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1
Introduction

In [1], a work item on 4C-HSDPA was recently introduced in RAN#46. During the discussion of Rel-8 DC-HSDPA, Rel-9 Dual Band DC-HSDPA and Rel-9 DC-HSUPA work items, the need for an additional search of cells on the secondary carrier was extensively discussed in [2]-[14]
In this contribution, we discuss different mobility scenarios and the corresponding search requirements in 4C-HSDPA.

2
UE Search Capability in Dual Cell Operation

In this section, we summarize the UE search capability in different modes of dual cell operation in HSPA.

2.1
Dual Cell HSDPA (DC-HSDPA)

· In DC-HSDPA (2DL/1UL), mobility is based on the anchor carrier.

· The minimum cell search capability of a DC-HSDPA UE is to perform intra frequency cell search on the anchor carrier frequency only
· In addition to the mandatory requirement to measure cells on the anchor frequency, it is optional for the DC-HSDPA UE to signal a capability to measure cells on a frequency adjacent to the anchor frequency in the absence of compressed mode.
· A DC-HSDPA UE is still limited is still limited to performing search on the anchor and one of the two adjacent carrier frequencies at any given instant without the use of compressed mode 
· fanchor and fadjacent
2.2
Dual Band DC-HSDPA (DB DC-HSDPA)

· In DB DC-HSDPA (1DL/1UL in Band 1 + 1 DL in Band 2), mobility is still based on the anchor carrier.

· The minimum cell search capability of a DB DC-HSDPA UE is to perform intra frequency cell search on the anchor carrier frequency only
· It is optional for the DB DC-HSDPA UE to signal a capability to measure cells on a frequency adjacent to the anchor frequency in the absence of compressed mode.
· It is also optional for the DB DC-HSDPA UE to signal a separate capability to measure cells on the secondary frequency which lies in another band.

· A DB DC-HSDPA UE is limited to performing search on at most 2 carrier frequencies without the use of compressed mode

· fanchor and one of the frequencies adjacent to fanchor or 

· fanchor and fsecondary
2.3
Dual Cell HSUPA (DC-HSUPA)

· In DC-HSUPA (2DL/2UL), the mobility is based on both anchor and secondary frequencies.

· Active Sets are maintained on both primary and secondary uplink frequencies.

· Event 1D is not allowed on the secondary frequency.
· The UE search capability on the secondary frequency without compressed mode is mandatory when the secondary carrier is enabled. 
· Furthermore, it shall be capable of measuring on an adjacent carrier without compressed mode regardless of whether the secondary downlink/uplink cell or the secondary uplink cell alone is deactivated by the HS-SCCH order.
3
4C-HSDPA Mobility Scenarios
In this section, we investigate mobility scenarios in 4C-HSDPA that could require an increase in UE search capability relative to DC-HSDPA, DB DC-HSDPA and DC-HSUPA devices.

3.1
Mobility Scenario 1

This scenario is reflective of a hot-spot as shown in Figure 1. It can be described as follows:

· In a sector A belonging to a NodeB, three adjacent frequencies (f1, f2, f3) are deployed in a single band

· In a sector B belonging to another NodeB, only one frequency (f1) is deployed.
· UE is configured on the DL with 3 serving HS-DSCH cells (f1, f2, f3) and 2 uplink frequencies (f2, f3). 

· The choice of configuring these two frequencies (f2, f3) on the uplink is to allow for uplink load balancing. 

· In other words, if every UE transmitted on f1, then there could be excess load on the uplink on f1 and hence there are some UEs offloaded from f1 to transmit on f2 and f3. 

· UE is moving from sector A to sector B

· Since UE transmits on both f2 and f3, as per DC-HSUPA rules, it performs search on both these frequencies, irrespective of whether the secondary uplink frequency is activated or not.

