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1 Introduction

In RAN#62, a new work item was agreed to increase the minimum requirement for number of carriers which can be monitored in UTRA and LTE. The objectives of the work item are

	Increase the minimum number of inter-frequency carriers and cells a UE shall be able to monitor for UTRA and for EUTRA. The corresponding working assumptions are 

· inter-frequency and inter-RAT for UTRA and E-UTRA:
· UTRA FDD max 5 carriers

· For the total number of cells, max 80 cells can be considered as a signalling limitation by RAN2

· The upper limit on the number of cells/carrier can be discussed

· E-UTRA FDD max 8 carriers

· E-UTRA TDD max 8 carriers

· inter-RAT for E-UTRA:

· UTRA TDD max 6 carriers

· Minimum requirements for total number of carriers to monitor in 25.133 and 36.133 shall also be addressed 

For UTRA FDD,  Idle/URA_PCH/CELL_PCH states and CELL_DCH/CELL_FACH state operation shall be considered.

For E-UTRA FDD and E-UTRA TDD,  RRC idle mode and RRC connected state operation shall be considered.

The work on inter-frequency layers to be monitored shall be prioritized over inter-RAT layers to be monitored.

Any changes shall be backwards compatible from a core and performance requirements point of view, ie the solution should not worsen existing RRM requirements (e.g., delays) and power consumption in the UE when using the number of carriers/cells a UE can monitor in the existing specification

Requirements shall also be developed for UE that support the optional capability to make inter-frequency and interRAT measurements without gaps.


In this contribution we focus on UTRA FDD aspects in Cell-DCH and Cell-FACH states
2 Disucssion

We begin by summarising existing requirements and working assumptions according to the WID [1] in table 1. 

	UTRA FDD serving cell (25.133)
	
	

	 
	Idle/cell PCH/URA PCH
	Cell FACH
	Cell DCH

	UTRA FDD Inter (1)
	2 (5)
	2 (5)
	2 (5)

	UTRA TDD Inter (1)
	3
	3
	3

	GSM
	32 cells on up to 32 carriers =1 layer
	32 cells on up to 32 carriers =1 layer
	32 cells on up to 32 carriers =1 layer

	E-UTRA FDD
	4 (9)
	4 (9)
	4 (9)

	E-UTRA TDD
	4 (9)
	4 (9)
	4 (9)

	Total layers
	8 (TBD)
	Not specified
	8 (TBD)

	
	
	
	

	Note (1) : 32 (80) interfrequency cells covers UTRA FDD and TDD


TABLE 1 : Existing minimum requirements for measurements and working assumptions for increased monitoring capability according to [2].
In this contribution we focus on connected state aspects. The updated monitoring capabilities are shown in brackets in Table 1, and are mostly copied from the WID. Three aspects are worthy of discussion.

1) For interRAT measurements of E-UTRA FDD and E-UTRA TDD, we have assumed 9 frequencies, on the basis that this is typically one more than the number of interfrequency carriers specified in 36.133, since when camped in idle mode on a E-UTRA cell, one frequency is measured as an intra frequency

2) The total increased number of layers is not specified in the WID, but clearly needs to be increased from 8. In [3], a number of operators experessed interest in increased capability in the range 10-16. Our view is that a total of 13 may be sufficient. 

3) The number of cells is of particular importance in the work, since it will also have an impact to RAN2. Therefore RAN4 should urgently discuss the number of cells needed, and whether the 80 cell working assumption in the WI can be confirmed.

Proposal 1 : The minimum requirement for total number of carriers to monitor should be increased to 13 for UTRA cell FACH and cell DCH states.
Measurements for Cell DCH state

In cell DCH state, measurements are either made with compressed mode, or in natural DRX/DTX occurring with continuous packet connectivity (CPC) introduced in release 7. In most cases, compressed mode patterns are configured, with the UE cell detection and measurement minimum performance defined by the compressed mode gap density. 

