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1. Introduction
On LAA uplink issues, RAN2 discussed and agreed on some aspects (e.g. UL asynchronous HARQ), but not on the entire issues. In this contribution, we discuss other aspects on LAA uplink issues, especially specification impacts on uplink scheduling by having LAA uplink.
2. Discussion
The many features defined in LTE MAC specification [1] (e.g. BSR, PHR, LCP, SPS and SR) are related to uplink scheduling. As the scope of the SI: LAA includes the uplink transmission in unlicensed bands (even though high priority should be on the completion of the DL only scenario), we discuss the impacts on each feature defined in the MAC specification if LAA uplink is introduced.
2.1 Buffer Status Reporting (BSR)
The Buffer Status reporting provides the serving eNB with information about the amount of data available for transmission in the UL buffers of the UE. We see two issues on the BSR by introducing LAA for uplink [1].
The first issue is whether to allow sending the BSR to LAA SCell. The BSR is essential for UL scheduling, and can contain the buffer status for the critical signalling messages e.g. measurement report (which is related to the handover). So, the loss of the BSR would impact UE performance seriously. Thus RAN2 needs to discuss whether BSR can be transmitted over unlicensed band or not. If agreed to not transmit over unlicensed band, section 5.4.5 of the MAC specification shall be updated so that MAC entity cares about from which serving cell the uplink grant is received.
Proposal 1: RAN2 shall discuss whether BSR is transmitted over unlicensed band.

The second issue is about how to calculate the buffer status delivered in the BSR. From the current MAC specification, the buffer status is calculated as follows:

	5.4.5
Buffer Status Reporting

…
All BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI. Each LCG shall report at the most one buffer status value per TTI and this value shall be reported in all BSRs reporting buffer status for this LCG.


But this calculation may need to be corrected if we take LAA uplink into account. That is, by e.g. regulation, UE may need to perform LBT operation before sending uplink packets to SCells operating in unlicensed bands. If UE generates MAC PDU, but it cannot send the generated MAC PDU due to LBT operation, the buffer status should consider those packets as well, and thus RAN2 needs to clarify the information of buffer status further by considering LBT operations.
2.2 Power Headroom Reporting (PHR)

The Power Headroom reporting mainly provides the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell [1].
Here also, RAN2 should discuss whether PHR is transmitted over unlicensed band or not. If agreed to not transmit over unlicensed band, section 5.4.6 shall be updated so that MAC entity cares about from which serving cell the uplink grant is received.
Proposal 2: RAN2 shall discuss whether PH is transmitted over unlicensed band.

Another possible issue is how to compute the power headroom value. From [2], it should be noted that power headroom is calculated differently depending on whether to transmit PUSCH. As described in section 2.1 above, by e.g. regulation, UE may need to perform LBT operation before sending uplink packets to SCells operating in unlicensed bands. If UE is not able to transmit MAC PDU due to LBT, UE should report its power headroom computed based on the virtual format (
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).  But, if UE already computed the power headroom based on the real format (
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), it may be difficult for the UE to change the power headroom value based on from the virtual format to real format. Thus UE behaviour should be clarified for the case that the power headroom is computed for real format but the corresponding uplink transmission does not take place due to UL LBT.
2.3 Logical channel prioritization (LCP)

Up to Rel-12, LCP procedure is not differentiated per serving cell. That is, the specification does not care from which serving cell the uplink grant is received, and applies the same LCP procedures for all serving cells.

However, this should be updated by having LAA uplink as RAN2 made following agreements in the last RAN2 meeting [3]:

	Agreements
For Uplink LAA transmission:

1
Configure per bearer/logical channel whether it can be offloaded to LAA SCells or whether it may only be served by licensed carriers. 

…


That is, depending on the configuration, some bearers (e.g. signalling bearer) are only be served by licensed carriers, and thus the LCP procedure should be differentiated depending on the UL-granted cell type (whether it is licensed carriers or not). This changes the basic principle of LCP, and quite big impacts would be foreseen by having LAA uplink.
Observation 1: Some impacts on LCP are forseen by having LAA uplink.
2.4 Semi-Persistent Scheduling (SPS)

Based on the specification [1], SPS is supported on the PCell only, and thus no impacts on SPS are foreseen by having LAA uplink. (LAA cell cannot be operated as a PCell)
Observation 2: No impacts on SPS are forseen by having LAA uplink.
2.5 TTI bundling

Based on the specification [1], TTI bundling is not supported when the UE is configured with one or more SCells with configured uplink. As LAA is only valid in carrier aggregation scenario, and thus no impacts on TTI bundling are foreseen by having LAA uplink. 
Observation 3: No impacts on TTI bundling are forseen by having LAA uplink.
2.6 Scheduling Request (SR)

The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission, and no impacts are foreseen by having LAA uplink in general. But if RAN2 agrees to transmit BSR only on licensed band (as proposed in section 2.1), a small correction on SR cancel condition would be required accordingly, i.e. all pending SR(s) are cancelled when the BSR is transmitted to licensed band.
Observation 4: Some impacts on SR are forseen by having LAA uplink.
3. Conclusion
Proposal 1: RAN2 shall discuss whether BSR is transmitted over unlicensed band.

Proposal 2: RAN2 shall discuss whether PH is transmitted over unlicensed band.

Observation 1: Some impacts on LCP are forseen by having LAA uplink.

Observation 2: No impacts on SPS are forseen by having LAA uplink.

Observation 3: No impacts on TTI bundling are forseen by having LAA uplink.

Observation 4: Some impacts on SR are forseen by having LAA uplink.
Also, Table 1 summarizes impacts on UL scheduling by having LAA uplink.

Table 1 Summary of impacts on UL scheduling
	Functions
	Impacts

	BSR (5.4.5)
	RAN2 shall discuss whether BSR is transmitted over unlicensed band or not. If agreed to not transmit over unlicensed band, section 5.4.5 shall be updated so that MAC entity cares about from which serving cell the uplink grant is received

UE behaviour should be clarified for the case that MAC PDU is not transmitted due to LBT and BS has been computed MAC PDU transmission

	PHR (5.4.6)
	RAN2 shall discuss whether BSR is transmitted over unlicensed band or not. If agreed to not transmit over unlicensed band, section 5.4.6 shall be updated so that MAC entity care about from which serving cell the uplink grant is received

UE behaviour should be clarified for the case that PH is computed for real format but the corresponding uplink transmission does not take place due to UL LBT

	LCP (5.4.3.1)
	Section 5.4.3.1 shall be updated so that MAC entity cares about from which serving cell the uplink grant is received, if RAN2 decides to not transmit RRC message over unlicensed band

	SR (5.4.4)
	If RAN2 agrees to transmit BSR only on licensed band, SR cancel condition shall be updated accordingly

	SPS & TTI bundling
	No impacts foreseen


Proposal 3: RAN2 is requested to acknowledge potential issues w.r.t UL LAA as provided above, and capture them in the TR.
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