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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 E-UTRA connected mode aspects.
2 Disucssion

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

	E-UTRA serving cell (36.133)

	 
	RRC connected

	UTRA FDD Inter (1)
	3 (6)

	UTRA TDD Inter (1)
	3 (6)

	GSM
	32 cells on up to 32 carriers =1 layer

	E-UTRA FDD
	3 (8)

	E-UTRA TDD
	3 (8)

	E-UTRA FDD RSTD
	1 (1)

	E-UTRA TDD RSTD
	1 (1)

	CDMA 2000 1x
	5 (5)

	HRPD
	5 (5)

	Total layers
	7 (TBD)


TABLE 1 : Existing minimum requirements for measurements and working assumptions for increased monitoring capability according to [2].
In this contribution we focus on connected mode aspects. The updated monitoring capabilities are shown in brackets in Table 1, and are mostly copied from the WID. Two aspects are worthy of discussion.
1) For interRAT measurements of UTRA FDD, we have assumed 6 frequencies, on the basis that this is typically one more than the number of interfrequency carriers specified in 25.133, since when camped in idle mode on a UTRA FDD 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. 
Proposal 1 : The minimum requirement for total number of carriers to monitor should be increased to 13 for E-UTRA connected mode.

UE that need measurement gaps for connected mode measurements
For both DRX and non-DRX operation, UEs are configured with measurement gaps. In the case of DRX operation, more relaxed performance requirements were defined in release 8, and UE may either measure in the gaps, or in natural DRX where the UE receiver does not need to receive on the serving frequency. However, even in DRX operation, it cannot be assumed that there would always be sufficient natural DRX to make interfrequency measurements without UE making use of the gaps.

Since measurement gaps are a fixed resource, there appear to be only two possible alternatives for  measurements of additional carriers using gaps

Alt-1 : Keep the existing approach from release 8 where equal gap sharing is assumed for the measurements of each configured carrier. In RAN4 terms, this corresponds to having equivalent RRM requirements for cells on each interfrequency / inter RAT carrier frequency, and scaling by the number of frequencies, Nfreq.
Alt-2 : Prioritise the cell detection and measurements on some carrier frequencies, which will result in reduced performance on other frequencies.

Our preference is for alternative 2. The possibility to prioritise has also earlier been mentioned in the operators contribution [4] : “For connected mode different prioritisation could be used for the extended minimum number of carriers in order to keep low UE power consumption and do not increase delay for higher priority carriers”. 
Under this proposal, the additional carriers could be measured with a more relaxed performance so as to maintain closer to legacy performance for the other carriers. This approach makes sense when considering that release 8 – release 11 UE are most likely only able to measure according to the minimum requirements in TS36.133, and therefore will ignore any additional carriers in the neighbour list. Release 12 UE would be able to measure and report the additional carriers, while providing as similar as possible performance on the carriers that the release 8-11 UE is capable of measuring.

RAN4 is also discussing reduced performance for interfrequency measurements in LTE hetnet for power saving purposes. In our opinion, there is a good opportunity for a harmoinsed solution which addresses the needs of both the LTE hetnet small cells work item and this IncMon work item. Although the usage of increased monitoring is not only for hetnet, it is likely that when a large number of carriers are configured for monitoring, some of the carriers are being monitored for capacity purposes (eg load balancing or offload) rather than for coverage purposes. By allowing reduced performance measurements on the capacity carriers, it means that the performance impacts to the measurements on the coverage carriers are minimised.
Proposal 2 : RAN4 considers requirements with relaxed performance for gap based measurement of additional carriers
Proposal 3 : Common relaxed performance requirements are developed for LTE hetnet interfrequency small cell discovery and for monitoring increased number of carriers

Proposals 2 & 3 raise a question on how the UE should determine which carriers to measure with relaxed performance, and which carriers to measure with a higher level of performance. The same question arises within the context of LTE hetnet work, since even if a UE is configured with only one carrier frequency, it would need to know whether relaxed RRM requirements for power saving or legacy RRM requirements apply. For LTE hetnet an explicit indication would thus be necessary if relaxed performance requirements are adopted. This indication would be provided on a per carrier frequency basis, and can indicate whether relaxed performance applies on that frequency. If the UE is configured only with frequencies where relaxed performance is indicated then there are power saving opportunities. If the UE is configured with a mixture of relaxed and non-relaxed performance carriers, then the relaxations on some frequencies allow other frequencies to be measured with greater performance.
Another aspect which is worthy of discussion is the RRM performance of the non relaxed carriers under proposal 3. Since it can be assumed that some gaps are needed to measure the carriers with relaxed RRM requirements, the performance of the non relaxed carriers is still impacted to a minor extent, although less so than if the gaps were shared equally between carriers.

