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1. Introduction and Background

A number of earlier RAN4 contributions have discussed the need to specify the performance requirements for simultaneous inter frequency and inter-RAT measurements using combined compressed mode patterns [1][2][3][4]. Based on the previous RAN4 contributions and offline discussions with different companies, we provide some guideline on the necessary test cases needed to ensure appropriate UE behaviour when doing simultaneous IF and IRAT handover measurements in the field. 

2. Combined Compressed Mode: Status in RAN4

The inter-frequency cell search requirements [5] were recently improvement leading to shorter handover delay, which could allow the practical use of combined patterns. Secondly, great deal of interest has been shown in utilizing the combine pattern in order to meet the increasing traffic demand especially in the hotspot zones. But as of today in RAN4 specifications [5][6] test cases to support simultaneous IF and IRAT handover measurements are missing. This means if the network uses this feature (combined compressed mode patterns) the corresponding UE performance in real network cannot be guaranteed. Therefore we propose that RAN4 investigates this vital area and specify the necessary test cases to ensure the desired performance. 

3. Proposal: CM Patterns and Test Cases

It has been expressed in earlier contributions and also during the offline discussions that there is a need to specify two types of test cases in RAN4: RRM test case(s) and demodulation test case(s).

3.1. New RRM Test Case

Test cases in TS 25.133 [5] tests the performance of individual IF and IRAT measurements. The need for a combined IF and IRAT measurement test case has been emphasized earlier both in the plenary [1] and during the offline discussion. In order to specify such a test case, combined compressed mode patterns are needed. A set of 4 compressed mode patterns would be required for such a test case: one for IF measurement and 3 for IRAT related measurements (RSSI, BSIC decoding and BSIC reconfirmation). Furthermore, such patterns should provide realistic measurement reporting delay for different types of measurements. Ericsson [2] and Siemens [3] have earlier proposed such patterns, which could be the candidates for an RRM test case. A revised version of the combined patterns, which were proposed earlier in [2] are provided in annex A.1 of this document. These patterns provide a balance between the performance for IF and IRAT measurements. The other set of proposed patterns [3] are given in annex A.2 of this document. 

3.2. Changes to Physical Layer Test Case: Demodulation

In 25.101 [6], section 8.9 defines two test cases (tests 1 and 2) for the compressed mode method by spreading factor reduction (SF/2). In these tests the demodulation performance is tested with the downlink power control activated. These test cases use Set 1 compressed mode pattern parameters in Table A.21 given in clause A.5 of 25.101 [4], where TGPL1 = 4 frames and TGL1 = 7 slots. This corresponds to the gap intensity of 1.75 slots/frame, which is significantly sparse compared to the practical scenario due to combined pattern. As already shown earlier [2] [3] the gap intensity of combined patterns can be more than 4 slots/frame. We therefore believe that in order to ensure correct demodulation performance in compressed mode a test case with denser pattern with the gap intensity in the range of 4 slots/frame is needed. The choice of such a pattern can be determined by the UE measurement capability requirements specified in TS 25.133 [5]. According to TS 25.133 (section 8.1.2) [5]: 

If the UE utilises compressed mode for inter-frequency and/or inter-RAT measurements, in order for the requirements in the following subsections to apply the UTRAN must: 

-
provide transmission gap pattern sequences with TGPL1 > 1, and

-
ensure that with the activation of one or more transmission gap pattern sequences, no more than two frames contain a transmission gap within any window of three consecutive frames, and

· ensure that there is a minimum of 8 slots between the end of the first transmission gap and the beginning of the second transmission gap in case of two successive compressed frames.

This means there is a limitation that in any window of 3 frames, maximum of 2 frames can be compressed. Satisfying these requirements we propose to use a pattern with two 7-slot gaps every 3rd frame for the demodulation test. In terms of compressed mode parameters, this would mean:

· TGL1= 7 slots, TGL2=7 slots, TGPL1=3 frames and TGD=15 slots. 

The detail parameters of this pattern are illustrated in annex B. Having such a compressed mode gap in 2 consecutive frames, spaced by only 8 slots is demanding for the power control, as the UE has to recover the power control 2 times and the UE has only 8 slots to recover before the start of the next compressed mode gap. We believe, that this is a realistic scenario in real-networks and thus a suitable candidate for the demodulation test. 

Another issue that needs also to be considered is the propagation condition. Slow variation of the channel may be more demanding for a single large gap, while in case of faster variations 2 smaller gaps may be more demanding. We therefore propose to use case 3 (120 km/hr) propagation condition instead of the existing case 2 (3 km/hr) would already ensure sufficient independence of the conditions between the two 7-slot compressed mode gaps. 

