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1. Summary

TR25.898 “Power Control Enhancements” is a technical report on features that are proposed to improve the existing power control procedures in UTRA.

While the scope of TR25.898 officially applies to all UTRA radio access modes, the primary thrust to date has been to propose enhancements for UTRA TDD.

This contribution,

· Provides system simulation results on achievable capacity and coverage with UTRA TDD using R99/R4-based power-control and intelligent radio resource management algorithms, including dynamic channel allocation techniques optimized for the unique characteristics of UTRA TDD.

· Shows that UTRA TDD achieves excellent capacity and coverage with R99/R4 DL inner-loop power-control and that there are no shortfalls in R99/R4 based DL inner-loop power-control.

· Concludes that any system level simulations of UTRA TDD, assuming naïve RRM is misleading and should not be used for evaluation of competing techniques in TR25.898.

2. Introduction

In [1], an alternative scheme for the DL inner-loop power-control in UTRA TDD (3.84 Mcps option) was presented, effectively proposing a combination of multi-level TPC commands on the UL DPCH and the possibility of employing asymmetric TPC step sizes for the Up and Down commands. In subsequent discussions, it was clarified that the baseline R99/R4 UTRA TDD DL inner-loop power-scheme already allows for a significant amount of flexibility to the Node B for adjusting its DL Tx power upon reception of the TPC commands on UL DPCH. Specifically, it is explicitly permitted to use TPC step sizes from the set (1, 2 or 3dB). Furthermore there is no prohibition against employing asymmetric TPC step sizes, a technique that has generally been accepted as valuable.

It has generally been understood that the primary motivation for introducing the new Study Item on Power Control Enhancements has been to compare performance of the baseline R99/R4 UTRA TDD DL inner-loop power-control schemes to the multi-level TPC command proposals for the DL in [1]. The baseline TPC schemes in their various flavours as described above have all in common a binary TPC command sent on the UL DPCH (“Up” or “Down”). The multi-level TPC command schemes in their various flavours in [1] require more than just 1 TPC bit, in their preferred option, 2 TPC bits are used and mapped into the single QPSK symbol carrying the TPC per burst to express 4 different recommended power adjustments (like 4 or 2 dB “Up” or 1 or 3 dB “Down”).

But contrary to [1], in evaluating any proposed TDD power control enhancements we maintain that they be supported with TDD system level simulations with a full modelling of RRM in the network, especially DCA functionality.

3. Discussion

CDMA systems are generally interference-limited, whereby traffic increases to a point at which the noise floor degrades the C/I ratio to the threshold of the receiver detection capability. Interference can be classified as either intra-cell or inter-cell.

Both UTRA FDD and TDD share this general principle, but UTRA TDD differs from FDD in 2 important areas which all have an impact how radio resource management (RRM) in the network best handles each radio access mode to maximize capacity and coverage:

· Multi-User Detection (MUD)

· Dynamic Channel Allocation (DCA)

MUD can provide significant C/I performance improvements through cancellation of interference from other UEs within a given cell. MUD can be very computationally intense, but because UTRA TDD divides the transmissions in a cell into timeslots, there are fewer simultaneous users and interferers per timeslot, making MUD practical for TDD. The inclusion of MUD in an R99/R4 UTRA TDD system effectively almost eliminates intra-cell interference even under full loading.

Another key characteristic of UTRA TDD systems is the fact that interference is different in each timeslot. In TDD, the radio resource management (RRM) system in UTRAN essentially solves the C/I link equation for each code in each time slot.

RRM in the large sense comprises a set of functionalities like user and call admission control, power control or congestion control and link maintenance, moreover a lot of these functionalities are common to UTRA FDD and TDD.

But due to the time-slotted nature of TDD a unique RRM feature in UTRA TDD is the dynamic channel allocation (DCA). Through the judicious (re-) assignment of timeslots, DCA appreciably reduces inter-cell interference in TDD, increases capacity and guarantees coverage.

Capacity and coverage results shown in this contribution were obtained implementing the following simple, yet effective DCA strategy. Upon call arrival, a DL and an UL channel needs to be assigned to the user. DCA retrieves relevant UE and Node B measurements in order to compute figure of merits which rank available timeslot / code resources for the new CCTrCH assignment as a function of the anticipated raise in inter-cell interference in the system, taking into account the impact on the users already present in the system. DCA then assigns the UL and DL CCTrCH’s to timeslot / code resources with the best figures of merit. Subsequently, unless an inter-cell handover occurs, no re-allocation is done once the call has been allocated resources and the resources are released only once the call has ended.

