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1
Introduction
In this contribution, we discuss two issues in the mobility for Dual-band DC HSDPA. We first illustrate the need for the flexibility of assigning the serving HS-DSCH cell to either carrier for load balancing. Then we compare the performance of inter-frequency search for dual band UEs with and without a secondary searcher. 
 2 
The need for UL Load balancing 

In [1], Nokia/NSN argued that “it could be useful to define an anchor band where the uplink would always be located”. 

Under this deployment scenario, the serving HS-DSCH cell for all UEs will be on one carrier, implying that all the Dual-Band DC HSDPA users are served by the same carrier on the UL. Contrary to conventional perception that data traffic is DL centric, it is widely reported [2] that traffic over WCDMA network is becoming symmetric on the DL and UL. The popularity of peer-to-peer (P2P) traffic is one important reason. The P2P popularity is growing in spite of the various lawsuits brought against some of its technology and service providers. 
On the other hand, DL and UL capacity, however, still has a sizable gap. For example, Qualcomm reported in the NGMN simualtion [3] that HSPA Rel.7 DL/UL capacity ratio is around 1.7:1 even with Interference Cancellation (IC) on the uplink. The DL/UL capacity ratio is around 2.5:1 without UL IC. 
Combining these two facts, namely, the symmetric traffic demand and asymmetric capacity on the DL and UL, use of a single UL carrier to support both DL carriers during busy hours will result in severe congestion on the UL and low utilization on the DL. The UL congestion is present even if all the legacy single-carrier users are put into the other band although the DL can be further loaded by these users. 

The above problem will be greatly mitigated if the serving HS-DSCH cells are spread out over the two bands. Henceforth, we propose not to limit the serving HS-DSCH cell to a single frequency band in Dual-band DC HSDPA. 
3
Compressed mode and inter-frequency search
In many deployments, one carrier could be rolled out as a hot-spot. For example, in a dual band system, a carrier on the 900 MHz band could be available universally, while a carrier on the 2100 MHz band could be a hot-spot. In such cases, as discussed in Section 2, load-balancing on the UL requires the Node-B to switch the HS-DSCH serving cell for several UEs in the hot-spot area to the hot-spot carrier. 
In such cases (where a UE’s serving HS-DSCH cell has limited coverage), inter-frequency search is critical. If a secondary searcher is not available, then these UEs need to be configured with Compressed Mode. When a UE is in the compressed mode, it cannot be served by the scheduler. Given the timing constraints on HS channels, the HS duty cycle for these UEs can be affected even more adversely than the ratio TGL/TGPL. Table 1 shows the loss in HS throughput from Compressed Mode for various values of TGL and TGPL, along with times taken for inter-frequency search with and without compressed Mode. 
We have assumed a 1 sec value for the time from an event 1 to compressed-mode-start and 0.5 sec for physical channel reconfiguration after compressed mode completion.
	TGL (slots) 
	TGPL (slots) 
	HSDPA Loss in duty cycle
	Total Time with CM 
	Total Time without CM 

	7 
	60 
	0.38
	5.10
	1.8 

	7 
	90 
	0.25
	6.90
	1.8 

	7 
	120 
	0.19
	8.70
	1.8 

	7 
	150 
	0.15
	10.50
	1.8 

	7 
	180 
	0.13
	12.30
	1.8 

	7 
	210 
	0.11
	14.10
	1.8 

	7 
	240 
	0.09
	15.90
	1.8 

	7 
	270 
	0.08
	17.70
	1.8 


Table 1. Loss in HSDPA duty cycle, time taken for inter-frequency search with and without Compressed Mode
A large value for TGPL needs to be chosen so as to reduce loss in HS-duty cycle. But this also means that the time taken for interfrequency search will be large and fast moving UEs with hot-spot cell as the serving HS-DSCH cell could run out of coverage and see a call drop. 
4
Methodology for calculating Call Drop Probability
Table 2 shows some assumptions for this methodology. Assume 2100 MHz carrier to be deployed as a single-Node-B cluster as shown in Figure 1 (and that 900 MHz carrier is deployed universally). We have dropped many thousands of UEs uniformly in area in this cluster. Each point in Fig. 1 is a UE. 
	Parameter
	Value Assumed

	Shadowing
	8 dB (fixed) 

	Compressed Mode Trigger
	Based on RSCP 

	UE speed
	120 kmph

	Maximum Allowable Path Loss (MAPL)
	140 dB 


Table 2. Assumptions for the methodology.
We have assumed that Compressed mode is triggered based on RSCP. This is a fair assumption given that Ec/Io falls more gradually than RSCP as a UE moves away from a hot-spot, thereby causing the UL to run out of coverage before the DL does. For a given value of TGPL, we read off Table 1, the time taken for inter-frequency search with (and without) compressed mode. Assuming the UE to be travelling at a speed of 120 kmph, we find the distance the UE travels in this time. 

For example, consider the UE at the center of the black circle in Fig. 2. Assume compressed mode is triggered at this point for this UE. At the end of its inter-frequency search, the black circle represents all the possible destinations for this UE. We find those destinations that are beyond MAPL (defined by angle θ). The probability of call-drop for this UE is defined as θ/360. This is the conditional probability of call drop.
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Figure 1. Layout of the UEs. Balck circle represents all the destinations for the UE at the center of the circle at the end of compressed mode, assuming compressed mode is triggered at the center of the circle.
Binning UEs according to path gain, we plot the conditional probability of call failure for UEs as a function of path gain assuming that compressed mode is triggered at that path gain. Figure 2 shows this plot.
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Figure 2. Single Node-B Hot-spot: Call Drop Probability Vs Path Gain
As an example, if we choose high TGPL values (say 270 slots, so as to minimize HS throughput loss), we will have to choose the CM trigger to be around -124 dB to keep call drop probability low, around 1%. This would mean that around 88% of the UEs in this Node-B are performing Compressed Mode. This introduces severe constraints on the scheduler. 
With a secondary searcher (see the black “No CM” curve in Fig. 2), we see that call drop probabilities can be below 1%, while barely 15% of the UEs are using the secondary searcher for inter-frequency search imposing no constraint on the scheduler.
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Figure 3. 7 Node-B Cluster deploying 2100 MHz carrier.
Figure 3 shows similar behaviour with a 7 Node-B cluster deploying 2100 MHz carriers (assuming that 900 MHz carrier is deployed universally). The call drop probabilities are smaller but lead to the same conclusions as in Figure 2.
5
Conclusions
In this contribution, we propose not to limit the serving HSDSCH cell for Dual-Band DC HSDPA users to a single frequency band. 

For dual band UEs with a hot-spot carrier as serving HS-DSCH cell, TGPL values need to be set to large values to keep HS throughput duty-cycle loss low. This, coupled with the requirement to keep call drop probability low implies that large majority of such UEs will be in compressed mode imposing severe constraints on the scheduler. 
Hence, a secondary searcher is necessary for dual band DC HSDPA UEs. 
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