimerSL expires and the MAC entity has data available for transmission for any of the SL LCHs;

· Condition 4: UE is reconfigured to work in mode-3 from mode-4.
· A Periodic SL BSR should be triggered when:

· Condition 5: periodic-BSR-TimerSL expires.

· A padding SL BSR should be triggered when:

· Condition 6: a padding BSR MAC CE can be accommodated in the current UL resources.

Generally, we think all trigger conditions outlined above should be adopted, when designing NR SL BSR functionality. However, we should not forget that LTE SL BSR triggers were designed only under the case that the UE can only be configured with mode-3 (Scheduled mode) or mode-4 (autonomous selection mode), but not both. When it comes to simultaneous mode-1 and mode-2 configuration which has already been agreed to be supported for NR SL, some more analyses may be needed on the basis of LTE SL BSR trigger conditions, to see whether/what new triggers are needed in this situation. 
For the time being, we propose to adopt all the LTE SL BSR triggers for NR SL BSR design, and leave it as an FFS to decide whether/what new triggers should be introduced in the case of simultaneous mode-1 and mode-2 configuration, when the dual-mode discussion is kicked off. 
Proposal 3: All the SL BSR triggers in LTE V2X are adopted for NR V2X SL. FFS whether/what new triggers should be introduced for NR SL BSR in the case of simultaneous mode-1 and mode-2 support.
2.3
SL BSR cancellation
In LTE V2X, the SL BSR cancellation conditions are described as bellow [2]:
	All triggered regular Sidelink BSRs shall be cancelled in case the remaining configured SL grant(s) valid for this SC Period can accommodate all pending data available for transmission in sidelink communication or in case the remaining configured SL grant(s) valid can accommodate all pending data available for transmission in V2X sidelink communication. All triggered Sidelink BSRs shall be cancelled in case the MAC entity has no data available for transmission for any of the sidelink logical channels. All triggered Sidelink BSRs shall be cancelled when a Sidelink BSR (except for Truncated Sidelink BSR) is included in a MAC PDU for transmission. All triggered Sidelink BSRs shall be cancelled, and retx-BSR-TimerSL and periodic-BSR-TimerSL shall be stopped, when upper layers configure autonomous resource selection.


To summarize, the triggered SL BSRs for LTE SL should be cancelled when one of following conditions is fulfilled:

· Condition 1: All pending data can be included in the allocated SL grant;
· Condition 2: There is no data available for SL transmission;
· Condition 3: A SL BSR (except for Truncated SL BSR) is included in a MAC PDU for transmission.
· Condition 4: UE is reconfigured to work in mode-4 from mode-3.
In NR Uu, the BSR cancellation conditions are described as bellow [3]:

	All triggered BSRs may 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. All BSRs triggered prior to MAC PDU assembly shall be cancelled when a MAC PDU is transmitted and this PDU includes a Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly.


For NR Uu, the triggered BSRs should be cancelled when Condition A or Condition B is fulfilled:
· Condition A: All pending data can be included in the allocated UL grant, but the grant is not sufficient to additionally accommodate the BSR MAC CE plus its subheader;

· Condition B: When a MAC PDU is transmitted; and 
· This PDU includes a Long or Short BSR MAC CE; and

·  Included BSR MAC CE contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly; and
· These BSRs are triggered prior to MAC PDU assembly.
Below, we give some analyses on how NR SL BSR cancellation should look like by considering both the cancellation conditions of LTE SL and those of NR Uu. 
Condition 1 and condition 2 in LTE SL mean that no more UL grant is needed to report buffer status, because all buffered SL data can be transmitted in the provided resources, or the MAC entity has no SL data available, and thus all triggered SL BSR can be cancelled. Both of these cancelling conditions could be reused in NR V2X.

Condition 4 is valid for NR V2X, when the UE is reconfigured, with no data to be transmitted in mode-1 anymore. However, the mode reconfiguration case is also related to the dual mode configuration (e.g. whether the UE is switched from mode-1 to mode-2 as a whole, or such switch is just for some specific traffic), and should also be discussed in detail, once the dual mode operation starts to be discussed in the future.
Proposal 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. 

Proposal 4a: FFS what cancellation condition is needed for the mode reconfiguration case, by taking into account the simultaneous mode-1 and mode-2 support to be discussed.
In NR Uu specification, BSR can be triggered, after the assembly of a MAC PDU which contains a BSR MAC CE but before this MAC PDU is actually transmitted. The NR UL BSR cancellation Condition B reflects the fact that the timing relationship among BSR triggering, MAC PDU assembly as well as MAC PDU transmission was fully considered, when evaluating whether a triggered BSR should be cancelled in NR. Such a relationship can be illustrated as in Figure 3. To elaborate, BSRs triggered by event 1 and event 2 occur before the time point T1, while the BSR for event 3 is triggered at T2. When a MAC PDU is transmitted at T3, it contains a BSR actually reporting the buffer status up to (and including) event 2, so that UL BSRs triggered prior to T1 (by event 1&2) shall be cancelled at T3; meanwhile, the BSR triggered by event 3 remains pending.