More sophisticated DCA strategies are possible, but already such an Initial-Assignment-based DCA as described above is already effective enough for R99/R4 UTRA TDD to produce contiguous coverage at 384 kbits/s for virtually all users provided an outage of less than 5%. The coverage results shown in Figure 1 were obtained for an over-the-rooftop urban micro-cellular deployment scenario.

The main enabling factor for UTRA TDD allowing such a good performance is its DCA functionality. DCA has always been identified as a key element of the full TDD solution. It has typically never been a major discussion item in standard bodies though, because DCA itself need not to be standardized - it only requires a tool set supplied by the standard, these tools typically being RRC and Iur/Iub signalling support and standardized UE and Node B measurements. For UTRA TDD, availability of an RRM solution incorporating full DCA is seen as a major differentiating factor.
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Figure 1: Coverage for 384 kbps with R99/R4 UTRA TDD,
Urban micro-cellular deployment, Pedestrian A, full DCA

Figure 2 shows the dramatic impact of implementing a naïve DCA functionality into the UTRA TDD radio-resource management system for the same over-the-rooftop urban micro-cellular deployment scenario. In this example, DCA just arbitrarily performs timeslot assignments to arriving calls instead of assigning them in a way that would minimize inter-cell interference.
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Figure 2: Coverage for 384 kbps with R99/R4 UTRA TDD,
Urban micro-cellular deployment, Pedestrian A, no DCA

The large impact on achievable capacity by properly taking into account DCA in UTRA TDD is further illustrated in Figure 3.

In this example, the relative increase in capacity with a properly operating DCA in the network compared to a “naïve” DCA, i.e. just assigning or re-assigning timeslots to users in an arbitrary way is over 88% at outage criterion 5%.

Figure 3: Relative impact of DCA on achievable capacity with UTRA TDD,
Downlink, 144kbps, urban micro-cellular deployment, Pedestrian A[image: image3.emf]Highly DL asymmetric 6:1 / 384kbps
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Taking into account the relatively large impact that RRM and especially its DCA function has on achievable capacity in UTRA TDD, it becomes clear that assessing performance of any R6 DL inner-loop power-control enhancement proposal in TR25.898 needs proper modelling of full RRM in any system simulations.

4. Results

The following capacity results for R99/R4-based UTRA TDD (3.84 Mcps option) are derived from system simulations incorporating RRM (including DCA) for an over-the-rooftop micro-cellular deployment scenario. Simulation assumptions are summarized in Appendix A.

For modeling R99/R4 inner-loop power-control with 1dB fixed “up” and “down” TPC size, required SIR values for the various radio bearers were obtained from a link-level simulation interface with UL and DL power-control on. Link-level simulations are based on realistic MUD and channel estimation and in addition take into account 2.5dB implementation margin. The ability of DL inner-loop power-control to track the time-varying channel conditions under fading conditions is reflected in the time-averaged required SIR values as a function of the fading environment that are input to the system simulator.

The capacity is here defined as the number of users that are in the system and want to simultaneously transmit (UL) or receive (DL) when the outage is 5% (percentage of non-served users). In other words, the capacity is defined here as the offered traffic in terms of number of users when the outage is 5%. An outage can be a user blocked due to lack of code resources at the closest (path-loss-wise) Node B or a user dropped due to its inability to maintain an acceptable C/I ratio.

The results shown here refer to the number of simultaneous connections that a 12-cell system can support with acceptable performance and where all connections are assumed to be using the same data rate with a specified level of asymmetry. These results are indicative of, and scalable to, multi-rate scenarios.

The initial-assignment based DCA scheme described in section 3 is used by RRM in the network.

Baseline capacity results in sections 4.1 to 4.4 are given for percentage of indoor users 0% in the deployment area. Section 4.5 looks at impacts on capacity for higher percentages of indoor users.

4.1. Voice

This scenario looks at voice service in a single 5MHz carrier. Traffic is assumed to be symmetric, i.e. there are as much radio connections on the UL than on the DL.

By allocating 4 TS to the UL and 8 TS to the DL, TDD is able to support 336 users in Pedestrian A in a single 5MHz carrier. It is important to realize that symmetric traffic does not imply that the optimal ratio between UL and DL timeslots is necessarily 1:1. This is because for this environment, an UL slot can support more connections than a DL slot.
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Figure 4: Capacity with UTRA TDD for voice

Moderate DL asymmetric traffic 2:1 / 144kbps

This scenario looks at moderately DL asymmetric traffic with a ratio of 2:1 in a single 5MHz carrier. Users are allocated a 144kbps bearer in the DL and a 64kbps bearer in the UL.

By allocating 8 TS allocated to the DL and 4 TS to the UL, TDD can support 88 users in Pedestrian A in a single 5MHz carrier.
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Figure 5: Capacity with UTRA TDD for moderate DL asymmetric traffic

4.2. Highly DL asymmetric traffic 6:1 / 384kbps

This scenario looks at highly DL asymmetric traffic with a ratio of 6:1 in a single 5MHz carrier. Users are allocated a 384kbps bearer in the DL and a 64kbps bearer in the UL.

