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1
Introduction
In the last 3GPP RAN#71 meeting a new WI was agreed on L2 latency reduction techniques for LTE in RP-160667 [1]. The objectives of the new WI are
	Objectives
· Introduction of short SPS period to allow UL prescheduling

· Reduction of padding in case of dynamic and SPS based UL pre-scheduling to reduce interference and UE power consumption

· Further discussion and, if concluded, introduction of feedback for SPS activation, reactivation and deactivation command


In RAN2#91[2], the following agreements were done:

	Agreements
1
It is beneficial to allow UEs to skip (most) dynamic and configured uplink transmissions if no data is available for transmission (the UE still sends the regular MAC CE, if any). The eNB may enable this by RRC dedicated signalling.

2
A shorter SPS interval (1 TTI) should be supported


This contribution discusses the impact on DRX operation with allowing skipping empty BSR with pre-scheduling and short periodicity SPS. 
2
Discussion
2.1 Short SPS periodicity impact on DRX
In legacy, typically SPS periodicity (e.g. 20ms or 40ms) will align with DRX On Duration to allow potential dynamic override. However with 1ms SPS, it would be impossible to align with On Duration unless with 1ms DRX cycle which means no DRX at all (hence no such DRX cycle value of 1ms). With reducing UE power consumption as one of the objectives of the WI, it should be assumed DRX can be configured together with short SPS periodicity, e.g. 1ms. It is proposed to confirm SPS occasion can be at the subframes not aligned with DRX On Duaration.
Proposal 1: Confirm that SPS periodicity can be shorter than DRX cycle and there could be SPS occasions not align with DRX on Duration, which is already allowed by current specification.

According to current specification, inactivity timer is only (re)started when receiving PDCCH for new transmission, so UL transmission on SPS resource would not extend active time. After UL transmission, it is very possible that UE gets some response in DL to the traffic it sent in UL. For example if UE sends HTTP GET request to a server, it will likely get a webpage in response. If the eNB needs to wait until next DRX on-duration for DL scheduling because the UE is not monitoring PDCCH, shorter SPS periodicity only reduced latency for only one UL packet will not improve the performance overall. This causes potentially additional latency of tens of milliseconds or even more. Hence to reduce DL latency the UE should stay awake after UL transmission on the SPS resource, e.g. by starting inactivity timer, to allow prompt scheduling of DL data.
On the other hand, if SPS is configured for VoIP with 20ms or 40ms periodicity and it aligns with On Duration, there is no need to start inactivity timer upon UL transmission on the SPS resource. Besides, also to ensure backward compatibility, the new behavior should be configurable via RRC or implicitly linked to short SPS periodicity. Explicitly configured via RRC seems to be cleaner.

Proposal 2: The UE performs UL transmission on the SPS occasion when it has UL data to be sent and starts inactivity timer if enabled via RRC.

2.2 Pre-scheduling impact on DRX

Dynamic pre-scheduling means that eNB will assign resources to UE opportunistically to allow faster UL transmission in case UE has data or based on DL transmission when the eNB is expecting RLC or TCP UL feedback. Pre-scheduling requires the UE to stay awake to make sure it receives PDCCH when it has UL data to be sent. If the UE is configured with DRX and only wakes up after SR transmission, it cannot be benefit from pre-scheduling.

To reduce the delay, it is optimal that the UE could start active time and monitor PDCCH if the UE has data to send (i.e. when BSR is triggered) if it knows that eNB will pre-allocate the UL grant. Thus it is beneficial for the eNB to configure the UE to start monitor PDCCH when BSR is triggered if the eNB intends to use pre-scheduling for latency reduction while still configures DRX for power saving.
Proposal 3: The UE starts active time when Regular BSR is triggered instead of when SR is sent when activeAfterBSR is enabled by RRC.

Provided the UE stays awake when it triggers BSR as proposed in proposal 4, there is no need to keep the inactivity timer running unnecessarily when it receives PDCCH for UL new transmission since UL grant before UL data arrival will all be skipped if the UE does not have UL data.

Proposal 4: Inactivity timer is not restarted if the UE receives PDCCH for UL new grant but does not have UL transmission.
3
Conclusion

In this contribution we have discussed the impact on DRX operation with latency reduction related enhancement. The following proposals are proposed:
Proposal 1: Confirm that SPS periodicity can be shorter than DRX cycle and there could be SPS occasions not align with DRX on Duration, which is already allowed by current specification.

