
3GPP TSG-RAN WG4 Meeting #47bis
R4-081410
Munich, Germany, June 16 – 20, 2008

Agenda Item:
6.1.7.6
Source: 
Ericsson
Title: 
Monitoring of Multiple Layers in a Single Gap Pattern
Document for:
Approval
1. Introduction

In RRC_CONNECTED mode, the UE can be requested to monitor one or more IF and/or IRAT during the same measurement gap pattern. RAN4 has agreed that UE can be requested to monitor up to 3 E-UTRA inter-frequencies [1]. In addition the UE can be requested to monitor on one or more RAT depending upon network deployment scenario. The possible RATs are: UTRAN FDD, UTRAN TDD, GSM, HRPD and cdma2000 1x RTT. 

A number of earlier RAN4 contributions have addressed to resolve the multiple simultaneous IF and IRAT monitoring [2-5]. However, RAN4 has not been able to finalize how the UE will share the gap pattern for performing various types of IF/Inter-RAT monitoring. 

While keeping into consideration the preceding discussions in RAN4 we provide further thoughts on how to define the requirements. 

2. Serial Gap Monitoring
The IF/IRAT monitoring can either be done in parallel or in serial manner. According to the former approach a single gap could be used by the UE to monitor multiple E-UTRAN carriers and RAT if possible e.g. UE monitors one E-UTRA and one UTRA carrier during 6 ms gap. Due to frequency switching overheads and other implementation reasons there seems to be consensus in RAN4 that parallel monitoring is not desirable. Therefore in this paper we will restrict our analysis of serial gap monitoring. Since there can still be more than one variant of the serial monitoring our analysis is further limited to the scheme which was referred to as partly serial monitoring in our earlier contribution [3].
In our proposed serial scheme only one E-UTRA carrier or RAT is monitored in a gap at a time. But in addition monitoring of same carrier or RAT recurs after all other remaining IF carriers/RATs are monitored. Thus monitoring of each carrier/RAT alternates after each gap in an interleaved fashion. For clarification the monitoring implies that UE could do cell search or/and measurement of already identified cells. Furthermore, the order in which UE performs monitoring should be up to UE implementation. 
In order to further elaborate this scheme let’s consider that network configures the UE to monitor N (N>1) total number of E-UTRA carrier frequencies and/or RATs. Let us also assume that N configured E-UTRA carries and/or RATs are represented by a set: [K1, K2, K3,((,KN]. Then using these notations for IF/RAT, the suggested serial monitoring scheme is illustrated in figure 1.
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Figure 1: Serial monitoring of multiple IF and RAT in a gap pattern.
TGRP: Transmission gap repetition period

TGL: Transmission gap length
As shown in figure 1 only one of the configured IF/RATs is monitored in a single gap and is monitored again after all the remaining ones are monitored in the same way. One the average this scheme is expected to provide complete measurement results (e.g. measurement reports) from all E-UTRA IF carriers and RATs within the same time range.
3. Priority Handling in RRC_CONNECTED

We discussed in our earler contribution that the concept of priority associated with different E-UTRA carriers and RAT for monitoring purpose is more signicant for cell reselection in RRC_IDLE mode [3]. The priority levels are broadcasted via system information to steer UE to monitor higher priority E-UTRA carrier or RAT regardless of serving cell quality. 

It is important that for a given IF/RAT configuration the performance requirements are easily deduced both in idle and connected modes. In dle mode due to lack of full network control strict priority handling are used, which in turn allow the network to control UE behaviour in terms of cell reselection. We believe that strict priority handling in connected mode can be avoided if the gap monitoring behaviour is specified to an extent that cell search and measurement requirements can be derived by the network. We prefer not to specify any strict priority in connected mode. 
Implementation specific priority handling:
In connected mode the network has full control to update set of IF carriers/RATs for monitoring by adding or removing the carriers or RATs. Furthermore due to interleaved monitoring approach as shown in figure 1 the measurement results corresponding to different IF/RATs are likely to be available at the network at roughly sametime range provided cells on these RATs are equally strong. The availability of results within same time frame would allow network to choose the IF/RAT for performing handover i.e. by sending handover command to the UE for the IF/RAT, which the network (serving cell) intends to prioritize. In summary according to this approach there will not be any explicit IF/RATs monitoring priority rather it will be handled by the network it self. 

