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1
Introduction

The subject of secondary frequency search and the corresponding RRM requirements for DC-HSDPA was discussed in [1]-[4]. In this contribution, we perform an analysis of compressed mode operation related to inter-frequency measurements. Based on this analysis, we propose a new measurement capability for DC-HSDPA UEs that do not require compressed mode to perform secondary frequency search. Furthermore, for such a measurement capability in DC-HSDPA capable UEs, we propose to introduce a new cell identification and UE CPICH measurement requirement for cells that are measured on the secondary frequency.
2
Distinction between inter-frequency and secondary frequency cell search

In this section, in the context of DC-HSDPA, we would like to draw the distinction between inter-frequency cells and secondary frequency cells. A secondary frequency refers to the frequency associated with the secondary serving HS-DSCH cell. 

A DC-HSDPA UE is capable of simultaneously demodulating both cells and hence is continuously tuned to the secondary frequency while both cells are activated. Hence there maybe some DC-HSDPA UEs in the network that can take advantage of this additional receiver and search the secondary frequency more often than the remaining cells that appear in the inter-frequency cell-info list.
If the secondary frequency appears in the inter-frequency cell-info list, the secondary frequency can easily be detected by the UE without the need for any explicit signaling from the UTRAN to the UE for both of the following cases:
· DC-HSDPA UE is configured by the RNC to operate on dual cells

· In this case, as part of Active Set Update, the UE will be provided an information element on the secondary cell, which will include the frequency of this cell.
· DC-HSDPA UE is configured by the RNC to operate on a single cell

· In this case, since DC-HSDPA is restricted to adjacent carrier operation (Release 8), the secondary frequency is separated by 5MHz (either to the left or right) from the currently assigned serving cell.

· If both frequencies (left and right) appear in the inter-frequency cell-info list, then in that case, a simple rule could be introduced to decide which of the two frequencies could be deemed to be the secondary frequency.

· For example, the first of the two candidate secondary frequencies that appears in the list.
3
Compressed Mode Analysis of Inter-Frequency Measurements
In this section, we show results of compressed mode measurements for Inter Frequency Handoff from the field. Fig 1 shows a typical example of compressed mode, triggered by reporting of Event 2d. The compressed mode duration is defined as the delay between times T4 and T5.
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Figure 1: Call Flow of Triggering of Compressed Mode

The compressed mode parameters were set such that the Transmission Gap Pattern Length (TGPL) was set to 8 frames, while the Transmission Gap Length (TGL) was set to 7 slots. Table 1 shows the average, standard deviation, minimum and maximum compressed mode duration for two different drive routes.
Table 1: Statistics of Compressed Mode Duration
	 
	Route A
	Route B

	Average of CM duration [sec]
	15.8
	7.8

	StdDev of CM duration [sec]
	13.3
	2.9

	Min of CM Duration [sec]
	3.7
	3.6

	Max of CM Duration [sec]
	42.4
	14.2


From 25.133, it can easily be seen how such large times for compressed mode search are possible. Copying from 25.133:

8.1.2.3.1
Identification of a new cell

The UE shall be able to identify a new detectable cell belonging to the monitored set within 
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TMeasurement_Period Inter = 480 ms. The period used for calculating the measurement period Tmeasurement_inter for inter frequency CPICH measurements.


TInter:: This is the minimum time that is available for inter frequency measurements , during the period TMeasurement_Period inter with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by using the actual idle length within the transmission gap as given in the table 11 of Annex B in TS 25.212 and by assuming 2*0.5 ms for implementation margin and after that taking only full slots into account in the calculation.


Tbasic_identify_FDD,inter = 300 ms. This is the time period used in the inter frequency equation where the maximum allowed time for the UE to identify a new FDD cell is defined.


NFreq: Number of FDD frequencies indicated in the inter frequency measurement control information.
In the above equation, if one assumes a compressed mode duty cycle of ~5% and even with NFreq = 1, the cell identification time itself can easily grow as large as 6 seconds. On top of the cell identification time, one would also need to add the CPICH measurement capability (as in Section 8.1.2.3.2. of 25.133).
4
Impact of Compressed Mode
The use of compressed mode could cause impacts to both throughput as well as mobility. As an example, Table 2 shows the compressed mode duty cycle for a few different configurations. 
Table 2: Typical Compressed Mode Parameter Settings
	TGL (slots)
	TGPL (frames)
	Duty Cycle (%)

	7
	4
	11.67

	7
	6
	7.78

	7
	8
	5.83

	7
	10
	4.67

	7
	12
	3.89

	7
	14
	3.33

	7
	16
	2.92

	7
	18
	2.59


Furthermore, in the case of HS transmissions on the DL, a timing relationship exists between the start of an HS-SCCH transmission and the end of the HS-DPCCH that contains the ACK/NACK information for the corresponding HS-PDSCH. As shown in Figure 2, this equals 15.5 slots. This means that the Mac-hs scheduler needs to avoid scheduling the user 15.5 slots prior to the start of the CM transmission gap. 
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Figure 2: HS-SCCH/HS-PDSCH/HS-DPCCH Timing Relationship
Table 3: Increase in Duty Cycle due to HS timing constraint
	TGL (slots)
	TGPL (frames)
	Effective Duty Cycle (%)