Proposal 2: The UE performs UL transmission on the SPS occasion when it has UL data to be sent and starts inactivity timer if enabled via RRC.

Proposal 3: The UE starts active time when Regular BSR is triggered instead of when SR is sent when activeAfterBSR is enabled by RRC.

Proposal 4: Inactivity timer is not restarted if the UE receives PDCCH for UL new grant but does not have UL transmission.
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5.7
Discontinuous Reception (DRX)

The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for the MAC entity’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI (if configured), eIMTA-RNTI (if configured) and SL-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity monitors the PDCCH continuously. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process (except for the broadcast process) is also defined (see subclause 7.7).

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); or
-
a Regular Buffer Status Report is triggered (as described in subclause 5.4.5) if activeAfterBSR is configured by upper layer; 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 MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).

When DRX is configured, the MAC entity shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe and the data of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process.

-
if a DRX Command MAC control element or a Long DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

-
if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:

-
if the Short DRX cycle is configured:

-
start or restart drxShortCycleTimer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if drxShortCycleTimer  expires in this subframe:

-
use the Long DRX cycle.

-
if a Long DRX Command MAC control element is received:

-
stop drxShortCycleTimer;

use the Long DRX cycle.
-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.

-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, if the subframe is not a half-duplex guard subframe [7] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; or
-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for at least one serving cell not configured with schedulingCellId [8] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; or

-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE not capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for the SpCell and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

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

-
if the PDCCH indicates a new transmission (DL or SL); or

-
if the PDCCH indicates a UL new trasnmission and the UE has data to transmite; or 

-
if an UL grant has been configured for this subframe and UE has data to transmit and if activeAfterULSPS is enabled by upper layer:
-
start or restart drx-InactivityTimer.

-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.

-
if CQI masking (cqi-Mask) is setup by upper layers:

-
in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.

-
else:

-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.

Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.

NOTE:
The same Active Time applies to all activated serving cell(s).
NOTE:
In case of downlink spatial multiplexing, if a TB is received while the HARQ RTT Timer is running and the previous transmission of the same TB was received at least N subframes before the current subframe (where N corresponds to the HARQ RTT Timer), the MAC entity should process it and restart the HARQ RTT Timer.
Annex
Performance analysis
We conducted system simulations to compare both the effect of BSR triggering sending UE in Active Time for pre-scheduling and SPS versus the legacy behaviour (i.e. BSR is not sending UE to Active Time, the UE wakes up after SR transmission). The simulations are run in the 3GPP macro scenario, i.e. 3GPP Case 1 macro scenario with 7 sites, 21 cells and wrap-around. For the UEs, we use a quasi-static model with static UE mobility and TU channel model with 3 km/h speed.

The performance evaluation is done for UL traffic only, with FTP model 3 traffic model [4], with filesize 10KB. The TTI length is 14 symbols.
Annex.3 gives more details of the assumptions and simulation setup used. 
Annex.1 Simulated schemes
Pre-scheduling: 

· Legacy pre-scheduling (denoted as ‘Presched-legacy’):
BSR triggering does not send the UE to Active Time. So for UL traffic, if using DRX, UE doesn’t receive the pre-scheduled UL grant but instead waits for the next SR opportunity. 
In case of pre-scheduling, 20% of RBs are reserved for pre-scheduling UEs in the simulations, but when there is no traffic,  all the available BW is used for pre-scheduling. Using the pre-scheduled resources the UE will send BSR and data as well if it fits. Once the BSR is obtained by the eNB, UE will be from that moment normally dynamically scheduled, until the file is fully transmitted.
· Enhanced pre-scheduling + DRX (denoted as ‘Presched-enhanced’): 
Similar to legacy pre-scheduling, but in this case BSR triggering sends the UE to Active Time.
For these results we have used in UL 16 MCSs. SR periodicity is 10 ms.
SPS:
· Enhanced SPS + DRX (denoted as ‘SPS-enhanced’): 
In case of enhanced SPS with DRX, 20% of RBs are allocated for UEs always. Also in this case BSR triggering sends the UE to Active Time and UL transmission on SPS resource starts the inactivity timer.
    For these results we have used in UL limited 8 MCSs (SPS uses limited MCS set to improve the reliability).

