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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 HARQ and DRX based on RAN1 agreements and provide our considerations.
2   Discussion

Considering Two-stage scheduling, the following issues should be discussed.

Issue 1: Valid Time for UL grant when DRX is not configured
Base on the current MAC specification, if an uplink grant received from lower layers indicates a new transmission or an adaptive retransmission, the HARQ process stores the uplink grant and instructs the lower layer to generate a transmission transmitted in corresponding TTI/subframe according to the stored uplink grant. Therefore the MAC layer is responsible for uplink grant storage and instruction on generating a transmission in PHY. 
	If the HARQ entity requests a new transmission, the HARQ process shall:

[xxx]
-
store the MAC PDU in the associated HARQ buffer;

-
store the uplink grant received from the HARQ entity;
-
generate a transmission as described below.
[xxx]
If the HARQ entity requests a retransmission, the HARQ process shall:
[xxx]

-
if the HARQ entity requests an adaptive retransmission:

-
store the uplink grant received from the HARQ entity;

 [xxx]

-
generate a transmission as described below.
 [xxx]

To generate a transmission, the HARQ process shall:

[xxx]
-
instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;

-
increment CURRENT_IRV by 1;

[xxx]


For Two-stage scheduling, a triggered grant is introduced to trigger the previous valid UL grant(s), i.e. UL transmission for a UL grant is only allowed to be performed in a subframe belonging to the valid time indicated in its DCI.  When Two-stage scheduling and multiple subframes scheduling are used simultaneously, from MAC’s perspective, the MAC layer receives multiple UL grants from lower layers and stores these grants in the corresponding HARQ processes. Each UL grant is used to generate a transmission in a certain subframe indicated by the uplink grant and triggered grant. Meanwhile the valid time for all UL grants received from lower layers is the same. Therefore the transmission time for some UL transmission may be out of the valid time after receiving a triggered grant as shown in figure 1. For this case, the HARQ process shall not instruct the physical layer to generate a transmission when the subframe for UL transmission is out of the valid time, e.g. SF N+3 and N+4 in figure 1. 
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Figure 1: an example of two-stage scheduling
For both single subframe scheduling and multiple subframes scheduling, the MAC layer needs to identify the subframe when a transmission should take place after receivingthe uplink grant and triggered grant. To avoid arbitrary UE’s behaviors on transmitting data, a new Timer, e.g. ul-GrantValidTimer, is required to control the MAC’s instruction for each transmission, i.e. the HARQ process shall not instruct the physical layer to generate a transmission in the subframe when the timer is not running or the remaining time is not able to cover the scheduled subframe . More specifically, the timer can be started in the subframe receiving the UL grant. The length of the timer can reuse the valid time indicated in the UL grant. After receiving the triggered grant, the MAC layer can know about the subframe to transmit, which needs to be judged whether it is within the valid time or not according to the timer. Then, the MAC layer can stop the timer. Moreover, the timer is configured per UL grant from RAN2 perspective based on its valid time. 
Proposal 1:  For Two-stage scheduling, a new Timer, e.g. ul-GrantValidTimer per UL grant is required for MAC layer to instruct the physical layer to generate a transmission.
· The Timer is started/restarted in the subframe receiving a UL grant;
· The length of the Timer reuses the valid time of the received UL grant;
· The Timer is stopped in the subframe receiving the corresponding triggered grant.
Issue 2: Active Time for triggered grant when DRX is configured
At last meeting, RAN2 agreed the awaked UE shall control the UE’s PDCCH monitoring for CC-RNTI. Based on RAN1 #86 agreements, the triggered grant is scrambled with CC-RNTI. Therefore in addition to monitor normal UL grant the UE also needs to monitor PDCCH for the triggered grant. Currently the DRX mechanism for Active Time is described as below:
	When DRX is configured, the MAC entity shall for each subframe:
Xxxx
-
during the Active Time, xxxx
-
monitor the PDCCH;

Xxxx
-
if the PDCCH indicates an UL transmission for an asynchronous HARQ process:

-
start the UL HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission;

-
stop the drx-ULRetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL, UL or SL):

-
except for NB-IoT, start or restart drx-InactivityTimer.
xxxx


Considering the Active Time after receiveing an UL grant, there are two cases which need to be addressed as follows:
· UL grant for new transmission
Based on the current specification if the received UL grant indicates a new transmission, the UE starts the drx-InactivityTimer. When the drx-InactivityTimer is running, the UE monitors the PDCCH and if nothing is received until the drx-InactivityTimerexpires, the UE will go to sleep.

However by introducing Two-stage scheduling, the UE needs to receive not only the UL grant, but also the triggered grant. If the drx-InactivityTimer expires before triggered grant is sent, the UE is not able to continue subsequent data transmission. Therefore one straight forward solution is to configure the drx-InactivityTimer appropriately, i.e. the expiration time  is long enough to include the reception of triggered grant,e.g. to always set to the value of the valid time for UL grant. The corresponding example is shown in figure 2.

