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1 Introduction
A number of documents were presented in the last three meetings (RAN2#69bis, 70 and 70bis) in order to discuss the need for new measurement and/or search capabilities to support for inter-frequency measurements within the scope of 4C- HSDPA. 
The following agreements were reached in RAN2#70bis:

1. The ability to perform measurements on carriers other than the anchor carrier without compressed mode is optional.  

2. This capability is applicable to 4C-HSDPA capable UEs and is valid across the band combination supported by the UE.

However, the following issues remained FFS:

1. The granularity of how many carriers (all or nothing or number of carriers) will be signalled
2. Whether this capability applies differently to single band or dual band configuration

The present document discusses the additional measurement capability signaling, proposing a simple way to report such capabilities to the network.  
2 Discussion
For Rel-10 4C-HSDPA, UEs will be designed such that they are capable of supporting certain band combinations and frequency bandwidth within each band, as defined in [1]. In order to receive proper configuration from the network for 4-carrier HSDPA reception, the UE must signal this capability (supported band/carrier combinations) as agreed in RAN2#70bis.  
However, simultaneous reception on up to 4 HSDPA carriers is a capability that is independent from UE measurements capabilities. The UE measurements capabilities are implementation specific and depend on the number of included “measurement modules” (e.g. searchers and receivers).   
If the UE is designed with enhanced or additional measurement modules, then it needs to signal this capability to the network using a simple and effective mechanism, so that the UE can receive an appropriate measurement configuration optimized for its measurement capabilities (with or without compressed mode). 
The number of carriers that the UE can measure while maintaining the measurement time requirements specified by RAN4 depend on the measurement module design and the number of measurement modules available in the UE. However, such measurement modules are typically independent of band and/or frequency (i.e. can be used on any band/frequency combination within the signaled supported band/frequency combinations).  This means that if an additional measurement module is available in the UE, it can be used for measurement on any frequency that the receiver can be tuned to, while still receiving data on the configured carriers. 
Therefore we do not think it is necessary to have separate flags to independently signal whether you can measure only on adjacent frequencies or only on different bands or both.  

Based on UE band/frequency support that is signaled to the network, the number of carriers that the UE can measure without compressed mode gaps and the existing configuration of UE, the network can infer and determine which frequencies can be measured without compressed mode gaps.   The other measured frequencies in addition to the primary frequency may be any of the following:

1. One of the secondary carriers, if configured.
2. An adjacent frequency to the configured carrier(s) on any of the configured bands given that the UE has the additional bandwidth to receive on that frequency (e.g. can tune on that frequency without interrupting the reception on the configured carriers).

3. If the UE is configured to receive on the primary band only, a frequency in a band other than the primary band, which is part of the supported band combination list (e.g. the other band and the primary band form a combination within the signaled supported band combination list)

Two examples below are shown in the Appendix to explain how the network can infer which frequencies the UE can measure without compressed mode gaps.  

In summary, the network should be capable of determine which frequencies can be measured without CM gaps within the specified measurement performance requirement given the knowledge of: 

· The band/carrier supported combinations that are signaled as part of 4-carrier HSDPA capability information
· The total number of the carriers that the UE can measure without CM gaps
In order to signal this combination a number of options have been considered below.  

Option 1

The UE signals the total number of carriers 1 to 4.  This would imply that the R10 capability over-rides the R8 and R9 flags.  For example, if as part of R10 capability the UE signals that it can measure 2 carriers then the UE can measure 2 frequencies in total in the frequencies/bands as determined by the R10 frequency/band combination signaling.   
	IE
	Need
	Multi
	Type and reference
	Semantics description
	Version

	4C-HSDPA UE measurement capability
	OP
	
	Integer (0…3)


	Indicates the additional number of carriers the UE can measure without compressed mode within the specified measurement requirements.
	Rel-10


Option 2

The UE uses an optional flag with the option of signaling either 3 or 4 carriers.  If the IE is not present then the UE does not support any additional measurement capabilities for R10.  Therefore, the R8 and R9 flags can be used to signal any Rel-8 or Rel-9 capabilities.
	IE
	Need
	Multi
	Type and reference
	Semantics description
	Version

	4C-HSDPA UE measurement capability
	OP
	
	Enumerated (3,4)
	3 and 4 indicate that the UE can measure up to 3 or 4 carriers, respectively, without compressed mode.
FALSE indicates that UE can measure without compressed mode 3 carriers.
	Rel-10


Option 3

The UE uses a 1 bit optional enumerated field, if present the UE can measure as many carriers as supported by the UE, is not present then the UE falls back to the R8/R9 capabilities.  

