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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.
So far, only the time-dilation solution (denoted “time-dilated UMTS” in the following) has been described in the Technical Report on Scalable UMTS FDD Bandwidth [2]. However, an alternative technique called Scalable Bandwidth UMTS by Filtering (denoted “filtered UMTS” in the following) has also been proposed [3]

 REF _Ref370193122 \r \h 
[4]

 REF _Ref370193125 \r \h 
[5].
In this contribution we provide a comparison of RAN2-related aspects between the two techniques. The comparison is based on the analysis in [6] for time-dilation. Areas where the filtering solution is mentioned are highlighted in italic.
2 Comparison between time-dilated and filtered UMTS
2.1 Impact on mobility

In general, mobility procedure performance depends on the time it takes to perform measurements as well as the SRB performance. For both filtered UMTS and time-dilated UMTS the detailed impact on measurement performance needs to be investigated. With time-dilation without any optimization of SRB bitrate and RTT (i.e. current SRB format is kept but time-dilated), the SRB performance will be worse as well. 
This is avoided completely with filtered UMTS where the SRB bitrate and RTT is unchanged compared to normal UMTS.

Hence, within the context of Heterogeneous Networks, for both filtered and time-dilated UMTS there are risk associated with moving UEs for which mobility procedure will take longer time to execute. This, therefore, may have a direct negative effect on retainability and speech/data interruption times when performing hard handovers. 

Carrier identification

A WCDMA carrier is identified by its DL UARFCN which uniquely identifies both the centre frequency of the DL and the frequency band of the carrier, except for Band V and VI. Uplink information is provided implicitly through the frequency band. 

The UARFCN is used extensively in mobility procedures, measurement setups, and secondary carrier identification in Multi-Carrier operation. It is used to identifying individual carriers and used in conjunction with the scrambling code for identifying individual cells. 

Narrowband carriers (both filtered and time-dilated) need to be distinguished from each other and from the normal carrier that has the same centre frequency. This means the same UARFCN alone cannot be used for all cases.

The RAN2 solution depends on what RAN4 agrees. The complexity of this solution may, hence, also depend on the RAN4 solution. Once the concrete solution(s) are known, a more detailed evaluation of the impacts can be performed.

Inter-frequency mobility and load sharing

Introduction of filtered or time-dilated UMTS carriers will impact several mobility and load sharing procedures where there is a need to handover the UE to carriers with different bandwidth, e.g. inter-frequency handover or redirection within the same frequency band, or to another frequency band, IRAT Handover to UTRAN from LTE/GSM, etc. 

For all these use-cases there is a need to provide additional information so that the UE is able to identify the target carrier. If the same frequency band contains both narrowband and normal UMTS carriers new IEs must to be defined in all RRC messages that can be used to execute the mobility procedures. 

It should be noted that in case the UE is redirected to another UTRA frequency as part of the RRC Connection Establishment procedure (i.e. using the RRC Connection Reject message) the complete set of UE capabilities have not yet been signalled to the network. Hence the RNC might redirect the UE to a carrier using a non-supported bandwidth. To overcome this problem the UE needs to provide information about supported bandwidths already in the RRC Connection Request message. However, the size of RRC connection request is a limiting factor. Hence, the use of this redirection procedure will be very limited for deployments with filtered or time-dilated UMTS carriers.

Even if the UE receives sufficient information to identify the target frequency as discussed above it may take longer time to synchronize on a filtered or time-dilated carrier. 
For time-dilation the SCH structure itself is dilated in time, which leads to longer synchronization times. A longer synchronization time will, together with potentially longer measurement periods and slower SRB signaling in the case of time-dilation, impact the overall performance of the procedures. 
For the filtered solution the SCH structure is not impacted, but the performance of SCH detection needs further study. 
Mobility procedures are often very time critical and this delay could have a severe impact on the retainability, especially for coverage triggered handovers. 
The compressed mode pattern may also have to be changed to allow the scan of time-dilated UMTS frequency from UMTS frequency and vice versa. This is a study that RAN4 needs to be involved too. 
For filtered UMTS no changes in compressed mode pattern are expected, but there may anyway be impact on the requirements since signal quality is not the same between filtered UMTS and normal UMTS.
Impact on Cell Selection and Cell Reselection