4. Derivation of Requirements
It is important that requirements (cell search and measurement reporting delay) are easily derived for any combination of IF/RATs, which are requested by the network. Since various combinations are possible in practice therefore it becomes quite cumbersome to specify core requirements for all cases. Our observation of the serial monitoring scheme in figure 1 reveals that no explicit corresponding requirements are needed. Instead the requirements for each IF/RAT can be derived from individual requirements in a specific test case by taking into consideration the effective gap density used by an individual IF or RAT. However some level of UE bahviour to ensure that multiple IF/RATs are monitiored in serial manner should be specified. 
5. Scenarios for Multiple IF/RAT Monitoring Tests
In practice the UE will be requested to monitor only sub-set of all RATs, which are within the scope of E-UTRAN-RAT interworking. It is though important that RAN4 defines necessary test cases for some of these ‘typical’ multiple IF/RAT scenarios. The goal of the test would be to verify that UE is able to identify the cells of the configured IF and RAT within the stipulated time i.e. correct events are reported while fulfilling the requirements. Some examples of test scenarios related to IF/RAT monitoring could be: 

· One E-UTRA intra-frequency carrier, one inter-frequency and 1 UTRAN FDD carrier

· One E-UTRA intra-frequency carrier, one inter-frequency and 1 UTRAN TDD carrier

· One E-UTRA intra-frequency carrier, one inter-frequency and GSM

· One E-UTRA intra-frequency carrier, one inter-frequency and 1 HRPD carrier

· One E-UTRA intra-frequency carrier, one inter-frequency and 1 cdma2000 1x RTT carrier

Later on more complex test scenarios comprising of multiple RATs should be considered. 
6. Summary of Proposal
In this paper a serial monitoring scheme for sharing a single gap patterm for monitoring multiple E-UTRA IF and IRAT has been analyzed. Accoridng to our analysis the proposed scheme would provide reasonsable compromise between system performance and UE/network complexity. It is also suggested that explicit priorities to prioritize different IF/RAT are not used in connected mode rather handled by network itself. It is also suggested that RAN4 develops appropriate test cases with some practical IF/RAT deployment scenarios.
Since some level of clarification is needed to ensure that UE performs serial monitoring, therefore a text proposal is provided for a new section 8.1.2.1.1.
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Text Proposal for TS 36.133

----------------------START OF TEXT PROPOSAL --------------------------
8
UE Measurements Procedures in RRC_CONNECTED State

8.1
General Measurement Requirements 

8.1.1
Introduction

This section contains requirements on the UE regarding measurement reporting in RRC_CONNECTED state. The requirements are split in E-UTRA intra frequency, E-UTRA inter frequency, Inter-RAT UTRA FDD, UTRA TDD and GSM measurements. These measurements may be used by the E-UTRAN, e.g. for handover decisions. The measurement quantities are defined in TS 36.214, the measurement model is defined in TBD and measurement accuracies are specified in section 9. Control of measurement reporting is specified in TS 36.331.
8.1.2
Requirements

8.1.2.1
UE measurement capability

If the UE requires transmission gaps to identify and measure inter-frequency and/or inter-RAT cells, in order for the requirements in the following subsections to apply the E-UTRAN must provide a single transmission gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs.

During the monitoring gaps the UE:

· shall not transmit any data 

·  is not expected to tune its receiver on the E-UTRAN serving carrier frequency.
Inter-frequency and inter-RAT mesurement requirements within this section rely on the UE being configured with one monitoring gap pattern.  UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 that are relevant to its measurement capabilities.

Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	Transmission Gap Length (TGL, ms)
	Transmission Gap Repetition Period
(TGRP, ms)
	Measurement Purpose

	0
	6
	40
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	120
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	TBD
	TBD
	TBD
	TBD


[Editor’s note: Further patterns still need to be defined in order to fulfil all required Inter-RAT monitoring purposes.]

The requirements in section 9 are applicable for a UE performing measurements according to this section.
8.1.2.1.1
Monitoring of Mulltiple Layers
The UE shall monitor multiple layers (E-UTRA, UTRA FDD, UTRA TDD, CDMA2000 1x and HRPD carrier frequencies and GSM) in a single transmission gap pattern in serial manner such that only one layer is monitored in a gap at a time and the same layer is monitored again after all other configured layers have been monitored. The order in which layers are monitored is up to UE implementation. The serial monitoring scheme is illustrated in figure 8.1.2.1.1-1, where the set [K1, K2, K3,(, KN] represents N layers to be monitored by the UE in a single transmission gap pattern. The parameters TGL and TGRP are defined in table 8.1.2.1-1.
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Figure 8.1.2.1.1-1: Serial monitoring of multiple layers in a single transmission gap pattern
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