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1
Introduction
At WG2#69bis a number of proposals relating to buffer status reporting for the case of carrier aggregation were agreed but a number of issues were left undecided. This Tdoc contains proposals intended to close these remaining issues.
2
Discussion
 At WG2#69bis the following proposals relating to BSR signalling were agreed for the case of carrier aggregation:-
a. Rel-8 BSR triggers are assumed as baseline.
b. The buffer size field is determined after all MAC PDUs have been built for the TTI.

c. As like Rel-8, only one (padding or normal) BSR is allowed per MAC PDU in Rel-10.

There remain a small number of BSR issues that are open. The following are identified here:-

1. Whether there should be more than one regular/periodic BSR within a TTI.
For a TTI where a regular/ periodic BSR is scheduled and multiple MAC PDUs are to be formed, the UE could insert the BSR into a single MAC PDU or replicate it in more than one of the PDUs. Replication could in principle provide improved reliability; however, it is thought that the gain would be small. Replication also takes capacity that could be used for data, although this capacity loss could also be assumed to be small relative to the total capacity granted. It is suggested that, on balance, there should be no replication, and consequently it is proposed that:-
P1:
When a regular/ periodic BSR is scheduled for a TTI, it is included in only one MAC PDU in that TTI.

2. Whether the MAC PDU that contains the regular/ periodic BSR should be specified.

It has been agreed that the UE can perform the logical channel prioritisation procedure either to each grant in sequence or to the total of grants viewed as a whole. This implies that implementations may have the BSR content at different times e.g. when intermediate MAC PDUs are formed or only when the final MAC PDU has been formed. Furthermore, it has been decided that the QoS of each grant can be regarded as the same and that the UE can process grants in any order. Consequently, although the regular/ periodic BSR continues to have the highest priority in the prioritisation process, it is proposed that:-
P2:
Where a regular/periodic BSR is included in a TTI, the UE selects the MAC PDU that contains it.
This may also allow the UE to substitute the BSR in place of padding.

3. Selection of regular/ periodic BSR size
It is proposed that:-

P3:
When selecting the size of BSR to transmit for a regular/ periodic BSR, the UE should apply the same rules as are used in Rel-8 [1] i.e. if data is available for more than one logical channel group then a long BSR is transmitted else a short BSR is transmitted.
4. Inclusion of padding BSRs

In Rel-8/9, padding BSRs provide opportunistic BSR reporting when there is sufficient padding space within a MAC PDU and no regular/ periodic BSR is scheduled for the TTI. A padding BSR can be a short, long or truncated BSR depending upon the number of logical channel groups for which data is available and the number of padding bytes that are available.  
Open issues relating to padding BSRs when carrier aggregation is configured include:-
-
Should padding BSRs be implemented in the case of carrier aggregation.

-
What should a padding BSR contain.

-
Should it be permitted that a TTI contains both a regular/periodic BSR and a padding BSR.
-
Should it be permitted that a TTI contains more than one padding BSR.

For simplicity, it is proposed that a padding BSR should provide the same information to the eNB as a regular/ periodic BSR i.e. the buffer status after all MAC PDUs have been formed.  If a different content were used for a padding BSR, to that used for a regular/ periodic BSR, additional complexity would be introduced to the UE and the eNB but no gain is forseen. Consequently, it is proposed that:-
P4:
A padding BSR reports the buffer status after all of the MAC PDUs have been built for the TTI.
For the same reasons that padding BSRs were introduced in Rel-8, it seems useful if a padding BSR can replace padding provided that the content of the BSR, i.e. the buffer status after all MAC PDUs have been sent, is available at the time the MAC PDU is formed. Consequently, it is proposed that:-

P5:
If a MAC PDU contains padding bytes sufficient to contain a padding BSR, a padding BSR replaces the padding if the content of the BSR, i.e. the buffer status after all of the MAC PDUs have been built, is known.

The size of the padding BSR i.e. short, long or truncated is chosen based on Rel-8 rules [1].

For some implementations, P4 and P5 could imply that padding BSRs are included in only the last grant that is processed.

Where a regular/periodic BSR is triggered for a TTI, one or more padding BSRs could be included in the TTI in addition to the regular/ padding BSR albeit in separate MAC PDUs. However, the existence of multiple BSRs in the TTI could be viewed as providing only a small gain, in terms of the probability that a BSR will be delivered for the TTI, to be offset by additional complexity in the UE and the eNB. Consequently, it is proposed that:-
P6:
If a regular/ periodic BSR is included in a TTI then no padding BSRs are included in MAC PDUs in that TTI.

For similar reasons, it seems unnecessary to include more than one padding BSR within a TTI:-

P7:
There should be at most one padding BSR within a TTI.

In the case that allowing only one padding BSR within a TTI is agreed, the question of whether a truncated BSR should be permitted if a long BSR can be included in a different MAC PDU could be raised. It is suggested that the choice of MAC PDU that contains the padding BSR and the choice of padding BSR size can be left to UE implementation.

If it is decided that MAC CEs other than BSR MAC CEs can replace padding, e.g. a padding PHR [2], these could be used in place of some padding BSRs within a TTI.
The format of the BSR MAC CE also needs to be reviewed and this is done in a companion Tdoc [3].

3
Conclusion
This Tdoc has discussed some remaining open issues for BSR transmission when carrier aggregation is configured. The following proposals have been made.
P1:
When a regular/ periodic BSR is scheduled for a TTI, it is included in only one MAC PDU in that TTI.

P2:
Where a regular/periodic BSR is included in a TTI, the UE selects the MAC PDU that contains it.

P3:
When selecting the size of BSR to transmit for a regular/ periodic BSR, the UE should apply the same rules as are used in Rel-8 [1] i.e. if data is available for more than one logical channel group then a long BSR is transmitted else a short BSR is transmitted.

P4:
A padding BSR reports the buffer status after all of the MAC PDUs have been built for the TTI.

P5:
If a MAC PDU contains padding bytes sufficient to contain a padding BSR, a padding BSR replaces the padding if the content of the BSR, i.e. the buffer status after all of the MAC PDUs have been built, is known.

The size of the padding BSR i.e. short, long or truncated is chosen based on Rel-8 rules [1].

P6:
If a regular/ periodic BSR is included in a TTI then no padding BSRs are included in MAC PDUs in that TTI.

P7:
There should be at most one padding BSR within a TTI.
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