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1 Introduction
During RAN#58, a study item (SI) was initiated on scalable UMTS [1]. The justification is that only a 5 MHz channel bandwidth is defined for UMTS FDD; this restriction may limit the deployment of UMTS in the case when the spectrum allocation is less than 5 MHz, or not a multiple of 5 MHz. An example of such a case is when frequency resources are re-farmed from legacy systems.
In this contribution, we propose additional text on the topic Time-dilated UMTS – Impacts on the network and UE, to be added to Chapter 7.1.4 of the Technical Report [2]. 
The intention of the text proposal is to capture impacts that are not clearly visible from the specification impact section, such as implementation impact in RNC/NodeB/UE, impact on migration scenarios, end user perception of the system performance, impact on KPIs etc.

2 Text Proposal
[------------------------------------- NEW TEXT START --------------------------------------------]
7.1.4  Impact on the network and UE
7.1.4.x  Impact on radio resource management

The radio resource management in RNC needs to be extended to support time dilation.

As is the case for all optional features, RNC needs to keep track of which features that are supported in different cells and take that into account together with UE capabilities when determining where to setup radio links and what EUL/HS connection capabilities to configure on those radio links.

New UE categories for UEs supporting time dilation will be introduced. It is for further study exactly how these UE categories will be defined. The relation between support of time dilation and support of other features needs to be clarified as well, since it is unclear which of the already specified features that are applicable to time-dilated operation. Potentially the RNC will have to decide between steering a call towards a normal UMTS carrier with a certain set of connection capabilities or a time-dilated UMTS carrier with another set of connection capabilities. This can result in complex logics. E.g., if MIMO is supported on normal UMTS but not on time-dilated UMTS, what is more important: steer the UE towards time dilation carrier without MIMO or towards a normal carrier with MIMO? Further, such traffic steering needs to take into account that the different carriers can be placed in different bands, with different band characteristics.
It is expected that the traffic steering load sharing implementations, which are completely proprietary and not given by 3GPP specifications, will have to be significantly extended. The fact that time dilated carriers will inherently be less capable than normal UMTS carriers in terms of maximum bitrate, user plane latency, capacity etc is a problem when it comes to providing incentives for end users to buy time dilated capable UEs. It would be very unfortunate if the users buying the most capable UEs (supporting time dilation) are “punished” by being pushed to a less capable carrier, while users with less capable UEs (not supporting time dilation) will be served by more capable carriers that can provide a better end user experience. Without incentives for users to buy time dilation capable UEs penetration of such UEs may remain low which reduces the benefits the operator expected when investing in time-dilated UMTS. Of course the operator can try to mitigate these problems with pricing models, e.g. by subsidizing time dilation capable UEs. However, even in that case traffic steering mechanisms would need to be extended to ensure good system capacity with balanced end user performance. 

The problem with lacking end user incentive to buy a UE capable of time dilation is most clear for standalone operation. However, also in the carrier aggregation case this is an issue, since then the main alternative to setup e.g. a 5+2.5 MHz aggregation is to setup a 5+5 MHz aggregation.

Depending on exactly what time-dilation alternatives are supported, the number of different carrier types will differ, e.g.: standalone time dilated N=2 with speech, standalone time dilated N=4 without speech, time dilated N=2 as aggregation carrier, time dilated N=4 as aggregation carrier, time dilated N=2 used as both standalone and aggregation carrier with speech support, etc. This multitude of different carrier types inherently makes load sharing more complex.
If standalone time dilated carriers do not support DCH speech (e.g. for N=4), then inter-frequency handover needs to be triggered for UEs with ongoing packet data connections on the time dilated carrier when a request to setup speech arrives from core network. Since such a handover will cause some additional speech setup delay and has an inherent call drop risk, it would be beneficial to not steer calls with high probability of a speech component to such a time dilated carrier. This also contributes to a more complex traffic steering mechanism.
7.1.4.x KPI impact

Due to the longer radio frames, the SCH code words will also be spread over time, and it will take longer time to acquire the synchronisation channel during cell search. Longer cell identification times may result in delayed mobility procedures, which may have an impact on call retainability.

In general, unless absolute bitrates are kept for SRB signalling when going to the narrower bandwidth, there will be negative impact on RRC procedure delays, which in turn may result in delayed mobility procedures, which may have an impact on call retainability. Further, as described in section 7.5.1.1, if no solution to reduce SRB signalling delay is adopted the call setup time will double for time-dilation with N=2 compared to normal UMTS.  

The increased transmission delay due to longer radio frames will have impact on optimal HARQ and RLC parameters. In general, it remains to be studied what impact the longer round trip time (RTT) with time-dilated UMTS has on end user performance (TCP applications, etc.). In particular, cell edge users are likely to need to split IP packets into a number of TTIs and in this case, longer TTI lengths and an increase HARQ RTT could lead to increases of several tens of msec in latency. In general it is known that TCP performance decreases with increased RTT, and this has been a problem in wireless systems. Since latency is a critical parameter impacting user experience, this aspect needs careful study. 