The UE uses CPICH RSCP and CPICH Ec/N0 measurements to evaluate the cell selection and reselection criteria specified in 25.304. The time it takes to detect and evaluate the serving cell and neighbouring cells listed in system information are controlled by the measurement requirements specified in 25.133. As indicated in e.g. R4-132165 these requirements need to be revisited for measurements performed on time-dilated UMTS carriers. 
Similarly, also for filtered UTMS the requirements may have to be revisited.
Relaxed measurement requirements may increase the measurement periods for intra-frequency and inter-frequency measurements performed in Idle mode, URA_PCH, CELL_PCH and CELL_FACH states. The measurement periods in Idle mode, URA_PCH and CELL_PCH are also dependent on the DRX cycle length which may increase for a time-dilated UMTS carrier. In CELL_FACH the measurement period depends on the FACH measurement occasion cycle length which is also based on the SFN. For a time-dilated UMTS carrier both the DRX cycle as well as the FACH measurement occasion cycle will increased by a factor of N. 
In contrast, with filtered UMTS, due to the unchanged radio frame length, no impact is foreseen related to DRX cycle.
Longer measurement periods will impact the cell reselection performance, e.g. UEs may be camping in cells where coverage is bad and no service is available. 

The neighbour cells and carriers to evaluate for cell reselection are provided in system information SIB11, SIB11bis and SIB19. For both filtered and time-dilated UMTS there is a need to update these messages with new information that makes it possible for the UE to identify the centre frequency and the bandwidth of the UTRA Inter-frequency neighbours as discussed above. There might also be an impact on SIB5 and SIB5bis in case new band indicators need to be defined. LTE and GERAN will also be affected in order to support IRAT cell reselection to a filtered or time-dilated UMTS carrier.

Other mobility aspects: UE battery consumption

The UE needs to perform intra- and inter-frequency measurements and cell ranking. Assuming that for time-dilation the TTI for the various control channels including P-CPICH are scaled up by a factor of 2 in a 1/2-chip-rate carrier but the same SIB, DRX and paging cycles are kept for latency purpose, the paging and measurement cycles will become twice as long. This means the duty cycle of the UE is doubled and the battery standby time can be expected to be considerably impacted. This impact is especially significant for high mobility UEs since the UE needs to acquire system information when a new cell has been selected and the time needed to acquire all the necessary SIBs is significant. 

Filtered UMTS does not share this problem as the radio frame and TTI lengths are maintained, so from this perspective no negative impact on battery time is expected with filtered UMTS.

Other mobility aspects: RL Failure or RLC unrecoverable error

As a result of slower mobility procedures there will be an increased risk to detect Radio link failure and RLC unrecoverable error procedures for time-dilated and filtered UMTS. Upon detection of a RL failure or RLC unrecoverable error, the UE can move to state CELL_FACH and initiate the Cell Update procedure in order to try to recover. When this happens, there is an interruption time which can be broken down in:

· time to detect radio link failure

· time to find a suitable cell

· time to acquire system information in case no stored information is available for the selected cell

· transmission of cell update and reception of cell update confirm

· synchronization procedure

For time-dilated UMTS all these components will take longer time and, hence, the total interrupt time may increase by several seconds. This will have a major impact on the end-user performance, especially for speech services.

In this area, filtered UMTS leads to less problems since the radio frame length and RTT is kept unchanged.
2.2 Impact on SIB

For time-dilated UMTS the rate of the broadcast channel is scaled by a factor of 1/N in relation to normal UMTS (e.g. 12.3 kbps for normal UMTS, 6.15 kbps for scaling factor N=2 and 3.075 kbps for scaling factor N=4). This implies that the time it takes for the UE to acquire the necessary SIBs will increase by a factor of N given that the same repetition periods are configured for normal UMTS and time-dilated UMTS. 

The increased acquisition time with time-dilated UMTS will have a major performance impact on the following procedures and use-cases:

· Cell reselection: When a new cell is entered it will take longer time for the UE to receive the complete neighbour list and start cell reselection evaluation. In addition, the current measurement requirements might not be fulfilled (see ref R4-132165) which will further add to the delay and may result in a slower cell reselection procedure. There is a risk that UEs will move out of cell coverage before a reselection can be completed which will force the UE to perform an initial cell selection in order to find a new cell for camping. 
For inter-frequency and IRAT cell reselection to a time-dilated UMTS cell there will also be a longer interrupt during which the UE is not able to send or receive any user data. Paging messages might also get lost during this time.

· SIB7 reading: Increased latency from URA_PCH, CELL_PCH and CELL_FACH due to the longer SIB7 repetition period.

· CS Fallback from LTE (CSFB): A slower SIB acquisition will directly impact the speech call setup time for UEs that are redirected from LTE to a time-dilated UMTS carrier.

· Longer time to re-establish the connection as a result of “RL Failure” or “RLC unrecoverable error” detected by the UE which will result in longer interrupt time for the end user.

With filtered UMTS none of these problems exist due to the unchanged radio frame duration. The P-CCPCH mapping can look identical to normal UMTS, and will provide the same absolute bit rate for SIB transmission.