By allocating 10 TS allocated to the DL and 2 TS to the UL, 31 users can be supported in Pedestrian A for a single 5MHz carrier.
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Figure 6: Capacity with UTRA TDD for highly DL asymmetric traffic

4.3. Extremely DL asymmetric traffic (12:1) / 144kbps

This scenario looks at extremely DL asymmetric traffic with a ratio of 12:1 in two 5MHz carriers. Users are allocated a 144kbps bearer in the DL and a 12.2kbps bearer in the UL.

By allocating 10 TS allocated to the DL and 2 TS to the UL on each carrier, 230 users can be supported in Pedestrian A for with two 5MHz TDD carriers.
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Figure 7: Capacity with UTRA TDD for extremely DL asymmetric traffic

4.4. Impacts of indoor penetration on achievable capacity

This scenario investigates the impact of an increased percentage of indoor users on capacity for the 2 cases of moderate and high DL asymmetric traffic in a single 5MHz carrier for Pedestrian A.

In the first case, users are allocated a 144kbps bearer in the DL and a 64kbps bearer in the UL. 8 TS are allocated to the DL and 4 TS to the UL. In the second case, users are allocated 384kbps in the DL and 64kbps in the UL 10 TS are allocated to the DL and 2 TS to the UL.

Base station site-to-site distance is 600m with 39dBm maximum Node B Tx power.

The high percentage of indoor users does not have a significant impact on capacity in both cases.
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Figure 8: Impact of indoor penetration on achievable capacity with UTRA TDD

5. Conclusion

It is intuitive that UTRA TDD is able to carry asymmetric traffic very efficiently as shown in above results for 144kbps and 384 kbps due to its inherent ability to allocate radio resources asymmetrically. The excellent performance of TDD is also shown for symmetric traffic as shown for the case of voice traffic for the over-the-rooftop micro-cellular deployment scenario.

The capacity results illustrate two other effects important for RRM in UTRA TDD. Traffic symmetry does not imply that it is optimally carried on a symmetric timeslot allocation. Also, a TDD system profits from trunking efficiency in an over-proportional manner when increasing the number of timeslots allocated to one direction or allocating a second TDD carrier. One of the reasons for this is DCA having more freedom in terms of timeslot assignments and re-assignments.

Above results from system simulations incorporating full RRM functionality for UTRA TDD demonstrate that R99/R4-based TDD is capable of achieving excellent capacity and coverage, in particular R99/R4 based DL inner-loop power-control is not a source of capacity loss – contrary to what was indicated in [1].

These simulation results furthermore highlight the particular characteristics of RRM for UTRA TDD, the importance of DCA due to its time-slotted nature and the presence of MUD, making it an absolute necessity to take them properly into account for any further evaluations of proposed TDD power control enhancements.
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Appendix A - simulation assumptions

	UTRA TDD (3.84 Mcps option) over-the-rooftop micro-cellular deployment scenario 

	Number of sectors (cells)
	12 (no wrap-around)

	BS Antennas
	17.8 dBi (15.6 dBd) with 65 degrees azimuth.

	Cable loss
	2 dB

	UE antenna gain
	0 dBi

	Site-to-site distances
	600 m

	Body loss at UE
	3 dB

	Path loss model
	Cost 231 PCS extension to Hata Model (medium city)

	Channel model
	Pedestrian A and B / 3 kmh

	Percentage of indoor users
	0%

	Shadowing standard deviation
	10 dB

	Frequency
	2000 MHz

	Minimum Coupling Loss
	65 dB

(Note: with this value, approx 2.5% of the users are at MCL)

	BS Max Total Tx Power
	33 dBm

	BS Max Tx Power per user
	33 dBm

	UE Max Tx power
	22 dBm

	UE Min Tx Power
	-50 dBm

	BS Noise figure
	5 dB

	UE Noise figure
	9 dB

	BS Max Total Tx Power
	33 dBm

	BS Max Tx Power per user
	33 dBm

	UE Max Tx power
	22 dBm

	Indoor penetration loss
	Fixed / 12dB

	BLER quality targets for different services

12.2 kbps

64 kbps

144 kbps

384 kbps
	1%
10%
10%
10%

	Voice activity factor
	90%

	Common channel overhead
	DL: 2 TS’s
UL: 1 TS

	Power Control
	Fixed step size / 1dB

	UL Rx Diversity
	On

	DL Tx Diversity
	STD

	Outage criterion
	5%
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Over-the-rooftop micro-cellular deployment (144 kbps)
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