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1
Introduction
In 3GPP WG2 79 meeting, one proposal about the active time caused by scheduling request was discussed [1][2]. The basic idea is to allow UE sleep for a few subframes immediately after it sends the SR and also define an SR inactivity Timer to let UE enter DRX again after the timer expires even if UE didn't receive any UL grant and SR is still pending. 
There was some discussion during the meeting and also some UE vendors supported the proposal, but at the same time, there was also some concern from the NW vendor about the loss of scheduling opportunity. In this paper, we made some further thinking about this issue and gave our proposal. 
2
Discussion
2.1
Additional UE power consumption due to SR triggered active time
In current LTE system, if eNB wants to improve the resource utilization efficiency of PUCCH, it could configure longer SR periodicity for UEs, e.g., 80ms. Such configuration could be provided, e.g., for UEs handling background traffic etc. and could also be necessary for the network if the number of UE is quite big, e.g. considering the MTC devices. As SR periodicity configuration is always a tradeoff between network resource efficiency and UE delay performance, once eNB configures a longer value for the periodicity, the potential delay for the transmission will be increased. 

Once UE sends the SR to eNB during DRX, it will enter DRX active time until the SR is cancelled. This behaviour is under the assumption that eNB will give the UL grant as soon as possible and UE anyway needs an UL grant to transmit BSR and UL data. However, there could be some possible cases the eNB will not give UL grant shortly after the SR is transmitted and therefore possibly cause additional power consumption at UE side.
1. The SR transmission is missed at eNB side
2. There is high load at eNB scheduler so eNB could hardly give an UL grant within a short period
From the schecduling point of view, these two cases could be handled by the existing mechanisms, e.g., SR periodical retransmission, DRX active time definition. However, the UE power consumption was not considered under current mechanism. 
From the power consumption view point, there could be several options where UE active time could be reduced without losing scheduling opportunity and restricting scheduling flexibility.

1. In case SR is missed at eNB side, during the time between the lost SR is transmitted and the next periodic SR is triggered, UE will have no chance to receive an UL grant due to scheduling request
2. In case there is high load at eNB scheduler, the UL scheduling for this UE might be delayed, i.e. the UL grant might come long after the SR is transmitted. In this case, there is also some power waste at UE side because UE has been keeping monitoring the PDCCH after the SR is sent. 
3. Besides the above two, another part of the unnecessary power consumption is because eNB will need some time to process the received SR and make scheduling decision. Before the scheduling decision is made, monitoring the PDCCH could be done just in vain.

From the above analysis, we made the following observation.
Observation #1: current DRX active time related to SR could be optimized for further power saving for UEs having long SR periodicity configured. 
2.2
Possible options to optimize SR mechanism to achieve UE power saving
As analysed above, there could be two potential cases which could cause additional UE power consumption. The first one is about the long monitoring when the UL grant is delayed somehow, and the other is about the active time between SR is sent and eNB make the scheduling decision.
Options to reduce the power consumption caused by potential too long PDCCH monitoring after SR is sent

For the first point, one proposal during last meeting is to introduce an sr-InactivityTimer, once the SR is transmitted and pending, UE should only be in active time during DRX if the sr-InactivityTimer is running. The advantage of this solution is that if the SR is missed at eNB, UE doesn’t need to be active until next SR opportunity. However, there could be also draw back of this solution that if the SR is delayed due to high load at the eNB scheduler or due to failed detection of UL grant (e.g. the UL grant is sent in the last few subframes during sr-InactivitTimer), eNB will need to wait until next SR is triggered to schedule the UE, which means even higher scheduling delay than in current system. 
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Figure 1, example of the delayed scheduling due to high load at eNB side
One possible way to avoid this is to configure the sr-InactivityTimer based on the maximum value which eNB might use for scheduling, but this will reduce the saving on the UE power consumption and due to the fact that scheduling decision is made quite dynamically while the configuration is semi-static, it is hard to configure a perfect value for the timer. 