Our preference for the relaxed carrier measurement performance is a burst gap pattern, as described in greater detail in [5].  One main motivation for using such a pattern is that the  RF settings such gain settings may be reused between gaps. The burst gap pattern is shown in figure 1.
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Figure 1 : Burst gap pattern

In this case, we assume that measurements without relaxed RRM performance also need to be performed. In this case, the gaps depicted in grey in figure 1 would be used for the measurements without relaxed performance, ie legacy gap pattern with MGRP=40ms or 80ms is configured. It should be noted that figure 1 is not shown to scale. The burst gaps are assumed to be shared between carriers that are measured with relaxed performance. As a numerical example, if Tburst =10.24s, MGRP=40ms and Ngap=3, then there are 253 gaps out of 256 =98.8% of gaps available for measurements with legacy performance. Since this is only a numerical example, it would be necessary to evaluate the exact impact to the legacy measurements once the burst gap pattern is finalized, but the impact may even be negligible depending on the burst gap pattern.
UE that do not need measurement gaps for connected mode measurements

For UE that have the capability to measure without gaps, RRM requirements are defined with an effective Tinter1=60ms according to 36.133

A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.

This principle has benefit for both UE and network. From a UE perspective, similar baseband processing and scheduling for interfrequency measurements can be used for scenarios that are measured without gaps and measurements with gaps. The baseband processing requirements for cell search and measurement are the same whether or not measurement gaps are configured.  From eNB perspective there is also benefit in that similar RRM methodologies such as threshold can be used for UE that measure without gaps as for UE that measure with gaps, since the UE performance can be assumed to be very similar.
When considering monitoring an increased number of carriers, we think that it would be beneficial to contine with a similar approach. Although in principle, it may be possible to consider increased interfrequency measurement activitiy for UE that measure without gaps, this may also necessitate significant additional work potentially including hardware changes to UE searcher to deal with the increased baseband requirement, as well as further increased power consumption compared to UE which measure using gaps. Especially since measurement without gaps is an optional capability, it seems better to keep the measurement activity similar to the measurement activity for measurement with gaps.

Thus we propose to concentrate on the requirements for monitoring an increased number of carriers when gap patterns are configured, and then to use the following proposal to derive the requirements for UE capable of measuring without gaps.
Proposal 4 : For monitoring an increased number of carriers a UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used.
InterRAT UTRA measurements
For UTRA interfrequency measurements, we propose that up to 80 cells can be configured. This corresponds to an average of up to 16 cells per frequency if 5 frequencies are configured, although we do not propose to introduce any restrictions on how many cells can be configured per carrier frequency. Since we propose that one more UTRA frequency (UTRA FDD or UTRA TDD) can be configured for interRAT measurements of UTRA, there would be some argument for allowing a neighbour cell list of 96 cells on up to 6 frequencies. On the other hand, the minimum requirement in the existing TS36.331 specification is 32 cells, which is the same as for UTRA interfrequency

	#minCellperMeasObjectUTRA
	The minimum number of neighbour cells that a UE shall be able to store within a MeasObjectUTRA
	32


For this reason, we propose to increase #minCellperMeasObjectUTRA to 80. Further details may be found in our discussion of UTRA interfrequency measurements for connected states [6].
Proposal 5 : A maximum of 80 inter-RAT UTRA cells is confirmed, and no specific restrictions are introduced on the number of cells per UTRA frequency.

Proposal 6 : A liaison statement is sent to RAN2 confirming 80 interfrequency neighbour cells for the work

3 Conclusions 
In this contribution we discuss monitoring an increased minimum number of carrier frequencies for E-UTRA RRC connected state, and make the following proposals:
Proposal 1 : The minimum requirement for total number of carriers to monitor should be increased to 13 for E-UTRA connected mode.

Proposal 2 : RAN4 considers requirements with relaxed performance for gap based measurement of additional carriers

Proposal 3 : Common relaxed performance requirements are developed for LTE hetnet interfrequency small cell discovery and for monitoring increased number of carriers

Proposal 4 : For monitoring an increased number of carriers a UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used.

Proposal 5 : A maximum of 80 inter-RAT UTRA cells is confirmed, and no specific restrictions are introduced on the number of cells per UTRA frequency.

Proposal 6 : A liaison statement is sent to RAN2 confirming 80 interfrequency neighbour cells for the work

4 References

[1] RP-132061, “New work item on increasing the minimum number of carriers for UE monitoring in UTRA and E-UTRA”, Ericsson, Teliasonera, Orange, China Mobile, Telecom Italia, SoftBank Mobile, eAccess, Nokia, NSN, KT, Verizon, Deutshe Telecom, Huawei, HiSilicon, Qualcomm, Telenor, Samsung, Alcatel-Lucent, AT&T, US Cellular, T-Mobile, CATT, China Telecom
[2] R4-136039, “Minimum number of carriers a UE can monitor for E-UTRA”, Ericsson
[3] R4-135585, “Operators view on: Maximum number of carriers a UE should be able to monitor for UTRA and for E-UTRA”, TeliaSonera AB, China Mobile, DT, Orange, SoftBank Mobile
[4] R4-136629, “Minimum number of carriers a UE should be able to monitor for UTRA and for E-UTRA in idle AND/OR connected mode”, Teliasonera

[5] R4-14aaaa, “Motivation burst gap pattern for relaxed performance requirements in interfrequency small cell discovery” , Ericsson
[6] R4-14bbbb, “Increasing the minimum requirements for number of carriers which can be monitored in UTRA connected states”, Ericsson 

