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1 Introduction
This contribution discusses RAN2’s LS on extending the size of the neighbour cell list for UTRA [1]. The content of the LS is 
	1. Overall Description:

RAN2 is currently investigating the feasibility of extending the size of neighbour cell list (NCL), which aims to solve the issue of mass small cell deployment, as part of the work for the ongoing WI on UMTS Mobility enhancements for Heterogeneous Networks.

RAN2 is considering extending the size of the NCL, thus RAN2 would like to ask RAN4 the following questions:

1) If the size of NCL is to be extended, from 32 to 64 for inter-frequency NCL and from 32 to 64 for intra-frequency NCL in both cases for CELL_DCH, CELL_FACH, CELL_PCH, URA_PCH & Idle, will it impact the current performance requirements defined by RAN4?

2) If requirements are impacted by the above NCL extensions, 

a. what are the expected requirements changes and impacts? 
b. what NCL extension size/value is considered feasible without impacting the current performance requirements defined by RAN4?

2. Actions:

To TSG RAN WG4 
RAN2 respectfully ask RAN4 to investigate the questions above and provide answers to RAN2.



2 Discussion
We begin by reviewing the UTRA cell detection procedures, which is a 3 stage process, and the UTRA CPICH measurement requierments.
Stage 1 : P-SCH detection
In this stage, the UE performs correlation to determine the slot timing of the cell to be detected. The P-SCH channel is a sequence of 256 chips at the start of each slot, which is time multiplexed with the PCCPCH. The primary synchronisation code is a generalised hierarchical Golay sequence, designed to have good aperiodic autocorrelation properties. The same primary synchronisation code is used in all cells, so it seems clear that UE implementations cannot make use of NCL information in the P-SCH detection process. 
Stage 2 : S-SCH detection
Using the slot timing information from stage 1, the UE performs S-SCH detection to determine the code group and frame timing of the cell to be detected. The S-SCH channel is also a sequence of 256 chips at the start of each slot, transmitted at the same timing as the P-SCH. However, unlike the P-SCH there are 16 possible secondary synchronisation codes. From these 16 secondary synchronisation codes, 64 different secondary SCH sequences are derived. The duration of a sequence is one frame, so the full sequence consists of transmission of 15 different S-SCH codes at the start of each consecutive slot in the frame.

The 64 secondary SCH sequences are constructed such that their cyclic-shifts are unique, i.e., a non-zero cyclic shift less than 15 of any of the 64 sequences is not equivalent to some cyclic shift of any other of the 64 sequences. Also, a non-zero cyclic shift less than 15 of any of the sequences is not equivalent to itself with any other cyclic shift less than 15.
This means that by looking at 15 successive S-SCH codes detected (the sequence), the UE may determine both the code group in use, and the frame timing (ie which slot is the first slot in the radio frame).

We note that while increasing the neighbour list size from 32 to 64 increases the number of candidate code groups which could be considered, the slot processing itself is not affected by the increase. In other words, to detect any cell, the UE still needs to perform 16 correlations per slot to detect which of the 16 different S-SCH was used codes in either case. 
Since the slot processing is unaffected, our expectation is that the time taken to detect the code group and frame timing is also unaffected for an increased neighbour list size. The only implication is that depending on the neighbour cell list, in the worst case the UE needs to consider 64 (ie all possible) hypothesis for the overall sequence in the frame, rather than  a subset of up to 32 hypothesis. This may involve a small amount of additional processing, but the expectation is that the major processing load from the secondary search relates to the chip rate processing to detect different S-SCH codes used in each slot, so the additional processing required to consider 64 hypothesis instead of 32 is minor. At any rate, there is no fundamental physical reason why it would take longer to detect from candidate 64 code groups than 32, since the duration of the sequence is 15 slots in both cases. 
Stage 3 : Primary scrambling code (PSC) detection
At the start of stage 3, both frame timing and code group are known. In each code group there are 8 P-CPICH scrambling codes, and the UE needs to determine which code out of these 8 is in use in the cell. Using neighbour cell list information, the UE may be able to determine in certain cases that not all 8 possible scrambling codes are valid (ie corresponding to cells included in the neighbour cell list) and the stage 3 search effort may be reduced in certain cases. However, this reduction is rather independent of the neighbour cell list size and the UE cell search design and processing needs to to meet RAN4 minimum requirements for the worst case, which is when all 8 possible scrambling codes for a certain code group are included in the NCL.
So, regardless of which code group has been detected at stage 2, the UE needs to have capability to correlate with 8 different candidate P-CPICH codes to handle this worst case. Therefore there is no impact foreseen for stage 3 of cell search based on increased neighbour cell list. Having determined the primary scrambling code and timing of the cell to be measured, the UE is now able to begin CPICH measurements.
CPICH measurements
During the CPICH measurement phase, the minimum requirement for the number of cells which the UE is capable of measuring is unaffected by RAN2 proposals, so the UE has to be able to measure 8 cells (intra frequency) or 6 cells (inter frequency) with no change to the existing requirements. Therefore there is no impact anticpated to the measurement of detected cells, and no need for relaxation of the measurement period.
Based on the description of the 3 stages of cell detection and CPICH measurements, we make one observation