Another possible way is to distribute the active time during the period, i.e. between consecutive SR opportunities, UE will enter active time and DRX sleep mode periodically if no UL grant is received. 
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Figure 2, example of the distributed active time triggered by pending SR

With such distributed active time, we could reduce the power consumption at UE side while keep the scheduling delay short. Even if eNB lost one scheduling opportunity due to high load, it could have another one more shortly compared to the former solution. One possible disadvantage of this solution is that UE could not turn off the RF totally during the period (since for the first solution, UE could turn off the RF totally if no UL grant is received within sr-InactivityTimer). However, given the target here is to let UE have the UL grant and UE will start drx-inactivityTimer upon reception of UL grant, anyhow UE will not be able to turn off the RF for most of the cases. 
One simple way to implement the latter solution is to reuse the configured short DRX cycle for such active-DRX period. I.e. once SR is transmitted by a given UE, and UE is configured with short DRX, it should start to use short DRX cycle. If UE is currently using long DRX cycle, and eNB send the UL grant to UE after receive the SR, UE will anyway enter short DRX cycle later if the drx-inactivityTimer expires; if the UE is currently using short DRX cycle, then basically it means that the next onDuration will not be long, so it could be also OK to let UE wait until the next onDuration of the short DRX cycle. 
It is also noted that the value of the DRX cycle length could be longer than the maximum SR periodicity. Thus if we reuse the short DRX cycle in this case, it is possible that there will be restriction of the short DRX cycle usage. To avoid additional restriction to the existing feature, eNB could configure one more parameter “sr-activeCycle” and start the sr-InactivityTimer every sr-activeCycle before the next SR. 
To make such active time configuration more flexible and efficient (e.g. to be able to multiplex with other UE’s period), and also to give eNB enough time for SR processing and scheduling, an offset about when sr-InactivityTimer will start could be configured as well. 
According to above analysis, we made the following proposals
Proposal #1: When there is pending SR, UE could use distributed active time and sleep period between consecutive SR opportunities.

Proposal #2: RAN2 to discuss the best way to specify the UE behaviourif proposal 1 is agreed
We don’t have a strong opinion on how to specify the UE behaviour, i.e. reuse short DRX cycle or introduce new configuration signalling, we tried to give some example text proposal at the end of this paper. 
3
Conclusion
Proposal #1: When there is pending SR, UE could use distributed active time and sleep period between consecutive SR opportunities.

Proposal #2: RAN2 to discuss the best way to specify the UE behavior
4
Reference
[1] R2-124071 DRX during UL scheduling
[2] U-plane session Chairman notes
5
Example text proposal for 36.321
Here we make some example text proposal for the proposed solution
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5.4.4	Scheduling Request 


The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.


When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and sr-ProhibitTimer shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or when the UL grant(s) can accommodate all pending data available for transmission.


If an SR is triggered and there is no other SR pending, the UE shall set the SR_COUNTER to 0.


As long as one SR is pending, the UE shall for each TTI:


-	if no UL-SCH resources are available for a transmission in this TTI:


-	if the UE has no valid PUCCH resource for SR configured in any TTI: initiate a Random Access procedure (see subclause 5.1) and cancel all pending SRs;


-	else if the UE has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a  measurement gap and if sr-ProhibitTimer is not running:


-	if SR_COUNTER < dsr-TransMax:


-	increment SR_COUNTER by 1;


-	instruct the physical layer to signal the SR on PUCCH;


-	start the sr-ProhibitTimer.


-	if sr-InactivityTimer is configured, for X=0,1,…,( SR periodicity - srOffset) / sr-activeCycle, 


-	start the sr-InactivityTimer in the srOffset + X(sr-inactivityTimerPeriodicity) subframe following the current subframe.


[The unchanged text is omitted]


Note: here [( SR periodicity - srOffset) / sr-activeCycle] means how many times could UE enter active time and sleep mode between two consecutive SR opportunities. 


5.7	Discontinuous Reception (DRX)


[The unchanged text is omitted]


When a DRX cycle is configured, the Active Time includes the time while: 


-	onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or


-	a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4) and sr-InactivityTimer is configured and running; or


-	an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or


-	a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).


[The unchanged text is omitted]
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