2.3 Impact on signalling and user plane latency

2.3.1 Signalling plane Impact

In table 1 the impact on latency for time-dilated UMTS has been analyzed for a speech call establishment procedure. 
Typically a stand-alone SRB of 13.6 kbps and with TTI 10 ms (34.108, section 6.10.2.4.1.3) is established for the initial signalling. In order to improve the UL coverage and DL capacity a Multi-mode multi-rate AMR NB Speech configuration is likely to be used in a time-dilated UMTS system (TS 34.108 6.10.2.4.14a). When the speech radio bearers are established the SRB is typically reconfigured to 3.4 kbps with a TTI of 40ms. 

The speech call setup sequence (based on Release 7) can be broken down in the following RRC messages. With scaling factor N=2 and a minimum radio frame of 20 ms the transmission time for each message will be doubled.

Note: only the Uu signalling delay, including TTI alignment and DCH synchronization time, is considered in the analysis. It is assumed that the NBAP/RNSAP and RANAP signalling delay and also the processing times in the UE, RBS, RNC and CN will be the same in both the UMTS and the time-dilated UMTS scenario.

Table 1
Call setup delay for speech AMR NB MM multi-rate 12.2/7.4/5.9/4.95 from idle

	RRC message
	Nr of PDUs
	NAS message
	Normal UMTS / filtered UMTS time (ms)
	Time-dilated UMTS time (ms), N=2

	Read SIB7 (average time)
	-
	-
	80
	160

	1. RRC Connection Request
	1 (+ramping)
	-
	50 
	100

	2. RRC Connection Setup
	8
	-
	45 
	90

	3. RRC Connection Setup Comp.
	5
	-
	55
	110

	4. Initial Direct Transfer
	2
	CM Service Request
	25
	50

	5. DL Direct Transfer
	3
	Authentication Req.
	35
	70

	6. UL Direct Transfer
	2
	Authentication Resp.
	25
	50

	7. Security Mode Command
	2
	
	25
	50

	8. Security Mode Complete
	2
	-
	25
	50

	9. DL Direct Transfer
	1
	Identity Request
	15
	30

	10. UL Direct Transfer
	3
	Setup
	35
	70

	11. UL Direct Transfer
	2
	Identity Response
	25
	50

	12. DL Direct Transfer
	1
	Call Proceeding
	15
	30

	13. Radio Bearer Setup
	11
	
	115
	230

	14. RB Setup Complete on 3.4
	1
	
	60
	120

	15. DL Direct Transfer on 3.4 
	1
	Alerting
	60
	120

	16. UL Direct Transfer on 3.4
	4
	Connect
	180
	360

	17. DL Direct Transfer on 3.4
	1
	Connect Ack
	60
	120

	Total time:
Note: DCH synchronization time not included
	
	
	930  
	1860  


In addition to the above signalling also RRC: Measurement Control messages will be sent causing additional delay – the amount of messages being implementation specific but further increasing the delay with 100%. 

It is also to be noted that the scenario above presents a “typical” scenario. However, there are also very common scenarios in which the delay may increase due to the fact that the UE needs to read all System Information e.g. at CSFB. In these cases, the call set-up time will increase considerably due to the SIB reading. This means that CSFB cannot be used in time-dilated UMTS i.e. it is not possible from the end-user experience point of view to use redirection from LTE to time-dilated UMTS.
Note that the latency for filtered UMTS is the same as normal UMTS due to the unchanged radio frame duration and RTT.

2.3.2 User plane Impact

The expected impacts of narrowband carriers on user-plane performance are:

· Decrease in peak rate, both for time-dilation and filtered UMTS. 
· For time-dilation there is an increase in latency due to the increase in TTI length and HARQ round trip time for EUL/HS. This will have an impact on TCP performance. No such impact exists for filtered UMTS.
· For time-dilation, if the spreading factor of the BCCH and other DL control channels are reduced proportionally to maintain the same bitrate for performance reason, the number of codes available for HS transmissions may be reduced, further degrading the maximum DL bitrate. No such impact exists for filtered UMTS.
These are a preliminary assessment of the user plane impact. However, the detailed impacts need to be further studied. As in previous cases, the impact may be more or less severe depending on the concrete solutions. Therefore, it would be beneficial that the Study Item would contain a list of solutions and potential impacts in different groups.

2.3.3 Radio configurations

For a time-dilated UMTS system where the radio frames are lengthen, scaled by a factor N=2 or N=4, there is a need to use other radio bearer configurations than those that are specified in 34.108 and 25.993. It is no longer possible to achieve the same maximum bit rate if the same radio parameter sets for the combinations on the physical channels should be maintained; the bit rate will be reduced a factor 1/N. This implies that even if the radio parameter set is maintained the actual radio bearer configurations will be different from an UMTS system. Moreover, and more important, scaling of the configurations are not feasible for the majority of the radio bearer configurations that needs to be used in time-dilated UMTS carrier, e.g. speech configurations needs to maintain both the TTI and the bit-rate and both the stand-alone SRB and the SRB component of the majority of the configurations need to maintain their bit-rate for retainability reasons, as also pointed out in the following references R1-132581, R1-132455 and R1-132517. This means that new radio parameter sets needs to be defined including new simulations and conformance testing. 