[image: image3.emf]UL BSR 

triggered by 

event 1

UL 

grant

MAC PDU assembly 

with UL BSR for event 1 

and event 2 

MAC PDU 

transmission

UL BSR 

triggered by 

event 2

UL BSR 

triggered by 

event 3

The time point for canceling 

UL BSRs (i.e. for those 

triggered by event 1&2)

T1 T3 T2


Figure 3 BSR cancellation based on Condition B in NR Uu
Based on above analysis, it is reasonable to have a similar BSR cancellation condition as the Condition B in NR Uu for NR SL BSR, which could be: SL BSRs triggered prior to MAC PDU assembly shall be cancelled, when a MAC PDU is transmitted and this PDU includes a non-truncated SL BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly. This enables the SL BSRs trigged after/during the MAC PDU assembly but before the actual MAC PDU transmission in UL to be still kept pending.
Proposal 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.
2.4
SL BSR timers

In LTE V2X, several parameters are provided by RRC to control the SL BSR operation. To be specific, the periodic-BSR-TimerSL keeps the UE reporting buffer status to the gNB in a periodic manner, and the retx-BSR-TimerSL enables the recurrence of BSR triggering in case no response is received from the eNB. 

Apart from timers for periodic BSR and retransmission BSR, an SR-delay timer, which is absent from LTE V2X SL, is defined for NR Uu (i.e. logicalChannelSR-DelayTimer) and LTE Uu (i.e. logicalChannelSR-ProhibitTimer), for the sake of delaying the trigger of SR for certain LCHs. Considering that this timer was introduced to avoid over-frequent but unnecessary SR triggers and transmissions, it seems also beneficial to have such an SR-delay timer for NR V2X SL communication. 
Proposal 6: Besides the periodic BSR timer and the retx BSR timer, the SR-delay timer should be configured for NR SL BSR operation. 
2.5
SL/UL BSR prioritization
In LTE V2X, the MAC entity performs the Logical Channel Prioritization procedure in a fixed order as follows: 
	For the Logical Channel Prioritization procedure, the MAC entity shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for DPR;

-
MAC control element for SPS confirmation;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;

-
MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;
-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for Recommended bit rate query;

-
MAC control element for BSR included for padding;
-
MAC control element for Sidelink BSR included for padding.


As can be seen above, the relative priority is static and the UL BSR MAC CE is always prioritized over the SL BSR MAC CE in LTE (UL) LCP procedure. What should be noted is that this mechanism may cause problems, if it is reused directly in NR V2X SL. Specifically, there is the possibility that SL BSR is triggered by some delay-sensitive V2X services (e.g. like URLLC), whereas the UL BSR is only triggered by some traffic with no strict latency requirements (e.g. eMBB). However, if in the above case the amount of UL grant is limited and unable to contain both UL and SL BSRs, SL BSR MAC CE would not be transmitted in the current MAC PDU due to a relatively lower priority and have to wait for the next UL transmission. As a result, failure to report SL BSR in time for delay-sensitive V2X services can lead to obvious harm to the fulfilment of their latency requirements.
Observation 2: In some certain cases, SL BSR should be with higher priority than UL BSR during data multiplexing for UL transmission. 

From RAN2 perspective, enhancement can be considered to determine the priority between the UL BSR MAC CE and SL BSR MAC CE. Determining the relative priority dynamically can be regarded as a possible solution, and such an approach can benefit the latency reduction for delay-sensitive service to be transmitted in SL. The details on how this is done can be FFS.
Proposal 7: The priority between UL BSR MAC CE and SL BSR MAC CE may be decided in LCP procedure by taking service QoS requirements (e.g. latency, priority, etc.) into account. Details are FFS.
2.6
Impacts on SUI
In LTE V2X SL, only broadcast services are supported, and the Destination index (reflecting the real Destination ID) is used to reflect different services. By contrast, unicast and groupcast services should also be supported in NR SL. During the SI phase, RAN1 concluded that different transmission mechanisms are to be supported for broadcast, groupcast and unicast respectively, as seen in [4]. Specifically, RAN1 reached the consensus to support HARQ feedback for unicast and groupcast, whereas for broadcast RAN2 agreed to still use SL HARQ transmissions w/o feedback [5]; so from the mode-1 resource allocation point of view, there would be potential differences between broadcast and unicast/groupcast. For example, resource for HARQ feedback may be decided and given by the gNB to the UE together with the resources of SCI/data transmission for SL groupcast/unicast, and this is not needed for broadcast. As another example, (re)transmission resources may be scheduled in a per transmission manner, based on actual feedback/request from the UE for SL unicast/groupcast, whereas for broadcast the retransmission resources (if any) may be directly scheduled and provided to the UE together with new transmission (as in LTE mode-3).