Observation 1: The timeline for UE cell detection is not affected by increasing the neighbour cell list size from 32 to 64.

Based on this observation, we are favourable to the possibility to increase NCL size from 32 cells to 64 cells without any impact to RAN4 requirements.

Having considered fundamental cell detection, we now turn our attention to the other aspects of RAN2’s liaison statement.

Intra-frequency and inter-frequency NCL sizes

RAN2 is interested in increasing both intra and inter-frequency NCLs to 64. The fundamental difference between these NCLs is that the intra-frequency cells are all on one carrier frequency, whereas the inter-frequency limitation of 64 cells applies as a total for all inter-frequencies (currently up to 2) which the UE may be configured with. Considering the earlier discussion, we think that increasing NCL size for intra-frequency is feasible. For inter-frequency, the hardest case from a UE perspective would be when all 64 cells are configured on the same frequency, since if they are configured for different frequencies, the measurements for different frequencies take place in different CM gaps. Therefore we conclude that very similar arguments would apply between the intra-frequency case and the inter-frequency case with only one carrier. Inter-frequency cases where the 64 cells are split between multiple carriers are less demanding, and so it should also be feasible to extend the inter-frequency NCL to 64 cells.
RRC state

RAN2 is interested in all RRC states, namely CELL_DCH, CELL_FACH, CELL_PCH, URA_PCH & Idle. Typically, from a RAN4 perspective, different requirements in different RRC states would be motivated by UE power consumption concerns. Since we have not identified any significant increase in the processing necessary to detect a neighbour from 64 candidates compared with 32 candidates, we do not think there is any RAN4 concern with increasing the NCL to 64 cells in all RRC states. Any signalling issues would be a matter for RAN2 to discuss.

Based on these considerations we make the following proposals

Proposal 1: Increasing intra-frequency and interfrequency neighbour cell list sizes from 32 to 64 cells with the same minimum UE performance requirements is feasible in all RRC states (CELL_DCH, CELL_FACH, CELL_PCH, URA_PCH & Idle)
Proposal 2: This information should be indicated to RAN2 in a response liaison statement.
In [2] we provide a corresponding draft liaison statement.
3 Conclusions
In this contribution we analyse the 3 stages of UTRA cell detection, considering the potential impact at each stage of increasing the UTRA neighbour cell list size from 32 cells to 64 cells. Based on this analysis there is no impact to the overall timeline in which a UTRA cell can be detected. Thus we conclude that from a RAN4 perspective it would be feasible to extend the UTRA neighbour cell list size from 32 to 64 cells without the need for relaxation of any RAN4 requirement. 
Proposal 1: Increasing intra-frequency and interfrequency neighbour cell list sizes from 32 to 64 cells with the same minimum UE performance requirements is feasible in all RRC states (CELL_DCH, CELL_FACH, CELL_PCH, URA_PCH & Idle)
Proposal 2: This information should be indicated to RAN2 in a response liaison statement.
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5 Annex A : Secondary synchronisation sequences for UMTS (from 25.213)
	Scrambling