The radio bearer configuration definition will impact the latency for the signalling and the parameter setting/ranges and is hence an important input to further understand the RAN2 impact. Therefore, RAN2 should still further study the minimum set of radio bearer configurations which would be needed for time-dilated UMTS. 

In contrast, there is no need to define new radio bearer configurations when filtered UMTS is used, since the radio frame / TTI duration is unchanged. Similar to time-dilation, the performance of a specific bearer will be different compared to normal UMTS, but with filtered UMTS there is no need to redo the specification of the configuration.
2.4 Impact on MAC, RLC and RRC performance, including impact on timers and procedures

RLC impact

RLC protocol may not be impacted in any of the schemes; however, this is dependent on the concrete solutions to build a time-dilated UMTS specification. Therefore, as stated before, the Study Item should also focus on outlining solutions and impacts for each of them.

From the performance point of view, RLC and higher protocols (TCP) may be affected due to the longer time to receive their SDUs with the time-dilation solution. This means that detecting missing SDUs and retransmitting them will take longer time affecting, therefore, the operation of applications and finally the end-user experience. 
This effect does not exist with filtered UMTS.
MAC impact

MAC impacts will also depend on the concrete solutions to build time-dilated UMTS. Potentially, MAC entities may be impacted if HARQ entities and/or number of HARQ processes are modified, for instance. Performance simulations may be needed in case the number of HARQ processes is reduced as efficiency may be reduced. This may also affect higher layers. It is, therefore, important to understand first the MAC solutions for time-dilated UMTS so the impacts can be assessed accurately.

The MAC entities are responsible for in-sequence delivery of data up to the RLC layer. The HARQ round-trip time (RTT) for a regular carrier for the EUL 2ms TTI is 16 ms. For a 1/4-chip-rate carrier, this becomes 64 ms. In multi-carrier operations with a 1/4-chip-rate carrier and a regular carrier, two data streams of quite different rates and RTTs are feeding the same MAC entity. While waiting for a HARQ retransmission on the 1/4-chip-rate carrier, an additional 32 PDUs from the regular carrier will be accumulating in the MAC buffer. Considering the high peak rate possible on the regular carrier, this can easily overflow the MAC buffer. A similar situation occurs also on the DL, with slightly different RTT but higher bitrates. It is questionable if parameter tuning alone will be able to compensate for the factor of 4 between the RTT of the two streams. Some redesign may be needed.

In contrast, with filtered UMTS the unchanged radio frame duration and RTT will ensure no impact on the MAC.

RRC performance

Some of the RRC impacts have been outlined in the sections above. It is clear that RRC specifications will be heavily impacted by the introductions of time-dilated UMTS. In general it seems the impact will be smaller with the filtering solution, due to the unchanged radio frame duration and RTT.

As stated above, restrictions about the type of features which can be used together with time-dilated and filtered UMTS may be needed. With time-dilation all RRC, RLC, MAC, and layer 1 timers need to be checked and evaluations need to be performed to understand if the values in those timers are suitable. 
For filtered UMTS there seems to be less need for this.

Since time-dilated and filtered UMTS are non-backward compatible features, this means that current Mandatory Present Information Elements will have to be re-defined so that these UEs ignore them. Yet, the signalling cannot be eliminated. This also means that time-dilated and filtered UMTS will experience larger signalling messages which together with the longer TTIs with time-dilation will result in very slow exchange of signalling. In bad coverage areas, it means that the probability of losing the RRC connection is much higher. This impact for filtered UMTS is limited. Further investigations are needed to understand the level in which this may affect the system performance.
Procedures such as RLC unrecoverable error, radio link failure, or physical channel establishment will be basic procedures impacted by time-dilated UMTS. As mentioned before, the impact is that these procedures will take longer time to be executed and, as a result, the overall system may be impacted negatively. This impact for filtered UMTS is limited.
As a second example, for MDT, the measurement reporting period will be affected with time-dilation: they will be 2 times or 4 times longer. This may impact the specifications as well as test cases in RAN5. It is more unclear if there is any impact with filtered UMTS.
3 Conclusion
A comparison between filtered and time-dilated UMTS was presented. In some aspects there are large differences between the solutions, but in other aspects there are also similarities.
Further, filtered UMTS avoids some of the drawbacks associated with time-dilation. However, filtered UMTS also comes with some challenges which will require further study.
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