It has been identified that there may be impact on the BCH mapped on P-CCPCH. If P-CCPCH bitrate is decreased due to time dilation, then access latency will increase. The exact impact, if any, depends on if absolute bitrate is kept or not in the final specified solution.

A changed SFN clock can impact the DRX cycle for paging since that is based on SFN. It is for further study what the impact on signalling is to be able to keep the existing DRX cycles also with time-dilated UMTS. If DRX cycles become inherently longer with time dilation this will lead to increased latency, e.g. for mobile terminated speech calls.

As mentioned in the previous section, introduction of time-dilated carriers can result in a larger set of different carrier types and carrier capabilities. It is likely that the differences in carrier capabilities will result in more traffic steering between carriers, which in turn results in more reconfigurations. It is for further study what impact these reconfigurations will have on e.g. call drop KPIs.
It is assumed that a normal UMTS carrier is deployed whenever the available bandwidth is sufficient for that, and that radio resource management and mobility algorithms do not have to consider handover between a normal UMTS carrier and two N=2 time-dilated carriers in the same frequency allocation. Such a deployment would lead to soft handover being replaced by inter-frequency handover between carriers of different types, which could be expected to have impact on e.g. call drop KPIs.
7.1.4.x Hardware complexity impact - summary
[Editorial note: This text is put here as a general discussion on hardware complexity. The current structure of the TR splits complexity into four different sections, and the discussion presented here is valid for all.]
As described in section 7.1.4.1-7.1.4.4 there is impact on both radio and baseband hardware both in NodeB and UE to support the new bandwidth and chip rate. Since the chip rate is a very fundamental parameter in any CDMA system, it is not unlikely that the hardware impact can be very large for certain implementations. It is also possible that other implementations offer the possibility to change the chip rate quite flexibly. 

In general, it is expected that support of time-dilated UMTS will result in additional complexity in the UE since normal UMTS needs to still be supported. It is not foreseen that there will be UEs that only support time-dilated UMTS carriers, since such a UE would lose a majority of its roaming possibilities. Hence, even if the complexity of demodulation/decoding of a time dilated signal is lower than a normal non-dilated signal, the total complexity will be higher in a UE supporting time dilation.

7.1.4.x Site migration

Deploying additional time-dilated carriers within a NodeB site with existing normal UMTS carriers will lead to one of several possible site migration scenarios when it comes to radio equipment (power amplifiers etc):

· Installation of new power amplifier hardware to supported the added time-dilated carrier

· Share power with already existing carriers on already installed power amplifier hardware. This will lead to reduced power capability of the existing normal UMTS carriers.

· Utilizing unused power capability in already installed power amplifier hardware. 
Hence, the impact on the site at migration depends on the operator’s detailed migration scenario and the installed hardware capabilities. However, it cannot be ruled out that additional hardware needs to be installed on site or that there will be a negative impact on power capabilities (and hence capacity) on the already deployed normal UMTS carriers.

It should be noted that the overall capacity and end user performance impact of a migration where power is moved from normal UMTS carriers to time-dilated carriers will depend on the penetration of time-dilation capable UEs. If this penetration is low the capacity loss on normal UMTS carriers can be larger than the capacity benefit from the additional time-dilated carrier.

If new hardware is needed to support the new chip rates that would be additional site impact at introduction of time-dilated carriers.
7.1.4.x UE battery consumption

An implication of longer radio frames is that for fixed packet size type traffic, especially when the packet sizes are relatively small, the transmitter and receiver on times in the UE will be lengthened due to the longer transmission times and HARQ cycles, which will have an impact on UE battery life. There is also likely to be an increase in the amount of packets handled by the network simultaneously, which could lead to an increase in overhead or decrease in efficiency. The impacts of time dilation on network resource usage and UE battery life need further study.

When CPC is operating, with extended TTI durations, the ratio of on time to off time during DRX cycles is likely to need to increase, since the latency between on times during which the UE can be scheduled and the amount of TTIs needed during ON times to provide sufficient scheduler flexibility will not change as a result of a changed TTI length. Thus the achievable battery life gains of CPC and DRX in Enhanced CELL_FACH  are likely to decrease with time dilation.

7.1.4.x O&M, parameter management

A mentioned in section 7.1.5.5, a large set of new RB combinations need to be defined. All the parameters for the time-dilated RB combinations would need to be managed in RNC in addition to the large set of RB combination parameters already managed there. It shall be noted that not only physical layer parameters but also new MAC/RLC parameters and timer values for time-dilated UMTS cells need to be managed (see section 7.6). Earlier, the MAC/RLC and timer values used were typically aligned between all cells, while with time-dilated UMTS, an additional set of optimal parameter values need to be introduced. Some parameters can maybe be scaled directly as a function of the time dilation factor (and RTT), but others use optimal values that do not depend solely on the RTT and hence maybe be difficult to decide by simple rules. Simulations may be required to derive optimal values for those parameters. 