	IE
	Need
	Multi
	Type and reference
	Semantics description
	Version

	4C-HSDPA UE measurement capability
	OP
	
	Enumerated (TRUE)
	TRUE indicates that UE can measure without compressed mode as many carriers as supported by the UE. 
	Rel-10


Option 2 and 3 are very similar, with the exception that with Option 2 the UE can explicitly signals whether it supports measurement on 3 or 4 carriers.   It can be argued that Option 3 when compared to Option 2 will result in a reduced network complexity, given that the network will not have to deal with too many capability combinations.  However, given that some UEs may only support 3 cell HSDPA and some may support 4 cell HSDPA, the network will still have to deal with two sets of UE categories, the one that can measure 3 and the ones that can measure 4.   
From a UE prospective it would be beneficial to be able to report how many carriers it can support, either 3 or 4.  Therefore, it is proposed to adopt Option 2.  

Proposal:  Introduce a optional Rel-10 flag that allows the UE to signal to the network whether it can measure up to 3 or up to 4 carriers.  If this flag is not present the UE falls back to the R8 and/or R9 measurement capabilities.    

As shown in Table 1, if the Rel-10 IE is not present in any UE supported scenario (Single or Dual Band), the legacy optional REl-8 and/or Rel-9 may be set based on Rel-8 and Rel-9 UE capabilities.  This provides the UE the option to inform the network that it can measure 2 carriers and whether it supports measurements on a adjacent frequency or on a different band.
If present, the flag indicates the extra measurement capabilities for the 4C-HSDPA UE.  Given that the network receiving these capabilities may be a Rel-9 network and may therefore not be able to receive the R10 capabilities, it is important that the Rel-8 and 9 flags are also set and signaled to the network.  Given that the UE is not aware of the Release of the network it would be beneficial that the Rel-8 and Rel-9 flags are set in such a way that regardless of the network capability to support 2C, 3C, or 4C HSDPA the UE will be expecting a similar behavior for the different configurations.   Therefore, it is proposed that the Rel-8 and Rel-9 flags should be set as suggested in Table 1.

The following table explains the functionality associated with this new proposed optional measurement capability IE and its relation with the optional legacy Rel-8 and Rel-9 flags presence and settings:

	Supported scenario
	REl-10 flag
	Rel-9 flag
	Rel-8 flag

	Any scenario

(Single or Dual Band)
	Not Present.
	(0 or 1) optional
	(0 or 1) optional

	4C-HSDPA Single Band supported only
	Present (3 or 4)
	0 
	1

	4C-HSDPA Dual Band 
	Present (3 or 4)
	1
	1


Table 1 Rel-10, Rel-9 and Rel-8 measurement capability flags relation
Note: The case for 2 carriers can be always signaled using Rel-8 and/or Rel-9 flag(s).
3 Conclusion
In this contribution the following proposal was made in regards to UE inter frequency measurements capability signaling:
Proposal:  Introduce a optional Rel-10 flag that allows the UE to signal to the network whether it can measure up to 3 or up to 4 carriers.  If this flag is not present the UE falls back to the R8 and/or R9 measurement capabilities.    
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4 Appendix
In both examples the UE is assumed to signal the following capabilities and support:

· Support for 4-carrier HSDPA with Band A (3 carries) and B (1 carrier) combination

· Support for 4-carrier HSDPA with Band A (3 carriers) and C (1 carriers) combination 

· Ability to measure 2 carriers without compressed mode gaps 

In the first example, shown in Figure 1, the UE is configured only with one frequency (F1) in Band A.  Given the capabilities signaled above, the network may configure the UE to measure any of the following frequencies without CM gaps:

· F1-1 or F1+1 in Band A; or 

· F2 or F2+1 or F2-1 in Band B; or 
· F3 or F3+1 or F3-1 in Band C 
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Figure 1: UE configured with F1 in Band A 

In the second example, shown in Figure 2, the UE is configured with one frequency in Band A and another frequency in Band B.  This implies that the network can only configure the UE to measure frequency F1+1 or F1-1 in Band A, or F2 only in Band B.   The UE can only be configured to measure F2 in Band B without CM gaps because it only supports the 3-1 frequency combination in Bands A-B.  Moreover, no frequencies can be measured in Band C without CM since the UE is already configured for operation in two bands.    
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Figure 2: UE configured with F1 and F2 in Band A and B respectively
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