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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]. 
2 Text Proposal
[-------------------------------------------------TEXT START -----------------------------------------------]
7.1.4  Impact on the network and UE
7.1.4.1  Impact due to longer radio frames

One of the distinguishing features of time-dilated UMTS is the longer time duration of the radio frames.

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.
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 This assumption is no longer valid and requires additional specification effort. For dual-cell UEs in CPC UE DRX mode, the DRX patterns are currently identical on the two cells. It is for further study how this is impacted by introduction of time dilation when the subframe lengths will differ in the two cells.
The different subframe lengths on the different cells also needs to be take into account when specifying how CQI and ACK/NACK information shall be multiplexed on the single uplink HS-DPCCH.

A further 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.

It remains for further study if the 3-slot reference periods used for e.g. CQI reporting remains valid now when the slots become longer in time and whether the CQI accuracy can be maintained.
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. If this is not acceptable, new cell search schemes need to be specified, with potentially new SCH structure and codes.
Cell search times will also be impacted in scenarios where the channel bandwidth is not known. It is not possible to test different bandwidth hypothesises without negative impact on delay or hardware complexity. It remains to be studied how requirements in this area should be formulated, and what the cell search latency will be in the end given these requirements.

The longer radio frames also mean longer slots, and hence reduced inner loop power control rate. It remains for further study if the power control procedure will be impacted. E.g., the step sizes used in power control both in normal mode and compressed mode were originally simulated assuming a power control frequency of 1500 Hz. It may be so that other values are more appropriate when power control frequency is reduced and compressed mode gaps become longer in time.
It remains to be studied how the physical layer synchronization procedures are impacted by time dilation. The specifications in this are mention a lot of absolute times (40 ms, 160 ms etc), and it is not certain that these can just be scaled with the time dilation factor. For example, the time the UE is allowed to still operate its transmitted after losing downlink synchronization has an impact on how the uplink is protected from rouge UEs not obeying the power control commands sent on the downlink.
7.1.4.2  Impact due to increased transmission delay

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. 
Longer transmission delays can also have an impact on timer values, and it remains to be studied if the ranges of these timer parameters need to be extended.

New RLC parameters and timer values for time-dilated UMTS cells means more parameter values for the RNC and operator to manage. Earlier, the 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. RLC skew due to significantly different scheduling and HARQ delays may need further investigation.
With time dilation in its simplest form, the RACH latency is increased due to the slower power ramping and longer message part (N*10 ms will be the shortest message part length). If the RACH latency needs to be improved over this, e.g. by keeping the message part with a length of 10 ms, then new a new RACH structure needs to be specified. This may also impact the channelization and scrambling codes used for PRACH.
7.1.4.3  Impact due to changed absolute bitrate when time dilating transmissions
In its simplest form, time dilation of radio bearers means that the bitrates are scaled with the dilation factor. However, there are cases when the absolute bitrate cannot be reduced due to the time dilation. 

Examples of radio bearers, where absolute bitrate need to be retained when time-dilated are:
· Speech, where the speech frames sent to/from speech codec are 20 ms frames. This means that the absolute bitrate of the speech bearer needs to be retained, and the TTI must not exceed 20 ms.

· CS 64 kbps bearer for video telephony

· SRB, both standalone and associated with other radio bearers, where a lower SRB bitrate would have a negative impact on RRC signalling performance. The longer delay and higher RTT would mean slower RRC procedure execution, longer activation times, and higher risk of dropped calls due to delayed mobility signalling (both measurement and handover orders).
Hence, for the above cases, new RB combinations need to be defined. It shall be noted that the changed SRB mapping to keep the bitrate will impact all RB combinations as they are defined today. All the parameters for the time-dilated RB combinations would need to be stored in RNC in addition to the large set of RB combination parameters already stored there. 
In addition, 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. Hence, a solution is to specify a new P-CCPCH structure, which will mean a lower spreading factor (or multi-code operation) than today. The retained absolute bitrate will have a somewhat negative impact on the control channel overhead, and power headroom available for HS-PDSCH.

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.

7.1.4.4  Impact due to changed SFN clock frequency

It has been assumed that the SFN clock will step once per radio frame even if radio frames are time-dilated. This means that the absolute “clock frequency” of the SFN will be different on time-dilated cells compared to normal UMTS cells.