· For the purpose of serving cell change to sector B, the UE needs to make measurements on f1.
Hence, in addition to performing RRM measurements on f2 and f3 for the purpose of maintaining an active set, the UE would need to perform a search on the third carrier (universal carrier f1) for the purpose of a serving cell change. Compressed mode is always an option to allow the UE to search on f1 in the above example when the network detects that the UE is going out of coverage with respect to sector A. However, in order to avoid impact in user experience due to compressed mode [3],[5] it would be highly beneficial to allow the UE to remain uninterrupted on the downlink. This would come at the cost of increasing its search capability from 2 adjacent carriers to 3 adjacent carriers without the need for compressed mode. This was the same reason used in previous releases to justify the optional UE search capability to search on an adjacent carrier in DC-HSDPA or the secondary carrier in DB DC-HSDPA. The measurement requirement in the absence of compressed mode as defined in current specifications for the two adjacent carrier case should then be extended symmetrically to the third carrier. In fact, depending on the UE search capability, the network may decide whether to put a UE in the sector A configuration or include f1 in its configuration.
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Figure 1: Hot Spot Scenario, UE is configured on 3DL (f1, f2, f3)/2UL (f2, f3) in the same band and is moving to a sector B which transmits on a single frequency (f1) on the DL
3.2
Mobility Scenario 2

This scenario, again reflective of a hot-spot, is shown in Figure 2. It can be described as follows:

· In sector A belonging to a NodeB , four adjacent frequencies (f1, f2, f3,f4) are deployed in a single band

· In sector B belonging to another NodeB, two adjacent frequencies (f1, f2) are deployed

· UE is configured on the DL with 4 serving HS-DSCH cells (f1, f2, f3, f4) and 2 uplink frequencies (f3, f4). 

· The choice of configuring these two frequencies (f3, f4) on the uplink is to allow for uplink load balancing. 

· In other words, if every UE transmitted on f1, then there could be excess load on the uplink on f1 and hence there are some UEs offloaded from f1 and f2 to transmit on f3 and f4. 

· UE is moving from sector A to sector B

· Since UE transmits on both f3 and f4, as per DC-HSUPA rules, it performs search on both these frequencies, irrespective of whether the secondary uplink frequency is activated or not.

· For the purpose of serving cell change to sector B, the UE needs to make measurements on either f1 or f2 or both f1 and f2.
Hence, in addition to performing RRM measurements on f3 and f4 for the purpose of maintaining an active set, the UE would need to perform a search on either f1 or f2 or both for the purpose of a serving cell change.  The reason it may be useful to search on both carriers is to allow for scenarios where the NodeB decides to shut down a carrier for some period of time (due to energy savings or interference management). Compressed mode is always an option to allow UE to search on each of f1 and f2 in the above example when the network detects that the UE is going out of coverage with respect to sector A. However, in order to avoid impact in user experience due to compressed mode [3],[5], it would be highly beneficial to allow the UE to remain un-interrupted on the downlink. This would come at the cost of increasing its search capability from 2 adjacent carriers to 3 adjacent carriers or even 4 carriers in the absence of compressed mode. The measurement requirement in the absence of compressed mode as defined in current specifications for the two adjacent carrier case should then be extended symmetrically to the third carrier. 
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Figure 2: Hot Spot Scenario, UE is configured on 4DL (f1, f2, f3, f4)/2UL (f3, f4) in the same band and is moving to a sector B which transmits on two frequencies (f1, f2) on the DL

Note that if it is required that the UE searches across all 4 carriers, the measurement requirement in the 2 additional carriers (f1, f2) could be relaxed to match the requirement for the case when it is required to search only on the third carrier (f1 or f2). So, for example, the UE could search simultaneously 4 cells each on f1 and f2 every 200ms or could measure 8 cells on either f1 or f2 (depending on which one is configured in the Measurement Control message) every 200ms.

3.3
Mobility Scenario 3

This scenario, also reflective of a hot-spot is shown in Figure 3. It is almost identical to Mobility Scenario 1 except for the following:

· In sector A belonging to a NodeB, one frequency f1 is deployed in a particular band and two adjacent frequencies (f2, f3) are deployed in another band

· In sector B belonging to another NodeB, only one frequency (f1) is deployed

· The choice of configuring these two frequencies (f2, f3) on the uplink is due to the fact that if the user were configured on two uplink frequencies, they need to be adjacent. 

For the same reasoning used for Mobility Scenario 1, to support Mobility scenario 3, a need to extend the UE search capability to simultaneous search in 3 carriers can be justified.
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Figure 3: Hot Spot Scenario, UE is configured on 3DL (f1 in Band 1, f2, f3 in Band 2)/2UL (f2, f3 in Band 2) and is moving to a sector B which transmits on one frequency (f1 in Band 1) on the DL
3.4
Mobility Scenario 4

This scenario, again reflective of a hot-spot, is shown in Figure 4. It is almost identical to Mobility Scenario 2 except for the following:

· In sector A belonging to a NodeB, two adjacent frequencies (f1, f2) are deployed in a single band and two adjacent frequencies are configured in another band.

