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1 Introduction

An LS was sent from RAN5 [1] to request a clarification from RAN2 about which BSR format should be used in the following scenarios:
1. The uplink buffers are empty and uplink data becomes available for two data radio bearers for transmission (two different logical channels belonging to different logical channel groups configured).

2. The UE transmits scheduling request

3. The UE receives UL grant that is large enough to accommodate all the data in the UE buffers and any kind of BSR control element (i.e. Short or Long BSR)

In this contribution, we provide analysis on the above scenarios and offer our recommendations on possible solutions.

2 Background
In the above-mentioned scenario, as discussed in RAN5, the UE is configured with two different logical channels belonging to different logical channel groups.

1. At the beginning, the UE has no data in the buffer and no available UL grant;
2. Upon some uplink data arriving in both logical channels, the UE sends scheduling request;
3. The eNB schedules an UL grant to the UE, therefore triggering the regular BSR according to the specification [2]:

-
UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively) and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";
4. However, if the granted UL resource is large enough to accommodate all the data from both logical channels and any kind of MAC Buffer Status Report (BSR) control element. Then the padding BSR is built according to [2]:
-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC control element plus its subheader, in which case the BSR is referred below to as "Padding BSR";

5. Then, the triggered regular BSR will replace the padding BSR because at most one BSR can be transmitted each time, and the regular BSR and the periodic BSR shall have precedence over the padding BSR [2]:
-
A MAC PDU shall contain at most one MAC BSR control element, even when multiple events trigger a BSR by the time a BSR can be transmitted in which case the Regular BSR and the Periodic BSR shall have precedence over the padding BSR.

The above introduction implies that which BSR format (namely long or short BSRs) should be used by the UE has to be determined, given that the UL grant is large enough to accommodate either one. According to [2], for regular and periodic BSRs, we have:
-
if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long BSR;

-
else report Short BSR.

However, the problem is that there can be more than one way for interpretation regarding to the BSR format selection. The UE can select one of the BSR formats below:
· Interpretation 1: If the format is chosen when the BSR is triggered in the TTI, then the long BSR will be selected.

· Interpretation 2: If the format is chosen after UL data is filled up in the TTI, then the short BSR will be selected.

3 Discussions
Firstly, from the eNB’s perspective, it is clear that no matter which format is used by the UE, the eNB can correctly interpret it as long as the BSR subheader is properly encoded:
· In the case that long BSR is sent, the buffer size should be zero for each LCG, such that the eNB is aware that no successive UL grant is needed by the UE.

· In the case that short BSR is sent, the UE may select the LCG with the higher-priority logical channel and set the buffer size to zero.
In either case, the eNB knows that there is no uplink data available for transmission from that particular UE, and then a proper UL scheduling decision can be made.

[image: image1.emf]MAC Control 

element 1

...

R/R/E/LCID 

sub-header

MAC header

MAC payload

R/R/E/LCID

sub-header

R/R/E/LCID/F/L 

sub-header

R/R/E/LCID/F/L 

sub-header

...

R/R/E/LCID/F/L 

sub-header

R/R/E/LCID padding 

sub-header

MAC Control 

element 2

MAC SDU  MAC SDU 

Padding 

(opt)


Fig. 1: MAC PDU structure [2]
Secondly, from the UE’s perspective, the scenario may be slightly different. Different interpretations may affect the PDU-construction procedure of UE implementation. In the MAC PDU, the CE is placed before any MAC SDU, as shown in Fig. 1. If the UE chooses the BSR format before filling the SDUs (i.e. according to Interpretation 1), when building the MAC PDU, it can first fill in all the CEs (including the long BSR in this case), and then starts to append all SDUs in sequence. In this case, no PDU rebuilding is necessary. However, if the UE selects BSR format according to Interpretation 2, it needs to rebuild the CE of the PDU (to use short BSR in this case) each time based on the data buffer status, after all the MAC SDUs are appended. In the second case, the UE implementation complexity may be increased.
On the other hand, the situation becomes slightly different in another scenario, where the UL grant received from the eNB can accommodate all the pending data, but in additional to that only a short BSR with its subheader can be piggybacked. In this case, the UE implementation corresponding to Interpretation 2 would select the short BSR and piggyback it in the MAC PDU, while the UE implementation based on Interpretation 1 may cancel the long BSR, which is too large to be piggybacked in this scenario, according to [2]:

-  All triggered BSRs shall be cancelled in case the UL grant can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. 

Last but not least, the backward-compatibility issue should be considered. The off-the-shelf terminals may have been implemented according to different interpretations as shown above. Either implementation should be allowed to maintain the backward compatibility to the existing terminals in the market. In RAN5, an intermediate solution was already agreed to allow both selections [3]. Therefore, it is proposed that:
Proposal 1: Which BSR format is selected in the scenario concerned should be left up to UE implementation.
4 Conclusion

In this contribution, we discuss the details of BSR format selection issue raised by RAN5, and suggest RAN2 to agree on the following proposal:
Proposal 1: Which BSR format is selected in the scenario concerned should be left up to UE implementation.
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