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1 Introduction
There are some MAC-related aspects that might be impacted by the introduction of Rel-15 LAA and which have not been discussed yet in 3GPP.
In this paper, we elaborate more on such MAC aspects and investigate whether legacy functionality needs some enhancements to make Rel.15 LAA work properly. In this paper we touch upon the following topics: BSR, PHR, and uplink time alignment.
2 Discussion

2.1 BSR and PHR impacts
New data arriving in the UE might or might not trigger a new BSR, see 36.321 section 5.4.5. Already in Release 8, there might be several BSRs triggered and arrived at the eNB before a BSR that is delayed due to retransmissions. Thus, the eNB need to estimate the time when an UE created a BSR MAC CE as late BSRs need to be disregarded of. 
The eNB will always have an uncertainty of the UE buffers as new data can arrive in the UE between the point in time when a BSR is included in a MAC PDU and until the eNB has decoded the BSR, and even more data might arrive before the eNB have sent a new grant and UE have decoded it and started processing a new MAC PDU. Other sources of uncertainty are the quantization of the BSRs (there is a span of how much data the UE has in its buffer) and PDCP discard (the UE might discard PDCP data older than the PDCP discard timer). 
With uplink skipping as proposed for feLAA, there is a chance that the eNB does not hear a first transmission from a UE (due to low signal strength, interference or LBT) but subsequent retransmissions can be decoded. In feLAA, unlike legacy Rel-14 LAA, if AUL is configured, UL (re)transmissions are autonomously performed by the UE without any explicit eNB scheduling. Therefore, if an initial UL transmission for a given HARQ process fails to be decoded, the eNB might not be able to determine when such UL transmission was initially generated, even if the following retransmission of the same HARQ process are correctly decoded by the eNB. This introduces an uncertainty of when a MAC PDU was created, and thus when a BSR MAC CE or a PHR MAC CE was created. 
Observation 1 In LAA, it can happen that, e.g. due to LBT, a first UL transmission of a MAC PDU is not correctly received by the eNB. When AUL is configured, the UL (re)transmissions are autonomously performed by the UE, and the eNB might not be able to know when an initial transmission of a MAC PDU was performed. If this MAC PDU contains BSR or PHR MAC CE, there might be an uncertainty at the eNB side on when this MAC CE was really generated which could affect UL scheduling.
At least the following options can be used to improve this uncertainty:
A) Add a time stamp to the BSR or PHR MAC CE
B) Regeneration of BSRs or PHR MAC CE
Option A: The BSR, including subheader, is 16 bits for short BSR (only one LCG with data) and 32 bits for long BSR (more than one LCG with data). The shortest PHR is 16 bits, but for carrier aggregation it can be much larger. Adding a time stamp, for example SFN plus subframe number will add overhead, probably 4 bits for subframe and at least 5 of the least significant bits from the SFN (to avoid wraparound in case of maximum number of HARQ retransmissions). If there is a new separate BSR and separate PHR subheader format for time stamped BSRs/PHRs or one new subheader for the time stamp, other BSRs/PHRs are not affected by this new overhead. Additionally, the time stamp does not give, in any case, an accurate information of the current size of the UE buffer/PHR which still needs to be somehow estimated by the eNB. Therefore, the introduction of such overhead might not be well justified.
Option B: If a first transmission does not go through, e.g. due to LBT, or no HARQ feedback received by the eNB, the UE can regenerate the MAC PDU to include a more current buffer status or power headroom report. However, that will require some processing time as the whole encoding needs to be done (CRC attachment, code block segmentation and code block CRC attachment, channel coding, rate matching, etc.). The UE can know if the eNB have not received a transmission, for example if LBT have failed or if there is no HARQ feedback received from the eNB. In order to guarantee a unified behaviour across different UEs, the network can configure a time threshold, such that the UE can regenerate the MAC PDU with updated MAC CEs when the BSR/PHR content becomes older than such a threshold.
One advantage of Option B over Option A is that the time stamping does not help to estimate any buffer changes that occurs after the MAC PDU is created, while B includes such changes. Another advantage is that option B does not have any extra overhead in the MAC PDU. 
Therefore, in order to solve the issue highlighted in Observation 1, and considering the discussions above we propose option B because of less overhead and more recent UE buffer status: 

Proposal 1 UE shall support regeneration of a MAC PDU to include updated BSR and/or PHR MAC CEs in case this MAC PDU does not reach the eNB, e.g. due to LBT or HARQ feedback not received. 

Proposal 2 The BSR or PHR MAC CEs included in an initial transmission shall not be older than a network configured threshold. 
2.2 Uplink Time Alignment
The uplink timing alignment in legacy is needed to avoid interference between users at different distance from the eNB. This is no difference for feLAA users, and similar to legacy behaviour on pTAG shall apply but for sTAG. Since we assume that the AUL configuration can be provided using existing SPS signalling/procedure, we believe that at the expiry of an timeAlignmentTimer associated with an sTAG, the resources for SPS shall be released in SCells belonging to this TAG, since as agreed in RAN2#99, the AUL can be configured in more than one UL LAA serving cell.
Proposal 3 Like for the pTAG, expiry of an timeAlignmentTimer in an sTAG clears SPS resources for any associated SCell, hence SPS transmissions on those SCells are stopped.
3 Conclusion
In section 2 we made the following observations:

Observation 2 In LAA, it can happen that, e.g. due to LBT, a first UL transmission of a MAC PDU is not correctly received by the eNB. When AUL is configured, the UL (re)transmissions are autonomously performed by the UE, and the eNB might not be able to know when an initial transmission of a MAC PDU was performed. If this MAC PDU contains BSR or PHR MAC CE, there might be an uncertainty at the eNB side on when this MAC CE was really generated which could affect UL scheduling.

Based on the discussion in section 2 we propose the following:

Proposal 4 UE shall support regeneration of a MAC PDU to include updated BSR and/or PHR MAC CEs in case this MAC PDU does not reach the eNB, e.g. due to LBT or HARQ feedback not received. 

Proposal 5 The BSR or PHR MAC CEs included in an initial transmission shall not be older than a network configured threshold. 

Proposal 6 Like for the pTAG, expiry of an timeAlignmentTimer in an sTAG clears SPS resources for any associated SCell, hence SPS transmissions on those SCells are stopped.


3/3


