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1   Introduction
At RAN1#84bis [1], RAN1 agreed 
	RAN1#84bis Agreements:
· Confirm the working assumption

· The minimum latency is 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s)



At RAN1#86 [2], RAN1 agreed two-stage scheduling is supported for eLAA. 
	RAN1#86 Agreement:
· DCI 0A/4A/0B/4B includes a single bit to indicate whether the UL grant is a triggered grant or not. 

· If it is a triggered grant, the UE may transmit after receiving a 1 bit trigger in the PDCCH DCI scrambled with CC-RNTI in a subframe received after the subframe carrying the UL grant

· The timing between the 2nd trigger transmitted in subframe N and the earliest UL transmission is a UE capability, if the earliest UL transmission is before subframe N+4  (UE capability signaling between transmission in subframe N+1 and N+2 and N+3) 

· The 4 bit field ‘SF timing’ in DCI format 0A/4A/0B/4B for the triggered grant is reused as follows:

· When the UE may transmit after reception of the trigger is signaled to the UE 2 bits are reused to indicate X:

· Having received a trigger in subframe N, the UE is allowed to start transmission in subframe N+X+Y

· X={0,1,2,3} indicated reusing two bits in the DCI

· Y is given by the UL burst offset in the C-PDCCH DCI scrambled by CC-RNTI in the same subframe where the trigger is transmitted

· The UE receives signaling in the first DCI 0A/4A/0B/4B grant indicating the number of subframes after which the grant becomes invalid reusing 2bits. The initial grant becomes invalid if M ms after the initial grant, no valid trigger has been received. 

· 2 bit: M={8,12,16,20}

· UE follows the LBT type indicated by the UL grant


In this contribution, we discuss the possible impact on UL data transfer for MAC based on RAN1 agreements and provide our considerations.
2   Possible impact on UL data transfer
Based on current description“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” in 36.321, for legacy one-stage scheduling, the timing between UL grant and the corresponding UL transmission is explicit to MAC layer. An legacy UL grant received in subframe N is used to generate a MAC PDU and instruct the physical layer to generate a transmission for this MAC PDU in subframe N + k (k = 4 ms for FDD). Meanwhile based on the timing, the MAC layer can obtain a latest BS/PH for subframe N + k and include this BS/PH in BSR/PHR MAC CE. 
For Two-stage scheduling, the UE will not perform a transmission until two-stage grants has been received. Some possible impacts on UL data transfer may occur, e.g. in LCP and HARQ operation.
· LCP operation
 Considering LCP for a MAC PDU in two-stage scheduling, the following issues should be discussed.

Issue 1: When does the MAC layer generate a MAC PDU (including MAC SDUs and MAC CEs)?
· Alt 1: after receiving the UL grant 
· Alt 2: after receiving the UL grant and the triggered grant
For Alt 1 it is simple. Based on RAN1#84bis agreement, the minimum latency between UL grant and UL transmission is also 4ms. There is enough time for generating MAC PDU ands no problem can be foreseen.

For Alt 2, based on RAN1 #86 agreements, after receiving the triggered grant the minimum latency to transmit a MAC PDU in PHY is 1/2/3 ms depending on UE’s capability. However this requirement time is less than 4ms and might not be long enough for all the data processing including MAC and PHY layers based on RAN1#84bis agreement. One example is showed in figure 1. Only 1ms is left for both MAC and PHY processing after the triggered grant. Compared to Alt 1, more limited Processing time is required for Alt 2 and it is uncertain whether all terminals can satisfy such requirement. Therefore Alt1 is preferred.
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Figure 1: an example of two-stage scheduling
Proposal 1:  For Two-stage scheduling, when an UL grant for new transmission is received, the MAC layer starts to generate a MAC PDU independent with reception of triggered grant.