Code Group
	slot number

	
	#0
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8
	#9
	#10
	#11
	#12
	#13
	#14

	Group 0
	1
	1
	2
	8
	9
	10
	15
	8
	10
	16
	2
	7
	15
	7
	16

	Group 1
	1
	1
	5
	16
	7
	3
	14
	16
	3
	10
	5
	12
	14
	12
	10

	Group 2
	1
	2
	1
	15
	5
	5
	12
	16
	6
	11
	2
	16
	11
	15
	12

	Group 3
	1
	2
	3
	1
	8
	6
	5
	2
	5
	8
	4
	4
	6
	3
	7

	Group 4
	1
	2
	16
	6
	6
	11
	15
	5
	12
	1
	15
	12
	16
	11
	2

	Group 5
	1
	3
	4
	7
	4
	1
	5
	5
	3
	6
	2
	8
	7
	6
	8

	Group 6
	1
	4
	11
	3
	4
	10
	9
	2
	11
	2
	10
	12
	12
	9
	3

	Group 7
	1
	5
	6
	6
	14
	9
	10
	2
	13
	9
	2
	5
	14
	1
	13

	Group 8
	1
	6
	10
	10
	4
	11
	7
	13
	16
	11
	13
	6
	4
	1
	16

	Group 9
	1
	6
	13
	2
	14
	2
	6
	5
	5
	13
	10
	9
	1
	14
	10

	Group 10
	1
	7
	8
	5
	7
	2
	4
	3
	8
	3
	2
	6
	6
	4
	5

	Group 11
	1
	7
	10
	9
	16
	7
	9
	15
	1
	8
	16
	8
	15
	2
	2

	Group 12
	1
	8
	12
	9
	9
	4
	13
	16
	5
	1
	13
	5
	12
	4
	8

	Group 13
	1
	8
	14
	10
	14
	1
	15
	15
	8
	5
	11
	4
	10
	5
	4

	Group 14
	1
	9
	2
	15
	15
	16
	10
	7
	8
	1
	10
	8
	2
	16
	9

	Group 15
	1
	9
	15
	6
	16
	2
	13
	14
	10
	11
	7
	4
	5
	12
	3

	Group 16
	1
	10
	9
	11
	15
	7
	6
	4
	16
	5
	2
	12
	13
	3
	14

	Group 17
	1
	11
	14
	4
	13
	2
	9
	10
	12
	16
	8
	5
	3
	15
	6

	Group 18
	1
	12
	12
	13
	14
	7
	2
	8
	14
	2
	1
	13
	11
	8
	11

	Group 19
	1
	12
	15
	5
	4
	14
	3
	16
	7
	8
	6
	2
	10
	11
	13

	Group 20
	1
	15
	4
	3
	7
	6
	10
	13
	12
	5
	14
	16
	8
	2
	11

	Group 21
	1
	16
	3
	12
	11
	9
	13
	5
	8
	2
	14
	7
	4
	10
	15

	Group 22
	2
	2
	5
	10
	16
	11
	3
	10
	11
	8
	5
	13
	3
	13
	8

	Group 23
	2
	2
	12
	3
	15
	5
	8
	3
	5
	14
	12
	9
	8
	9
	14

	Group 24
	2
	3
	6
	16
	12
	16
	3
	13
	13
	6
	7
	9
	2
	12
	7

	Group 25
	2
	3
	8
	2
	9
	15
	14
	3
	14
	9
	5
	5
	15
	8
	12

	Group 26
	2
	4
	7
	9
	5
	4
	9
	11
	2
	14
	5
	14
	11
	16
	16

	Group 27
	2
	4
	13
	12
	12
	7
	15
	10
	5
	2
	15
	5
	13
	7
	4

	Group 28
	2
	5
	9
	9
	3
	12
	8
	14
	15
	12
	14
	5
	3
	2
	15

	Group 29
	2
	5
	11
	7
	2
	11
	9
	4
	16
	7
	16
	9
	14
	14
	4

	Group 30
	2
	6
	2
	13
	3
	3
	12
	9
	7
	16
	6
	9
	16
	13
	12

	Group 31
	2
	6
	9
	7
	7
	16
	13
	3
	12
	2
	13
	12
	9
	16