Both SPS and dynamic pre-scheduling use for the first 8ms (until the UL grant based on BSR is received and decoded) the SPS/pre-scheduling resources. After this normal dynamic scheduling based on BSR is used. The size of the SPS/pre-scheduled resource is selected so that all the UEs can send at least a BSR using it (up to 10 UE’s could be scheduled in same TTI)
UL scheduling based on SR
· SR based UL grant (denoted as ‘SR-based-UL-grant’):
SR based UL grant refers to the approach of UE sending SR in order to get an UL grant. This scheme is basically the legacy behaviour and was used as a reference for the other cases. In this case, SR periodicity is 1ms. 

Annex.2 Simulation results
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Figure 1 50%-ile throughput per file (file size 10 kB)
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Figure 2 95%-ile throughput per file (file size 10 kB)


From the UL UE throughput results it can be observed that:
· Pre-scheduling (with or without enhancement) gives gain compared to SR based scheme
· In case of enhanced pre-scheduling, there is up to 40% gain over the SR based scheme and up to 25% gain compared to pre-scheduling legacy scheme in median throughput
· SPS with enhancement:

· In case of SPS, we get up to 14% gain compared to SR based scheme, but up to 20% loss compared to the enhanced pre-scheduling in median throughput. The reason is that SPS has a limited MCS compared to the dynamic pre-scheduling and fixed resource allocation, whereas dynamic pre-scheduling does not have MCS limitation and can dynamically use larger allocation size when there is no other traffic in the TTI.
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Figure 3 50%-ile delay per file (file size 10 kB)
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Figure 4 5%-ile delay per file (file size 10 kB)






From the UL delay statistics similar effects can be observed as from the throughput:
· Pre-scheduling (with or without enhancement) has shortest delay when compared to legacy SR scheme, reaching up to 30% lower median delay for the enhanced pre-scheduling
· Enhanced SPS has up to 12% lower median delay than legacy SR
In order to study what would be the delay effect of a ‘pure’ UL TCP ACK, we have simulated UL traffic only, with FTP model 3 traffic model [4] and file size 40B (i.e. the size of a TCP ACK). Basically, Figure 5 gives an indication of the initial UL delay.
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Figure 5 50%-ile delay per file (file size 40 B)



From Figure 5 similar delay impact can be seen as for the larger file size as shown in Figure 3 and Figure 4. This means that for a smaller amount of data the relative difference is larger.
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Figure 6
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Figure 7


From the power consumption results it can be observed that the effect to power consumption is small particularly with low load
· DRX is a good tool to save UE power

· In case of low load (PAR: 1), no significant additional power consumption is observed by any of the fast UL schemes (with or without the enhancements). Once the load (PAR) is increased, there is a slight increase in power consumption for both SPS and pre-scheduling as there are cases where the UE will use the small allocation it has still for 8ms until the UL transmission is obtained at the eNB. In legacy SR scheme, the UE will just wait for the grant and transmit more power efficiently using larger allocations. The dynamic pre-scheduling is slightly more energy-efficient than SPS.
Annex.3 Simulation parameters
Table 1 General parameters

	Parameter
	Assumption

	System bandwidth
	10 MHz

	Number of PUSCH PRBs
	48

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

	Number of UEs
	10 UEs per macro cell

	Inter-site distance
	500m

	UE speed
	3 km/h, quasi-static model

	UL Antenna configuration
	1x2 LMMSE-IRC

	eNB TX power
	46 dBm

	UE maximum Tx power
	23dBm

	Channel model
	Typical Urban

	Pathloss model
	25.814

	Lognormal shadowing, std. dev.
	8dB

	Penetration loss
	20dB

	TTI length
	1 ms

	Number of RBs per UL CSI
	2

	Max number of UE per sounding group
	6

	SR to grant transmission
	4 ms

	UE processing time
	4 ms

	HARQ RTT
	8ms

	SR Period 
	1, 10 ms

	DRX long cycle
	80ms (with inactivity timer 10ms and onDuration 5ms)

	FTP file size
	10kB, 40B

	Packet arrival rate λ
	FTP model 3 with packet arrival rate according to Poisson process: 10 kB file size with arrival rate of 1, 3, 5 packet per UE per second 

	Scheduler
	TD: PF, FD: ER

	Maximum number of scheduled users per TTI
	10 (max)

	UL power control alpha
	0.6

	UL power control P0
	-58


Table 2 Relative UE power consumption [6]
	UE activity
	Power consumption relative to UL data transmission

	UL Transmission
	100%

	PDSCH reception
	60%

	PDCCH monitoring/measurement
	48%

	Light sleep
	20%

	Deep sleep
	2%


