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1. Introduction

In LTE, the eNB schedules the UE for UL transmissions. Since each radio bearer (RB) has different QoS requirements (e.g., PBR, delay bound), the eNB needs to schedule the UE accordingly to fulfil the QoS requirements. To schedule the UE, the eNB needs the UE to feedback buffer information. In general, the more up-to-date and accurate the feedback, the more efficient the scheduling will be. However, the trade-off is more UL overhead to send the feedback on UL.
Currently, the UE notifies the eNB about data arrival and buffer size using the Buffer Status Report. To fulfil the PBR requirement, the eNB could count the amount of UL data received for the RB and the eNB knows if the PBR is met.

However, to fulfil the delay bound requirement, the eNB needs to know how long the data has been waiting in the UE buffer. Without this information, the eNB cannot prioritise the UE among other UE’s optimally and efficiently while still fulfilling the delay bound requirement.
2. Proposal
We propose the UE sends back the head-of-line delay budget information to the eNB per radio bearer. The head-of-line delay budget is the maximum delay the most urgent RLC PDU can tolerate before its delay bound is exceeded (i.e., based on the delay bound of the corresponding RLC SDU). The most urgent RLC PDU could be a new RLC transmission or a retransmission. As the RLC PDU keeps waiting in the UE buffer, the delay budget of the PDU will keep shrinking as time goes on.
Assuming each associated RLC SDU will time stamped when it arrives the PDCP buffer (this is needed for SDU discard function anyway), computing the remaining delay budget is just a matter of simple subtraction operations between the time stamp, the current time, and the delay bound (provided in QCI). So we do not see much complexity in this scheme.

Proposal 1: UE sends head-of-line delay budget of the most urgent RLC PDU to the eNB.
Since each MAC header contains 2 reserved bits, we could use the 2 bits (call them “Happy Bits”) to indicate the delay budget to the eNB. As a result, the eNB receives continuous up-to-date delay budget info of the most urgent RLC PDU within a RB. The eNB can then prioritize between the UEs and make use of the radio resources more efficiently while fulfilling QoS requirement at the same time.

Proposal 2: Use the 2 reserved bits in the MAC header to convey the delay budget information of the most urgent RLC PDU within a RB.

Since the QCI associated with each RB contains a delay bound requirement, the eNB could code the 2 bits accordingly. One example with delay bound of 200ms could be:

‘00’ – delay budget less than 50ms

‘01’ – delay budget greater than or equal to 50ms but less than 100ms
‘10’ – delay budget greater than or equal to 100ms but less than 150ms
‘11’ – delay budget greater than 150ms

Proposal 3: The UE sets the 2 bits according to the delay budget of the most urgent RLC PDU that is not included in the current Transport Block.

Since each RB may be more sensitive to some range of delays (depending on the application associated with the RB), the system will be more flexible if the RRC could configure the four delay thresholds per RB.

Proposal 4: RRC configures the four delay thresholds per RB.
3. Conclusion

In order for the eNB to schedule the UEs and make use of the radio resources more efficiently, we believe the eNB will need to know the remaining delay budget of the most urgent UL RLC PDU. We propose the following to achieve that:
Proposal 1: UE sends head-of-line delay budget of the most urgent RLC PDU to the eNB.

Proposal 2: Use the 2 reserved bits in the MAC header to convey the delay budget information of the most urgent RLC PDU within a RB.

Proposal 3: The UE sets the 2 bits according to the remaining delay budget of the most urgent RLC PDU that is not included in the current Transport Block.

Proposal 4: RRC configures the four delay thresholds per RB.