	7
	4
	37.50

	7
	6
	25.00

	7
	8
	18.75

	7
	10
	15.00

	7
	12
	12.50

	7
	14
	10.71

	7
	16
	9.38

	7
	18
	8.33


The impact due to the combination of the HS timing constraint and the CM gap constraint is summarized in Table 3. The effective time, for which HS transmissions are blanked, now ranges from 8.3% to 37.5% which is quite significant. Given that one of the goals of DC-HSDPA is to enhance user experience, the gains due to DC-HSDPA could completely disappear due to the compressed mode gaps.
The use of compressed mode can also have impact on mobility. Consider a scenario where a hotspot kind of pico-cell is using carriers f1 and f2, while neighboring macro cells are using f1 [1]. For load balancing purposes, some UEs may have the carrier f2 as anchor (i.e., their uplink is on f2'). If such a UE is moving out of the coverage of the pico-cell, if it were to use compressed mode to find cells on f1, it may need up to 10-15 seconds (as shown in Table 1). In 10 seconds, a UE that is traveling at 20 m/s may have traveled up to 200m. Given that a pico-cell may have smaller coverage (of the order of hundreds of meters) compared to a macro-cell, either compressed mode would have to be triggered very aggressively (which causes loss in throughput), or there is a danger that the UE may run out of coverage on f2. Both these scenarios pose constraints on deployments.
On the other hand, if a UE is able to search on f1 without requiring use of compressed mode, then RNC does not have to trigger compressed mode for the purposes of this UE. If RNC is interested in load balancing across the two carriers, it could choose f2 as anchor for UEs that can search without requiring compressed mode, while keeping f1 as anchor for UEs that do not have this capability. This allows a lot of flexibility in network deployment.
Thus, we see significant benefits in allowing a UE that is able to search on an adjacent frequency without requiring use of compressed mode to signal this capability to the RNC.
5
Introduction of UE measurement capability
In the following, we cut and paste from [6], the proposals related to a new UE measurement capability in RANWG2:
Based on the analysis and the discussion in the previous sections, if a UE is capable of DC-HSDPA, we propose the following:

Proposal 1: If the DC-HSDPA capable UE does not require compressed mode to perform search of neighbor cells on the secondary carrier, then the UE signals this measurement capability to the RNC. A new information element (1-bit) would need to be introduced in the IE Measurement Capability (10.3.3.21) and Measurement Capability Extension (10.3.3.21a) as specified in 25.331 [5].
Proposal 2: If the DC-HSDPA capable UE does not require compressed mode to perform search of neighbor cells on the secondary carrier, and is activated on a single carrier, then it infers the secondary carrier from the inter-frequency cell info list as follows:
· The first inter-frequency cell that appears in the list, whose frequency is adjacent (carrier separation = 5MHz) to the carrier that carries the serving HS-DSCH cell is considered to be the secondary carrier.
· If the other adjacent frequency also appears later in the inter-frequency cell info list, then cells on this frequency are measured in the same manner as the other inter frequency cells.

Proposal 3: If the DC-HSDPA capable UE is activated on both carriers, then the secondary carrier frequency is determined from the frequency information of the secondary serving cell IE that would be provided at the time of Active Set Update. In that case, the UE will begin measuring inter-frequency cells whose frequency info matches that of the secondary serving cell’s frequency info, without relying on compressed mode.
6
New measurement requirement for secondary frequency when compressed mode is not required
Based on the discussion above, we conclude that there is a benefit in allowing DC-HSDPA UEs to signal to the UTRAN, the capability to measure cells on the secondary frequency without the need for compressed mode. Hence we propose a measurement requirement identical to what is used for intra-frequency cells, for both the new cell identification time and the UE CPICH measurement capability as follows:
Proposal 1: If the UE does not need compressed mode to perform secondary frequency measurements (for a DC-HSDPA capable UE with both cells configured) or adjacent frequency measurements (for a DC-HSDPA capable UE with 1 cell configured), the UE shall be able to identify a new detectable cell belonging to the monitored set within


[image: image4.wmf]ms

Max

þ

ý

ü

î

í

ì

×

=

Intra

Intra

 

Period,

t

Measuremen

intra

 

FDD,

identify

basic

intra

 

identify

T

T

T

,

800

T


Proposal 2: If the UE does not need compressed mode to perform secondary frequency measurements (for a DC-HSDPA capable UE with both cells configured) or adjacent frequency measurements (for a DC-HSDPA capable UE with 1 cell configured), the UE shall be capable of performing CPICH measurements for 8 secondary-frequency cells or adjacent frequency cells respectively, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200ms.
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