	6

	Group 32
	2
	7
	12
	15
	2
	12
	4
	10
	13
	15
	13
	4
	5
	5
	10

	Group 33
	2
	7
	14
	16
	5
	9
	2
	9
	16
	11
	11
	5
	7
	4
	14

	Group 34
	2
	8
	5
	12
	5
	2
	14
	14
	8
	15
	3
	9
	12
	15
	9

	Group 35
	2
	9
	13
	4
	2
	13
	8
	11
	6
	4
	6
	8
	15
	15
	11

	Group 36
	2
	10
	3
	2
	13
	16
	8
	10
	8
	13
	11
	11
	16
	3
	5

	Group 37
	2
	11
	15
	3
	11
	6
	14
	10
	15
	10
	6
	7
	7
	14
	3

	Group 38
	2
	16
	4
	5
	16
	14
	7
	11
	4
	11
	14
	9
	9
	7
	5

	Group 39
	3
	3
	4
	6
	11
	12
	13
	6
	12
	14
	4
	5
	13
	5
	14

	Group 40
	3
	3
	6
	5
	16
	9
	15
	5
	9
	10
	6
	4
	15
	4
	10

	Group 41
	3
	4
	5
	14
	4
	6
	12
	13
	5
	13
	6
	11
	11
	12
	14

	Group 42
	3
	4
	9
	16
	10
	4
	16
	15
	3
	5
	10
	5
	15
	6
	6

	Group 43
	3
	4
	16
	10
	5
	10
	4
	9
	9
	16
	15
	6
	3
	5
	15

	Group 44
	3
	5
	12
	11
	14
	5
	11
	13
	3
	6
	14
	6
	13
	4
	4

	Group 45
	3
	6
	4
	10
	6
	5
	9
	15
	4
	15
	5
	16
	16
	9
	10

	Group 46
	3
	7
	8
	8
	16
	11
	12
	4
	15
	11
	4
	7
	16
	3
	15

	Group 47
	3
	7
	16
	11
	4
	15
	3
	15
	11
	12
	12
	4
	7
	8
	16

	Group 48
	3
	8
	7
	15
	4
	8
	15
	12
	3
	16
	4
	16
	12
	11
	11

	Group 49
	3
	8
	15
	4
	16
	4
	8
	7
	7
	15
	12
	11
	3
	16
	12

	Group 50
	3
	10
	10
	15
	16
	5
	4
	6
	16
	4
	3
	15
	9
	6
	9

	Group 51
	3
	13
	11
	5
	4
	12
	4
	11
	6
	6
	5
	3
	14
	13
	12

	Group 52
	3
	14
	7
	9
	14
	10
	13
	8
	7
	8
	10
	4
	4
	13
	9

	Group 53
	5
	5
	8
	14
	16
	13
	6
	14
	13
	7
	8
	15
	6
	15
	7

	Group 54
	5
	6
	11
	7
	10
	8
	5
	8
	7
	12
	12
	10
	6
	9
	11

	Group 55
	5
	6
	13
	8
	13
	5
	7
	7
	6
	16
	14
	15
	8
	16
	15

	Group 56
	5
	7
	9
	10
	7
	11
	6
	12
	9
	12
	11
	8
	8
	6
	10

	Group 57
	5
	9
	6
	8
	10
	9
	8
	12
	5
	11
	10
	11
	12
	7
	7

	Group 58
	5
	10
	10
	12
	8
	11
	9
	7
	8
	9
	5
	12
	6
	7
	6

	Group 59
	5
	10
	12
	6
	5
	12
	8
	9
	7
	6
	7
	8
	11
	11
	9

	Group 60
	5
	13
	15
	15
	14
	8
	6
	7
	16
	8
	7
	13
	14
	5
	16

	Group 61
	9
	10
	13
	10
	11
	15
	15
	9
	16
	12
	14
	13
	16
	14
	11

	Group 62
	9
	11
	12
	15
	12
	9
	13
	13
	11
	14
	10
	16
	15
	14
	16

	Group 63
	9
	12
	10
	15
	13
	14
	9
	14
	15
	11
	11
	13
	12
	16
	10
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