The changed SFN clock impacts the DRX cycle for paging, which 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.
Since the SFN and CFN clocks can run with different frequency on different cells, there is some impact to measurements that relay on relative SFN-SFN or SFN-CFN comparisons. Such measurements do not make sense if only the difference between two frame numbers is reported, since the frame numbering diverges over time. Hence, the measurement only reflects the true condition at the time of measurement, but since the time it takes to convey this information to RNC is > 0, the measurement information cannot be used by RNC. Further, even if the frame offset problem is solved, a similar problem remains for the relative timings on chip level as it is unclear how to relate different chip numbers to each other when the chips have different lengths in time. E.g, if f1 is a normal UMTS carrier and f2 is a time-dilated N=2 carrier, then the difference in time between chip 0 on f1 and chip 0 on f2 is different than the difference in time between chip X on f1 and chip X on f2, where X>0. It is for further study how to solve this, but it seems reasonable to assume that completely new measurements need to be defined.
7.1.4.5  Impact due to reduced time resolution

With time dilation, the chip time is increased. This can impact the resolution of time measurements, such as RTT measurement for positioning and RACH propagation delay. The detailed impact due to the reduced time resolution is for further study.

The reduced time resolution can also impact the multi-path resolution and hence demodulation performance.
The exact nature of the time resolution reduction depends on the amount of upsampling in the receivers. Assumptions on suitable upsampling need to be made in conjunction with performance requirement specification in RAN4.

7.1.4.6  Impact on control plane signalling

With time-dilated UMTS, a new parameter describing the time dilation factor (or chip rate) needs to be associated with every cell. This parameter will also have 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). Further, signalling of this has to be done between RNCs and between RNC and NodeB as well. Hence, there will be impact on the RRC, NBAP and RNSAP protocols.

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.
Also NodeB and RNC need to signal their support of time dilation so that configuration of time-dilated cells and radio links are only attempted where support is in place.

It is expected that the current channel raster of 200 kHz is too coarse for efficient deployment of time-dilated UMTS carriers. With channel bandwidths in the order of 1 MHz, a granularity of 200 kHz will restrict the operator in efficient utilization of the spectrum, which is the key driving force behind time-dilated UMTS to start with. The new channel raster will impact the signalling protocols.
When 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 information elements include e.g. Qrxlevmin. It is for further study whether or not the current range of some power related information elements needs to be expanded.
7.1.4.7  Impact on RRM procedures

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. In this area, it is expected that introduction of time-dilated UMTS will impact specifications other than the UMTS FDD specifications.
It is for further study if longer measurement periods for RRM procedures are acceptable.

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.

In addition, if measurements on time-dilated UMTS carriers require different compressed mode patterns than measurements on normal UMTS carriers, then there may be a need for UEs to support additional simultaneous compressed mode patterns.

7.1.4.8  Impact on performance requirements
Of course, a number of performance requirements need to be revised when time-dilated UMTS is introduced. As mentioned in the previous section, there may be impact not only to UMTS FDD specs, but also to specifications for GERAN, LTE and UMTS TDD when it comes to RRM related requirements.

For time-dilated UMTS carriers, new performance requirements such as RX/TX requirements and demodulation performance requirements need to be specified. Due to the inherent different characteristics of time-dilated and normal UMTS carriers, it is expected that this will require significant simulation efforts in RAN4.
7.1.4.9  Impact on hardware

Naturally there will be 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. Anyway at least there will be large impact to searcher functionality since UE needs to be able do blind initial search over all bandwidths.
7.1.4.10  Miscellaneous

It remains a bit unclear what functionality support that is required for time-dilated operation. It has been suggested that e.g. functionality like MBMS and STTD would not be supported on time-dilated UMTS. If it is expected that a limited amount of features standardized in future 3GPP releases will be supported by time-dilated UMTS, then it may make sense to separate out time-dilated UMTS to its own set of specifications. Hence, there is conceptual decision that needs to be made: shall time dilation be an alternative operation mode in the UMTS FDD specification, or shall it be seen as a new variant of radio interface similar to the different UMTS TDD chip rates?

[---------------------------------------------------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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