· In sector B belonging to another  NodeB, two adjacent frequencies (f1, f2) are deployed
For the same reasoning used for Mobility Scenario 2, to support Mobility scenario 4, a need to extend the UE search capability to simultaneous search in 3 or 4 carriers can be justified. 

In general, when the UE needs to search beyond what is configured now, there is a need for additional searchers, and depending on the complexity, we could have more searchers with tighter requirements or fewer searchers with looser requirements.
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Figure 4: Hot Spot Scenario, UE is configured on 4DL (f1, f2 in Band 1, f3, f4 in Band 2)/2UL (f3, f4 in Band 2) and is moving to a sector B which transmits on one or two frequencies (f1 or f2, or f1, f2 in Band 1) on DL

3.5
Mobility Scenario 5

This scenario shown in Figure 5 corresponds to the concept of dynamic load balancing in 4C-HSDPA as discussed in [15]. The motivation here is to allow the NodeB, due to uplink load considerations, to dynamically order the UE to change its secondary uplink frequency to either uplink frequency adjacent (left or right) to the primary uplink frequency. Hence for the same reasons, namely maintenance of an active set, that justified the need for a mandatory searcher on the secondary frequency in DC-HSUPA, if a UE had to support dynamic load balancing, it would have to be able to search simultaneously on the 2 frequencies that are adjacent to the primary frequency. Also, in addition to performing RRM measurements on these 3 frequencies, it would also need to maintain an active set on each of these frequencies.
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Figure 5: Dynamic Load Balancing Scenario, UE is configured on 3DL (f1, f2, f3)/2UL (f2, f3 or f1/f2) in the same band. UE can dynamically switch it’s UL from (f2, f3) to (f2, f1) due to uplink load balancing
3.6
Mobility Scenario 6

This scenario, shown in Figure 6, is very similar to Mobility Scenario 1, except that the UE is configured on a single uplink frequency f3. In this case, since the UE transmits on a single uplink f3, it only needs to maintain an active set on frequency f3. However for the purpose of a serving cell change, it needs to search on a non-adjacent frequency f1. So even though the search capability requirement in terms of searching two frequencies did not increase relative to the optional search capability allowed in Rel-8, there is now a requirement to search on a non-adjacent frequency amongst the configured carriers. Since the UE is tuned to the channel bandwidth on the DL that spans this non-adjacent frequency (to decode HS-DSCH data across the configured carriers), this UE search capability should be straightforward to be met relative to the Rel-8 optional UE search capability that exists today.
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Figure 6: Hot Spot Scenario, UE is configured on 3DL (f1, f2, f3)/1UL (f3) in the same band and is moving to a sector B which transmits on a single frequency (f1) on the DL

4
Conclusions
In this document, we have discussed a few mobility scenarios in 4C-HSDPA that justify the need to increase the UE capability to search beyond 2 carriers in the absence of compressed mode. In particular, based on this discussion we have the following proposals:

Proposal 1: The minimum cell search capability of a 4C-HSDPA UE is to perform intra frequency cell search on the anchor carrier frequency only
Proposal 2: As an optional capability, a 4C-HSDPA can signal the capability to search on an additional carrier frequency if that frequency is one of the configured carriers. This even applies to the case when the additional frequency is a configured DL carrier in the same band as the anchor carrier frequency, but not adjacent to the anchor carrier.

Proposal 3: As an optional search capability, in addition to performing search on the downlink frequencies corresponding to the configured uplink frequencies, a 4C-HSDPA can signal the capability to search on up to two additional carrier frequencies if each of these frequencies is one of the configured DL carrier frequencies.

Proposal 4: If a UE is capable of searching 3 carriers, the RRM requirement for the 3rd carrier is the same as for the other 2 carriers as defined today for Rel-9 DC-HSUPA

Proposal 5: If a UE is capable of searching 4 carriers, the combined RRM requirement across both the 3rd and 4th carriers is the same as for the other 2 carriers as defined today for Rel-9 DC-HSUPA
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