In order not to increase the number of test cases, we suggest to replace the current demodulation test cases with the proposed dense pattern (Annex B of this document) and use case 3 propagation condition. 
4. Conclusions

Several previous contributions have expressed the need to specify RAN4 test cases for simultaneous inter frequency and inter RAT measurements. Currently there are no UE test cases in RAN4 to support combined compressed mode. Based on the earlier contributions and the offline discussions on this subject, we have listed down the issues that need to be addressed. 

We propose that one RRM test case is needed in which the UE will be required to do simultaneous IF and IRAT (RSSI, BSIC decoding and BSIC reconfirmation). Furthermore, we propose to modify the current demodulation test cases in 25.101, section 8.9 [6] by utilizing denser pattern and case 3 propagation conditions (faster variations). We believe the proposed test cases are necessary to ensure appropriate UE behaviour in the field.
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Annex A: Compressed Mode Patterns for RRM Test

Two different combined patterns were proposed in earlier contributions. Any of them can be used in RRM test case.

A.1: Proposal 1

Four parallel compressed mode patterns are defined: one for IFHO and 3 for IRAT-HO (RSSI, BSIC decoding and BSIC reconfirmation), which are illustrated in table A.1.1 and figure A.1.2. 

Table A.1.1 Combined patterns for simultaneous IFHO and IRAT-HO measurements

	Parameter
	IF
	RSSI
	Init BSIC
	BSIC reconfirm

	TGCFN Offset
	0
	4
	12
	20

	TGSN [slot]
	8
	8
	8
	8

	TGPL1[frames]
	8
	24
	24
	24

	TGL1 [slots]
	14
	14
	14
	14

	TGD [slots]
	0
	0
	0
	0

	Summary
	One 14 slot-gap/8 frames
	One 14-slot gaps/24 frames
	One 14-slot gaps/24 frames
	One 14 slot-gap/24 frames

	Gap intensity*
[slots/frame]
	1.75 
	0.5833
	0.5833
	0.5833


*Gap intensity of the combined patterns = 3.5 slots/frame (IF: 1.75 + IRAT: 1.75)
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Figure A.1.2. IF and IRAT measurement gaps during 24 frames cycle

A.2: Proposal 2

Four parallel compressed mode patterns are defined: one for IFHO and 3 for IRAT-HO (RSSI, Init BSIC decoding and BSIC reconfirmation), which are illustrated in table A.2.1 and figure A.2.2. 

Table A.2.1 Combined patterns for simultaneous IFHO and IRAT-HO measurements

	Parameter
	IF
	RSSI
	Init BSIC
	BSIC reconfirm

	TGCFN Offset
	0
	1
	3
	6

	TGSN [slot]
	3
	4
	8
	4

	TGPL1[frames]
	8
	8
	8
	8

	TGL1 [slots]
	7
	7
	14
	7

	Summary
	One 7 slot-gap/8 frames
	One 7-slot gaps/8 frames
	One 14-slot gaps/8 frames
	One 7 slot-gap/8 frames

	Gap intensity*
[slots/frame]
	0.875 
	0.875
	1.75
	0.875


*Gap intensity of the combined patterns = 4.375 slots/frame
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Figure A.2.2: IF and IRAT measurement gaps during 24 frames cycle

Annex B: Compressed Mode Pattern for Demodulation Test

Table B.1.1: Proposed compressed mode pattern for demodulation test

	Parameter
	Set
	Note

	TGSN (Transmission Gap Starting Slot Number)
	4
	

	TGL1 (Transmission Gap Length 1) 
	7
	

	TGL2 (Transmission Gap Length 2)
	7
	Two gaps in use.

	TGD (Transmission Gap Distance) 
	15
	Two gaps in use.

	TGPL1 (Transmission Gap Pattern Length) 
	3
	

	TGPRC (Transmission Gap Pattern Repetition Count) 
	NA
	Defined by higher layers

	TGCFN (Transmission Gap Connection Frame Number):
	NA
	Defined by higher layers

	UL/DL compressed mode selection
	DL & UL
	2 configurations possible DL &UL / DL

	UL compressed mode method
	SF/2
	

	DL compressed mode method
	SF/2
	

	Downlink frame type and Slot format
	11B
	

	Scrambling code change
	No
	

	RPP ( Recovery period power control mode)
	0
	

	ITP ( Initial transmission power control mode)
	0
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Figure. B.1.2. Illustration of compressed mode pattern with two 7-slot gaps in a cycle of 3 frames.
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