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1 Introduction

CPC and Enhanced CELL_FACH have been designed with the goal of enabling UMTS to handle bursty data with reduced impact on network resources and UE battery life. CPC is useful for handling traffic patterns in which the UE needs to remain in CELL_DCH. Enhanced CELL_FACH enables more efficient handling of smartphone traffic for which the interarrival time is relatively long and the burst time relatively short.
Both of these features are key to handling mobile broadband traffic demands efficiently. Therefore, in evaluating LCR-FDD and in particular the time dilation solution, it is important to examine potential impacts of the time dilation on these features.

In addition, in considering LCR FDD operation with bursty traffic, it is of interest to consider the impact of longer TTI length on the efficiency of handling bursty traffic. Smartphones generate traffic that can consist of small data packets.
2 Impacts of a longer TTI length
If the TTI length of HSDPA and HSUPA is increased (and HARQ RTT correspondingly increased), then it is likely that it will take longer to transfer packets of a fixed and/or small size. For larger packets in a heavily loaded network, it could be argued that allocating offered load between a full bandwidth and a time dilated UMTS carrier could increase the overall system capacity, and hence longer TTI duration could be compensated by increased user throughput due to distributing the load between carriers, although in the S-UMTS scenarios it is not clear how much capacity increase is in reality achieved. In any case, though, even if a user can be scheduled more frequently when allocated to a reduced bandwidth carrier, the time during which the transmitter and receiver will need to be turned on will be increased due to the increased TTI length. 
For small packets (including VoIP, TCP ACKs, small web packets etc.), there is little scope for reducing the number of TTIs required for transfer. Increased TTI length and HARQ RTT implies longer transmitter and receiver ON times
Observation 1: UE battery efficiency when transmitting and receiving packet data is likely to be degraded as a result of time dilation

The fact that some packets will require a larger amount of transmitter ON time will also impact control overhead. Longer TX times to transfer small packets implies a larger average amount of users transmitting or receiving such packets in parallel. In Uplink, each user that is transferring data consumes additional RoT overhead as DPCCH, E-DPCCH and HS-DPCCH. In the downlink, in CELL_DCH additional HARQ channels and UL related control signaling is required for longer packet transfers. In Enhanced CELL_FACH, a larger amount of parallel users increases the amount of common code resources that are required. This increase in the amount of overhead resources will reduce the availability of resources in both directions that are available for data transfer. Hence, transfer times will be further increased and UL and DL capacity will be degraded

Observation 2: Time dilated FDD is likely to be less efficient at handling it’s proportion of the offered load than a 5MHz carrier would be. DL and UL capacity are likely to be degraded when handling small packet data with time dilation due to an increased proportion of users having active packets in parallel.

One other impact of a longer TTI duration is that the time granularity available to both DL and UL schedulers is reduced. This in turn reduces the degrees of freedom available to the schedulers in meeting QoS constraints whilst maximizing capacity and scheduling users when they have good channel conditions. This may in turn impact capacity.
3 Impacts of time dilation on DRX and DTX cycles
For CPC and Enhanced CELL_FACH, the UE may enter DTX and/or DRX cycles if there is no activity for a given period of time. For CPC, the inactivity timer for the second DRX cycle can be configured in units of E-DCH TTIs with a minimum of 1 TTI. A longer TTI duration reduces the flexibility in configuring the DRX inactivity timers for CPC and the minimum time before which the second DRX cycle can commence increases by a factor N. However there is still a large amount of flexibility, and provided that the amount of switching to the second DRX cycle is small, then the impact of a longer inactivity timer will be minimal.

For Enhanced CELL_FACH, the inactivity timer is configured in msec and is not sensitive to the TTI length

During the DRX and DTX cycles, the UE must periodically activate it’s receiver or transmitter. Apart from inter frequency measurements, the ON time during the DRX cycles will be the dominant factor in modem related UE power consumption. During Release 11, a longer DRX cycle was introduced for CELL_FACH in order to enhance UE battery life. With time dilation, the minimum ON time of 1 TTI will increase by a factor N. Furthermore, for network flexibility, several TTIs or radio frames may need to be configured during the ON time, and to maintain such flexibility, the same number of configuration of number of ON frames/TTIs would need to be retained. Thus, it is likely that the ON time would increase. On the other hand, it may not be feasible to allow the duration of the DRX cycles to increase with time dilation, since this would increase the latency associated with transferring data and for optimal battery life, the DRX cycles are likely to already be configured with the maximum tolerable latency without time dilation.
In other words, to operate DTX and DRX cycles with the same flexibility and efficiency as without time dilation, the DRX cycle lengths will need to be retained, whilst the ON times will need to increase with factor N.

Observation 3: The efficiency of DRX and DTX in reducing UE modem power consumption will be somewhat compromised when time dilation is applied.
4 Impacts of time dilation on HSUPA and HSDPA scheduling efficiency

An obvious impact of time dilation and a longer TTI length on HSDPA and HSUPA scheduling is that the time granularity available to the scheduler is reduced. This can impact the efficiency of the scheduler in meeting QoS requirements for all users whilst maximizing efficient use of channel conditions etc. In addition to this impact, some of the mechanisms of HSUPA scheduling may be compromised:

· The HSUPA scheduling toolbox includes the possibility to block certain HARQ processes whilst scheduling activated HARQ processes. With time dilation, the duration of the full set of HARQ processes is increased. This means that for delay sensitive services, the scope for using HARQ restrictions to optimize scheduling is reduced.

· The TTI of the non serving RG is currently 10msec. If time dilation is applied directly, then the update rate will be 20 or even 40 msec, which may be too long for reacting in a fast manner to overload from a neighbor cell. If the TTI would be reduced to 10msec, the overhead associated with NS RG would increase.
For HSDPA, when operating with dual carrier N=1 and N=2 or N=4, another issue for study is the scope for re-ordering considering the significant difference in HARQ RTT. For N=4, one retransmission implies 48msec delay and 3 retransmissions 144msec delay. MAC and RLC buffering is a RAN2 issue, however it is conceivable that it may not be feasible to allow for 3 retransmissions for N=2 or N=4, or even that HARQ cannot be used at all. These cases could impact on the overall system efficiency, which may in the future need further consideration in RAN1.
Observation 4: Some HSUPA scheduling mechanisms may be compromised by time dilation
5 Conclusion

Observation 1: UE battery efficiency when transmitting and receiving packet data is likely to be degraded as a result of time dilation

Observation 2: Time dilated FDD is likely to be less efficient at handling it’s proportion of the offered load than a 5MHz carrier would be. DL and UL capacity are likely to be degraded when handling small packet data with time dilation due to an increased proportion of users having active packets in parallel.

Observation 3: The efficiency of DRX and DTX in reducing UE modem power consumption will be somewhat compromised when time dilation is applied.

Observation 4: Some HSUPA scheduling mechanisms may be compromised by time dilation
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