Issue 2: Whether to report BSR/PHR MAC CEs? 
In legacy, the PHR/BSR is reported always with the latest PH/BS information for the scheduled subframe, i.e. the UE has to learn about the scheduled subframe for the corresponding UL transmission when generating a PHR/BSR MAC CE. For Two-stage scheduling, the scheduled subframe is indicated by triggered grant and UL grant together. If the MAC layer generates the MAC PDU, e.g. BSR/PHR MAC CE before receiving the triggered grant, the subframe for calculation of PH and BS may not be possible to be the scheduled subframe and therefore needs to be redefined. In this paper two options are considered as below:
· Alt 1: Do not report BSR/PHR MAC CE for two-stage scheduling.
For Alt 1, the UE will not report BSR/PHR and thus there will be no issue on redefining the subframe for calculation. On the other hand the MAC layer will not cancel all the triggered PHR/BSR even the BSR/PHR will not be reported for two-stage scheduling, and this allows a new PHR/BSR MAC CE to be reported once a legacy one-stage UL grant from any serving cell is received in subsequent subframes.
· Alt 2: A referenced BSR/PHR MAC CE is reported, i.e. the calculation of PH/BS is based on a referenced subframe.
For Alt 2, the reported PH/BS in MAC CE may not be the scheduled subframe, e.g. the referenced subframe can be the subframe which is 4 ms after the subframe received the UL grant considering the legacy timing. By doing so it is clear to eNB which subframe is calculated and there would be no inconsistent understanding between the UE and the eNB.

For both Alt 1 and Alt 2, since lack of timely PH and BS information, it does bring some negative impacts on the eNB subsequent scheduling. However compared with Alt 1, Alt 2 can at least report some information for eNB’s reference and therefore Alt 2 is preferred:
Proposal 2: For Two-stage scheduling, a referenced BSR/PHR is reported, i.e. the calculation of PH/BS is based on a referenced TTI e.g. 4 ms after the subframe received the UL grant.
Proposal 2bis: Send LS to RAN1 to inform that the MAC layer generates the MAC CE without considering whether the triggered grant is received or not.
· HARQ operation

Issue 3: When does the MAC entity deliver the generated MAC PDU in LCP into the corresponding HARQ buffer, i.e. based on the received triggered grant or not?
Based on the current MAC specification, “In asynchronous HARQ operation, a HARQ process is associated with a TTI based on the received UL grant except for UL grant in RAR.” However this is inaccurate for two-stage scheduling. The scheduled subframe is indicated by triggered grant and UL grant. The MAC layer will not be able to associate a HARQ process with a TTI until the triggered grant has been received. 
In this case the TTI for UL transmission is unknown, and the next corresponding HARQ operation, e.g. obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, will be suspended: 
· When the triggered grant has not been received/ unsuccessful decoding, e.g. due to eNB LBT failure or interference from hidden Wi-Fi device, the generated MAC PDU in LCP will not be delivered and stored in the HARQ buffer. 
·   The next HARQ retransmission for the MAC PDU will not occur and the data in MAC PDU only waits for RLC retransmission.
By doing so every retransmission has to go to RLC layer which would cause more transmission latency. Meanwhile if the transmission for a MAC PDU is not performed due to UE LBT failure or unsuccessful decoding of triggered grant, it is unknown to eNB in subsequent scheduling decision whether to allocate a HARQ retransmission grant for this MAC PDU. To solve this problem, a referenced TTI can be considered for the received UL grant in HARQ operation, i.e. a HARQ process is associated with a referenced TTI. Base on the referenced TTI, the HARQ entity can obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity and store this MAC PDU in the HARQ buffer, and does not need to wait for triggered grant. The referenced TTI can be the subframe which is 4 ms after the subframe received the UL grant considering the legacy timing. Hence we propose
Proposal 3:  For Two-stage scheduling, a received UL grant is associated with a referenced TTI in MAC for identifying the HARQ process(es).
3   Conclusion
In this contribution, we discussed the possible impact on MAC based on RAN1 agreements for LAA SCell and propose:
Proposal 1:  For Two-stage scheduling, when an UL grant for new transmission is received, the MAC layer starts to generate a MAC PDU independent with reception of triggered grant.

Proposal 2: For Two-stage scheduling, a referenced BSR/PHR is reported, i.e. the calculation of PH/BS is based on a referenced TTI e.g. 4 ms after the subframe received the UL grant.

Proposal 2bis: Send LS to RAN1 to inform that the MAC layer generates the MAC CE without considering whether the triggered grant is received or not.
Proposal 3:  For Two-stage scheduling, a received UL grant is associated with a referenced TTI in MAC for identifying the HARQ process(es).
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