There are also various requirements for measuring without compressed mode, such as the optional capabilities associated with release 99, and measurements capabilities associated with multicarrier operation from release 8-release 11 (some of which are applicable also when multicarrier HSDPA is not configured). In certain cases (according to the capabilities “Adjacent Frequency measurements without compressed mode”, “Inter-band Frequency measurements without compressed mode” or “Enhanced inter-frequency measurements without compressed mode”) where the UE is not configured with compressed mode gaps, different performance requirements are defined when DL_DRX_Active=1 compared with when downlink DRX is inactive. For release 99 capabilies to measure without compressed mode, there are no separate requirements for DRX and non DRX operation.
Considering the RRM requirements with compressed mode, a separate compressed mode pattern is defined for each radio access technology, but within a RAT, compressed mode gaps are assumed to be shared between different carrier frequencies (for example the UTRA interfrequency cell detection and measurement period scale according to the number of configured UTRA carriers, and E-UTRA measurements are measured in a different gap pattern which scales according to the numbe of configured E-UTRA carriers). From a UE perspective compressed mode gaps are a fixed resource in time, and the network may configure different compressed mode gap densities. The network may mitigate a performance loss from measuring more carriers by configuring a denser compressed mode pattern (although naturally with loss of scheduling opportunity as the tradeoff. For this reason, we think that it is reasonable to define requirements for measuring an increased number of carriers following exactly the same approach as has been used for interfrequency measurements so far, with the only change that the expected Nfreq scaling factors for UTRA and E-UTRA may be larger. This also includes measurements of interfrequency detected set according to the capability “Inter-frequency detected set measurements”.
Proposal 2 : Requirements for measuring an increased number of carriers with compressed mode are defined following exactly the same approach as has been used for interfrequency measurements so far, with the only change that the expected Nfreq scaling factors for UTRA and E-UTRA may be larger.
There are also a large number of UE capabilies for interfrequency measuremengts without compressed mode, some of which have different RRM requirements associated with them. The possibile capabilities are

· Need for downlink compressed mode/ Need for uplink compressed mode (indicated per band)
· Adjacent Frequency measurements without compressed mode
· Inter-band Frequency measurements without compressed mode
· Enhanced inter-frequency measurements without compressed mode
· Frequency specific compressed mode
· Frequency specific compressed mode for non-contiguous operation

· Inter-frequency measurements on configured carriers without compressed mode
Only the final capability “Inter-frequency measurements on configured carriers without compressed mode” is dependent on a scaling factor Nfreq. While the other capabilities may result in higher UE complexity if there are more than 2 interfrequency configured carriers, it should be kept in mind that thes are optional UE capabilities. Since there is no Nfreq scaling, measurement reporting delays will not be increased if the number of carriers increases. For “Inter-frequency measurements on configured carriers without compressed mode”, it may be beneficial to consider different performance with a similar proposal to the one we propose for UTRA idle mode as shown in table 2. In principle 5 configured interfrequency carriers are possible if a UE supports 8C-HSDPA.

	Number of configured interfrequency carriers 
	Scaling factor for requirements

	1
	1

	2
	2

	3
	3

	4
	3

	5
	4


Table 2 : Requirements for interfrequency reselection with increased number of carriers

Proposal 3 : For the optional capabilities “Need for downlink compressed mode/ Need for uplink compressed mode”, “Adjacent Frequency measurements without compressed mode”, “Inter-band Frequency measurements without compressed mode”, “Enhanced inter-frequency measurements without compressed mode”, “Frequency specific compressed mode”, “Frequency specific compressed mode for non-contiguous operation” no changes are made to existing requirements when an increased number of carriers is considered.
Proposal 4 : For the capability “Inter-frequency measurements on configured carriers without compressed mode” different scaling factors are adopted when 4 or 5 carriers are configured.
Measurements for Cell FACH state

In Cell FACH state, there are two types of requirements for interfrequency and E-UTRAN measurements – requirements for measurements with measurement occasions, and measurement requirements when HS-DSCH discontinuous reception is ongoing. E-UTRA measurements were added in cell FACH state in release 11.

For measurements with measurement occasions, one main difference from cell-DCH compressed mode is that measurement occasions do no have a defined purpose, and are shared between E-UTRA, FDD interfrequency, TDD interfrequency and GSM measurements. However, similar considerations apply as for compressed mode measurements, since the measurement occasion pattern is configurable, and the requirements are scaled according to the number of carriers.

