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1 Scope 
In RRC_CONNECTED state, a UE that is having both NRT and RT services on going, needs to be configured with appropriate DRX pattern to have maximum UE power saving and sufficient scheduling gaps made available by the serving eNB, so that the UE can perform measurements and assist the network in making inter-F/R handovers. This contribution discusses DRX in RRC_CONNECTED for mixed traffic in conjunction with measurement gap control and proposes some basic principles.
2 Discussion

2.1 Current status
During RAN2#58 some agreements were made on DRX handling of NRT services. The agreements so far do not consider handling of RT services like VOIP and mixed traffic scenario cases.  The NRT-DRX handling agreed in the RAN 2#58 can be characterised by Figure 1:
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· on duration
· UE shall monitor L1/L2 control channel for possible allocations.
· off duration
· UE is not required to monitor L1/L2 control channel

· UE can turn off its receiver circuit 
· UE can perform inter-frequency/ inter-RAT measurement, if needed.

· DRX cycle length

· The distance between two consecutive Rx on period starting positions

2.2 DRX for RT and Mixed Services 
RT Services

In general, it is agreed that the resource allocation for the RT services will be done through the “persistent scheduling” where the resources for the first transmissions will be pre-assigned with retransmissions always being explicitly scheduled with L1/L2 control signalling. It is commonly understood in RAN2 that whenever the UE is allocated UL/DL pre-defined resources, it will check L1/L2 control signalling for both directions to see if any new allocations are indicated.
For example, for the VoIP services, the persistently allocated resources during the talk spurt period shall be allocated 20 ms apart by the eNB scheduler as shown in Figure 2.  Hence the DRX interval can be configured to be 20 ms for VoIP service. UE shall wake up to send/receive the VoIP packet during the “On Duration” and any possible retransmissions and go back to sleep till the next “On Duration”. Any control signalling shall also be transmitted during this “On Duration”.  This shall ensure that RRC/MAC signalling will not be delayed beyond 20ms.
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Mixed (RT+ NRT) Services
With RT Service like VoIP having persistently allocated resources for the first transmission, UE will have to wake up to transmit/receive pre-assigned resources for the first transmissions at fixed intervals. If the NRT service is also to be scheduled along with VoIP for a UE there are two possible options for configuring DRX mechanism.

1. NRT packets are scheduled in multiple spurts between two VoIP packets.
2. NRT packets are scheduled immediately after the VoIP packets
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Note: The Y axis does not represent the data in the buffers
In the first option, the UE will have to wake up during multiple short time intervals between the two VoIP packets to receive NRT packets. This we feel shall have adverse effect on UE battery life. Furthermore if UE is receiving/transmitting during multiple short intervals, the gap duration of DRX may not be sufficiently long for the UE to perform inter frequency/RAT measurements. In such cases the eNB may have to reconfigure DRX pattern to create gaps in case inter-F/R measurements have to be performed by the UE. This would require additional signalling.
In the second option, the NRT packets are transmitted immediately after the VoIP packet hence the UE does not have to wake up for multiple short intervals in between the two VoIP packets. We feel it is better for the UE battery life if UE wakes up for a longer duration in which it is scheduled rather than multiple short durations between two VoIP frames.
Further with the second option, the UE should already have enough gaps if the activity level of NRT Traffic is not very high. In such case the signalling procedures to start/stop inter-F/R measurements may not be needed at all. The UE can start/stop inter-F/R measurements autonomously using the already allocated gaps of DRX, upon occurrence of a certain event. The criteria for such events shall be specified by eNB RRC, and in that sense, the measurements are still network controlled. Note that such events shall not trigger any measurement reports.
Hence we feel that the second option is more suited to address the issue of gap control and DRX control mechanism together. We therefore in following section focus on the second option.

2.3 Response to Increased NRT activity
In case the NRT data increase, the “On Duration” within the DRX interval is increased. Hence we propose that the starting time for the “On Duration” is fixed while the “On Duration” is configured as a function of the traffic activity level as shown if figure 3 below. 
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With option 2, a big advantage is that the natural gaps for performing inter frequency/RAT measurements are still available unless the UE goes into continuous reception/transmission mode.  
2.4 Switching between Talk spurt and Silent periods
When the VoIP traffic switches from talk spurt period to silent period, various options for DRX configuration are possible. Some of these options are listed below
· Alternative 1: DRX interval is extended to the duration of Silent Bursts (i.e. 160 ms) and with increased “On duration”.
· Alternative 2: There is no change in the DRX interval, “On duration and starting time as compared to the talk spurt period assuming the NRT traffic activity remains unchanged at the time of switch.  
· Alternative 3: Two “On Durations” are configured. First one is to transmit/receive VoIP Silent Frame and NRT packets and other only for NRT packets. The positions of the NRT packets to be transmitted remains unchanged hence two DRX intervals are needed. Alternatively this case can be thought to be similar to the case where UE is given a separate pattern for NRT and VoIP services and UE does an OR operation on these patterns.
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Problem with Alternative 1 is that the transmission of NRT traffic/signalling would be delayed by 160ms which is not acceptable and hence cannot be considered for DRX configuration.

Alternative 2 has an advantage that the DRX need not be reconfigured while switching between talk spurt and silent periods of VoIP.  If there are no NRT packets or signalling or VoIP packets available in both UL/DL directions, the UE may remain on a subframe or two without any transmission and reception although this will not happen frequently. Moreover, when switching back to talk spurt period no reconfiguration is needed.
Alternative 3 could be bit complicated considering the fact that two DRX intervals and On Durations are needed to be configured when switching from talk spurt to silent duration.

Considering these facts we propose that Alternative 2 is adopted for the silent period as well.

2.5 Interaction between DRX and DL HARQ

Although it has been decided that the HARQ operation related to UL data transmission is independent of DRX operation. However the interaction of HARQ operation of DL data and DRX operation is still FFS. 
In the previous sections there were no interactions between the HARQ and DRX were considered and it was assumed that the HARQ process is finished before the end of “On-duration”. However, if the HARQ process is not finished before the end of “On-duration”, in order to avoid any delay of delivery of DL data packets, UE and ENB can be configured with minimum and the maximum values of “On-duration” and these can be extended in steps starting from the minimum value [1]. 
In light of the interactions between DRX and DL HARQ processes the “On Duration” described in the previous sections can be referred as the minimum “On Duration” and could be extended in steps to allow DL HARQ termination.
3 Conclusion
In this contribution we propose a DRX pattern for a UE that is having both NRT and RT services on going to have maximum UE power saving and sufficient scheduling gaps made available by the serving eNB, so that the UE can perform measurements and assist the network in making inter-F/R handovers. 
We propose RAN 2 to agree and capture the proposed DRX pattern for Mixed Traffic Scenarios as an simple extention of the already ageed DRX pattern for NRT traffic is stage 2 TS. 
4 Reference

[1]  R2-072453 DRX operation and Downlink HARQ interaction, NEC
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