[image: image2.emf]ID 1

 UL grant for new transmission (MCS/Resource/NDI/HARQ 

process ID)

triggered grant

(offset)

LBT succeeds

HARQ process

UL RTT Timer

(ID 1)

invalid Time for UL grant

Drx-ULRetranmissionTimer(ID 1)

 drx-InactivityTimer

 subframe N

 
Figure 2: an example of drx for UL grant for new transmission in two-stage scheduling
Observation 1: In case of UL grant for new transmission, the triggered grant may be received under appropriate configuration of drx-InactivityTimer.  
· UL grant for retransmission
Based on the current specification if the received UL grant indicates a retransmission, the UE stops the drx-ULRetransmissionTimer. Simliar as the analysis above, if we still only use the existing drx-ULRetransmissionTimer mechanism for Two-stage scheduling, it is difficult to guarantee the reception of the triggered grant. The corresponding example is shown in figure 3.
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Figure 3: an example of drx for UL grant for retransmission in Two-stage scheduling
To solve this issue, 2 options can be considered.
· Option 1: does not stop drx-ULRetransmissionTimer until the triggered grant is received.
For this option, the UE will not stop the drx-ULRetransmissionTimer until the triggered grant is received. However this option is not applicable to the case when the drx-ULRetransmissionTimer has expired before UL grant is received. This case might happen frequently as the drx-ULRetransmissionTimer value is configured by RRC layer, which is not aware of the valid time of each received UL grant during which the triggered grant should be received. Even though the length of drx-ULRetransmissionTimer can be configured with a value larger than or equal to the largest valid time, e.g. 20 subframes, due to eNB scheduling choice and LBT, the issue that the drx-ULRetransmissionTimer expires before the triggered grant might still exist. One example is shown in figure 4. If the triggered grant has not been transmitted before the drx-ULRetransmissionTimer expires, e.g. due to backoff procedure of eNB Cat.4 LBT, the UE has to go to sleep and will not monitor PDCCH for the triggered grant. Therefore the received UL grant will be wasted and the UE cannot start the retransmission immediately. Consequently option 1 cannot completely solve the above issue.
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Figure 4: an example of drx for Two-stage scheduling for triggered grant
· Option 2: stop drx-ULRetransmissionTimer and start another Timer when an UL grant is received
In this option, there will be a specific timer waiting for the triggered grant. We can resue the legacy timer, i.e. drx-ULRetransmissionTimer, drx-InactivityTimer or reuse ul-GrantValidTimer or introduce a new one.
· Option 2-1: start or restart drx-ULRetransmissionTimer when an UL grant is received
For this option, the UE needs to start or restart the drx-ULRetransmissionTimer upon receiving the UL grant and stop the drx-ULRetransmissionTimer when the triggered grant is received. This option is not completely consistent with the original intention of drx-ULRetransmissionTimer. In legacy, the drx-ULRetransmissionTimer is started for potential UL grant for retransmission after the subframe indicated for the PUSCH transmission, i.e. after the UL RTT expires. 
· Option 2-2: start or restart drx-InactivityTimer when an UL grant is received
For this option, the UE needs to start/restart the drx-InactivityTimer upon receiving the UL grant and stops it when the triggered grant is received. This option brings a big change on trigger conditions for drx-InactivityTimer. In legacy, the drx-InactivityTimer will be started for the potential UL grant indicating a new transmission. However, in this option, the drx-InactivityTimer is required to start even upon receiving the UL grant for retransmission. Therefore this option is not preferred.
· Option 2-3: reuse the ul-GrantValidTimer for DRX operation. 
For this option, the UE starts or restarts ul-GrantValidTimer when an UL grant is received. The timer is stopped once the corresponding triggered grant is received. When the timer is stopped or expires and no other Active Time condition is satisfied, the UE will immediately go to sleep and waits for other Active Time conditions. 
· Option 2-4: introduce a new drx Timer for triggered grant. 
Besides introducing the ul-GrantValidTimer for HARQ operation, a new drx Timer, e.g. drx-TriggerdTimer per UL grant is introduced for DRX operation too. More specifically, the timer can be started in the subframe receiving the UL grant and stoped in the subframe receiving the triggered grant. The length of the timer can reuse the valid time indicated in the UL grant.
Based on the above analysis, it can be seen that option 1 has its limitation and option 2 are technically feasbile. However considering not to limit eNB scheduling flexibility and to minimize the impact on existing timers, Option 2-3 seems better and is preferred. Therefore, we propose that:
Proposal 2:  reuse the ul-GrantValidTimer for DRX operation.
3   Conclusion
In this contribution, we discussed the possible impact on HARQ and DRX based on RAN1 agreements for LAA SCell and propose:
Observation 1: In case of UL grant for new transmission, the triggered grant may be received under appropriate configuration of drx-InactivityTimer.  
Proposal 1:  For Two-stage scheduling, a new Timer, e.g. ul-GrantValidTimer per UL grant is required for MAC layer to instruct the physical layer to generate a transmission.
· The Timer is started/restarted in the subframe receiving a UL grant;
· The length of the Timer reuses the valid time of the received UL grant;
· The Timer is stopped in the subframe receiving the corresponding triggered grant.

Proposal 2:  reuse the ul-GrantValidTimer for DRX operation.
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