Above example means that the SL BSR may need to inform the gNB of whether the resources being requested are for broadcast and/or for unicast/groupcast. Considering that UE's upper layers instruct the cast type, along with the Destination ID, of each packet to the AS as per SA2 conclusions [6], there should be a linkage between Destinations and cast types configured at the UE side. Hence, to enable the gNB to know the cast type corresponding to each buffer size reported in the SL BSR, a simple way is to make the UE report the "Destination-to-cast type" linkage to the gNB in SidelinkUEInformation, so that the gNB can be further aware of the cast type of the data, besides the buffer size, associate with each specific Destination indicated in the SL BSR.

Proposal 8: The UE can report the linkage between Destinations and cast types in the SidelinkUEInformation, which enables the gNB to know also the cast type, besides the buffer size, of the available data associated with each Destination indicated in SL BSR, and allocate resources accordingly. No need to explicitly include cast type information in SL BSR. 

2.7 Others

With regard to the SL BSR types, there are mainly two issues involved. The first is how to categorize NR SL BSR types by the BSR triggers. In NR Uu, LTE Uu and LTE V2X, three types of BSR are defined: regular BSR, periodic BSR and padding BSR. We think it is reasonable to inherit these types of BSR.
Proposal 9: In NR V2X, Regular SL BSR, Periodic SL BSR and padding SL BSR are defined.
Another issue is how many types of NR SL BSR should be supported, in terms of different BSR formats. Considering that we would like to reuse the LTE SL way of BSR format also for NR SL, only the SL BSR and truncated SL BSR are supported. 
Proposal 10: SL BSR and truncated SL BSR are supported in NR.

Similar to NR Uu, a MAC PDU shall contain at most one SL BSR MAC CE triggered for initial transmission. Moreover, the Regular SL BSR and the Periodic SL BSR take precedence over the padding SL BSR. The BSR issues related to HARQ retransmission (e.g. whether to use BSR to request retransmission SL resources) depends on further progress in RAN1; RAN2 cannot discuss this issue immediately.
Proposal 11: A MAC PDU shall contain at most one SL BSR MAC CE triggered for initial transmission, and the Regular SL BSR and the Periodic SL BSR take precedence over the padding SL BSR.
3. Conclusion

In this contribution, we discuss some open issues on SL BSR design, and we have the following observations and proposals:
Observation 1: If bitmap were used for the LCG indication as in NR SL BSR, the bitmap should be included in a per DST manner, i.e. there needs to be a bitmap respectively for every DST Index present in the SL BSR. 
Observation 2: In some certain cases, SL BSR should be with higher priority than UL BSR during data multiplexing for UL transmission. 
Proposal 1: LCG ID shall be included in the NR SL BSR MAC CE instead of bitmap.
Proposal 2: RAN2 to discuss if it is feasible to have the NR SL BSR of 5-bit destination index, 3-bit LCG ID and 8-bit buffer size.
Proposal 3: All the SL BSR triggers in LTE V2X are adopted for NR V2X SL. FFS whether/what new triggers should be introduced for NR SL BSR in the case of simultaneous mode-1 and mode-2 support.
Proposal 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. 

Proposal 4a: FFS what cancellation condition is needed for the mode reconfiguration case, by taking into account the simultaneous mode-1 and mode-2 support to be discussed.
Proposal 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.
Proposal 6: Besides the periodic BSR timer and the retx BSR timer, the SR-delay timer should be configured for NR SL BSR operation. 
Proposal 7: The priority between UL BSR MAC CE and SL BSR MAC CE may be decided in LCP procedure by taking service QoS requirements (e.g. latency, priority, etc.) into account. Details are FFS.
Proposal 8: The UE can report the linkage between Destinations and cast types in the SidelinkUEInformation, which enables the gNB to know also the cast type, besides the buffer size, of the available data associated with each Destination indicated in SL BSR, and allocate resources accordingly. No need to explicitly include cast type information in SL BSR. 

Proposal 9: In NR V2X, Regular SL BSR, Periodic SL BSR and padding SL BSR are defined.
Proposal 10: SL BSR and truncated SL BSR are supported in NR.

Proposal 11: A MAC PDU shall contain at most one SL BSR MAC CE triggered for initial transmission, and the Regular SL BSR and the Periodic SL BSR take precedence over the padding SL BSR.
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