Also other parameters in various areas may need to be updated and managed separately for time-dilated UMTS cells. Tentative examples include:
· Power control parameters due to the new power control update rate (no longer 1500 Hz)
· Compressed mode parameters. What impact the inter-frequency and inter-RAT measurements have on compressed mode operation needs further study. E.g., reasonable compressed mode patterns need to be found, taking the limitation of one transmission gap per radio frame into account. If it is not possible to get reasonable measurement performance with this limitation when radio frames become longer, then a significant specification effort is required to enable multiple transmission gaps in one radio frame. The need and feasibility of this is left for further study.
· CPC parameters. Due to the time dilation optimal parameters may differ from legacy UMTS CPC.
· Synchronization parameters due to the new radio frame length

· Power-related parameters. E.g., if the same cell size is required for time-dilated UMTS cells as for normal UMTS cells, then the values of various power related information elements are decreased by 10log10(N), where N is the dilation factor. Examples of such parameters include e.g. Qrxlevmin.
7.1.4.x Timing relations

So far it has been assumed that all control loops like inner loop power control, HARQ, etc. are simply scaled in time. However, since the current control loops requirements have been derived with assumptions on processing times in UE and NodeB, and these processing times do not scale linearly with time dilation factor N, there exist some optimization possibilities in these control loops for time-dilated UMTS. This can be done in order to reduce the inner loop power control delay, the HARQ retransmissions delay, etc. It is for further study if such optimizations shall be applied to the time dilation scheme. If such optimizations are applied, then it can impact the NodeB and UE internal time budgets and implementation to meet the requirements. 
In the multi-RAT carrier aggregation case, where a UMTS cell is serving cell and a time-dilated UMTS cell is secondary serving cell, the two cells involved in communication to one dual-cell UE will have different subframe lengths. This leads to some complications, since earlier it has been assumed that serving and secondary serving cells have identical timings (all subframes perfectly aligned through use of same Tcell values). This may impact NodeB and UE implementations. 

7.1.4.x Scheduler impact

In general, with a longer TTI length the degrees of freedom available to the scheduler in meeting differing QoS requirements of different traffic types will be reduced and the impact of this reduced flexibility on system efficiency and KPIs should be investigated. There may be a need to improve scheduler implementation in NodeB to avoid negative effects in this area.
It is also foreseen that the different TTI lengths on serving and secondary serving cells in an aggregation scenario will impact the HS scheduler implementation. The exact impact depends on the baseline scheduler implementation.
The time dilation may also have impact on the EUL scheduler, depending on if there is a need to modify how often grant scheduling is done for different time dilation factors.

7.1.4.x Positioning
With time dilation, the chip time is increased. This can negatively impact the resolution of time measurements, such as RTT measurement for positioning. The detailed impact due to the reduced time resolution is for further study, but it seems reasonable to assume that the accuracy of some positioning services provided by RAN will decrease.

7.1.4.x Impact on system information

With time-dilated UMTS, information about the time dilation factor (or chip rate) needs to be associated with every cell. This information has to be signalled to the UE in some use cases, both in idle mode (in system information) and in connected mode (in signalling radio bearers). 

No conclusion on exactly how this information shall be represented has been agreed between RAN2 and RAN4. However, it cannot be ruled out that this information will result in some additional bits to be transmitted in system information. Depending on how full the BCH channel is this may result in need for changed SIB scheduling or reduction of other information in the existing SIBs (e.g. number of neighbours in neighbour lists). How to do these “workarounds” needs to be determined by algorithms in RNC and/or changed configuration by the operator.

7.1.4.x  Impact on other RATs
Time dilation will impact RRM procedures, particularly in the area of inter-frequency and inter-RAT measurements. Measurement performance needs to be secured for measurements on normal UMTS FDD, time-dilated UMTS FDD, LTE, GERAN and the various UMTS TDD chip rate options. There is impact in both directions, i.e. a UE operating on a time-dilated UMTS carrier needs to be able to measure on e.g. LTE carriers and a UE operating on LTE carrier needs to be able to measure on a time-dilated UMTS carrier. Hence, impact in this area is not limited only to WCDMA RAN, but also other RATs will be impacted by introduction of time dilated UMTS.
[----------------------------------------- NEW TEXT END ---------------------------------------------]
3 Conclusion
In this contribution, a TP on time-dilated UMTS network and UE impact is provided for consideration to the TR [2].

Proposal: Include the provided TP in Chapter 7 of the TR [2]. 
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