Proposal 5 : Requirements for measuring an increased number of carriers with measurement occasions are defined following exactly the same approach as has been used for interfrequency measurements so far, with the only change that the expected Nfreq scaling factors for UTRA and E-UTRA may be larger.
For measurement requirements when HS-DSCH discontinuous reception is ongoing, an approach similar to that in table 2 could be considered

Proposal 6 : For measurement requirements when HS-DSCH discontinuous reception is ongoing different scaling factors are adopted when 4 or 5 carriers are configured.
Number of cells for interfrequency neighbour list in Cell-DCH and Cell-FACH
The WID [1] contains a working assumption of 80 for the number of cells for inter-frequency neighbour cell lists. Increasing the number of interfrequency cells is also discussed as a part of the work on UTRA hetnet in all RRC states including idle mode. In [5] we evaluated the impact to performance of different UTRA neighbour cell list sizes and did not see any fundamental impact, based on the evaluation of the 3 stages of cell search. The evaluation was performed for 64 cell NCL size, but the conclusion would also be valid for 80 cells. 

One company indicated that there may be impact for their implementation. Since the details of the impact have not been presented in RAN4 it is difficult to conclude, but we think that fundamentally the UTRA cell search should not be significantly relaxed based on increasing from 32 to 80 cells. 
It should be noted that the two discussions relate to different work items, and we think it is important that RAN4 replies to the outstanding UMTS Hetnet liaison statement, which was received in RAN4#69, during RAN4#70, independently of any consideration under the IncMon work item. However we can also anticipate that if the number of interfrequency carriers is increased, some of the carriers may be used for hetnet deployments, In the IncMon WID it is stated that “The upper limit on the number of cells/carrier can be discussed”. However, based on our analysis there should be limited inpact to cell detection even if all 80 cells are configured on one carrier frequency. Hence, within the context of the IncMon work item, we would not like to introduce any restriction on the number of cells per carrier other than the overall limitation of 80 cells.

Proposal 7 : A maximum of 80 inter-frequency cells is confirmed, and no specific restrictions are introduced on the number of cells per frequency.
At any rate, as noted earlier, RAN2 needs to urgently develop the signalling for >32 interfrequency UTRA neighbours in release 12. Hence our recommendation is that RAN4 should already confirm that 80 cells can be considered as a signalling limitation by RAN2, with further discussion possible on the performance that can be specified by RAN4.

Proposal 8 : A liaison statement is sent to RAN2 confirming 80 interfrequency neighbour cells for the work
3 Conclusions

In this contribution we evaluate 25.133 requirements for measurements in Cell-FACH and Cell-DCH state when monitoring an increased number of carriers and make the following proposals :
Proposal 1 : The minimum requirement for total number of carriers to monitor should be increased to 13 for UTRA cell FACH and cell DCH states.
Proposal 2 : Requirements for measuring an increased number of carriers with compressed mode are defined following exactly the same approach as has been used for interfrequency measurements so far, with the only change that the expected Nfreq scaling factors for UTRA and E-UTRA may be larger.

Proposal 3 : For the optional capabilities “Need for downlink compressed mode/ Need for uplink compressed mode”, “Adjacent Frequency measurements without compressed mode”, “Inter-band Frequency measurements without compressed mode”, “Enhanced inter-frequency measurements without compressed mode”, “Frequency specific compressed mode”, “Frequency specific compressed mode for non-contiguous operation” no changes are made to existing requirements when an increased number of carriers is considered.
Proposal 4 : For the capability “Inter-frequency measurements on configured carriers without compressed mode” different scaling factors are adopted when 4 or 5 carriers are configured.
Proposal 5 : Requirements for measuring an increased number of carriers with measurement occasions are defined following exactly the same approach as has been used for interfrequency measurements so far, with the only change that the expected Nfreq scaling factors for UTRA and E-UTRA may be larger.
Proposal 6 : For measurement requirements when HS-DSCH discontinuous reception is ongoing different scaling factors are adopted when 4 or 5 carriers are configured.
Proposal 7 : A maximum of 80 inter-frequency cells is confirmed, and no specific restrictions are introduced on the number of cells per frequency.
Proposal 8 : A liaison statement is sent to RAN2 confirming 80 interfrequency neighbour cells for the work
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