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1. Introduction 
Several contributions raised the issue on the DL CC ambiguity problem at the initial RACH procedure in asymmetric carrier aggregation [1][2][3]. Many proposals suggested a new mechanism beyond the REL8 RACH procedure. In this document, we would like to see more details if there is considerable problems in solving the issue with the existing RACH procedure before RAN2 goes further on the proposed new procedure. 
2. Discussion
DL CC ambiguity issue at the initial RACH procedure in asymmetric carrier aggregation has been raised at RAN2#67. An eNB may not determine the DL CC of the UE, when it receives a RACH preamble on a UL CC in asymmetric carrier aggregation, i.e. multiple CCs are mapped to a UL CC. 
However, there are several options to resolve DL CC ambiguity by the existing RACH procedure as follow: 
· Option_1: different PRACH resources in the time domain and frequency domain are allocated per DL CC using different prach-ConfigIndex and prach-FreqOffset. Then, an eNB can distinguish the DL CC of the UE based on the PRACH resource where the RACH preamble is received.
· Option_2: different rootSequenceIndex is allocated per DL CC. Then, an eNB can distinguish the DL CC of the UE based on the root sequence to derive the received RACH preamble. 
· Option_3: Separate RAR with the different UL Grant is signaled per DL CC. Then, an eNB can distinguish the DL CC of the UE based on the UL resource where the RACH MSG_3 sent. 
From the section below, we would like to see more details if there is considerable problems in solving the issue with the existing RACH procedure. According to the LTE-A deployment scenarios in RAN4#50 [4], we will assume the number of DL CCs in asymmetric carrier aggregation would be 3, i.e. one CC operating at band 7 and two CCs operating at 3.5GHz (scenario 12). Each CC has 20MHz bandwidth. 
Option_1: 

The following problems were indicated: 
· There might be no room to allocate PRACH resources for all different DL CCs due to less flexibility
· Increasing UL resources due to allocating more PRACH resources
Based on the assuming scenario, we should see whether it is not possible to allocate different PRACH resources for all 3 DL CCs. With the prach-ConfigIndex shown in the table_1 [5] and the consideration we normally assume 2 PRACH resources in a radio frame, we can see there would be no issue to allocate PRACH resources for 3 DL CCs, e.g. prach-ConfigIndex 6 for DL CC_1, prach-ConfigIndex 7 for DL CC_2, and prach-ConfigIndex 8 for DL CC_3. If consider the possible flexibility in allocating PRACH resource in the frequency domain, we can support even upto 5 PRACH resources per DL CC, e.g. prach-ConfigIndex 12 and prach-FreqOffset 42 for DL CC_1, prach-ConfigIndex 13 and prach-FreqOffset 92 for DL CC_2, and prach-ConfigIndex 42/43 and prach-FreqOffset 2 for DL CC_3. Note 4 PRBs for PUCCH are assumed. We can also allocate various different number of PRACH resources per DL CC. 

Observation_1: there would be no issue on the lack of PRACH resources to be allocated for all DL CCs. Upto 5 PRACH resources can be allocated per DL CC. 

	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number

	0
	0
	Even
	1
	32
	2
	Even
	1

	1
	0
	Even
	4
	33
	2
	Even
	4

	2
	0
	Even
	7
	34
	2
	Even
	7

	3
	0
	Any
	1
	35
	2
	Any
	1

	4
	0
	Any
	4
	36
	2
	Any
	4

	5
	0
	Any
	7
	37
	2
	Any
	7

	6
	0
	Any
	1, 6
	38
	2
	Any
	1, 6

	7
	0
	Any
	2 ,7
	39
	2
	Any
	2 ,7

	8
	0
	Any
	3, 8
	40
	2
	Any
	3, 8

	9
	0
	Any
	1, 4, 7
	41
	2
	Any
	1, 4, 7

	10
	0
	Any
	2, 5, 8
	42
	2
	Any
	2, 5, 8

	11
	0
	Any
	3, 6, 9
	43
	2
	Any
	3, 6, 9

	12
	0
	Any
	0, 2, 4, 6, 8
	44
	2
	Any
	0, 2, 4, 6, 8

	13
	0
	Any
	1, 3, 5, 7, 9
	45
	2
	Any
	1, 3, 5, 7, 9

	14
	0
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	46
	N/A
	N/A
	N/A

	15
	0
	Even
	9
	47
	2
	Even
	9

	16
	1
	Even
	1
	48
	3
	Even
	1

	17
	1
	Even
	4
	49
	3
	Even
	4

	18
	1
	Even
	7
	50
	3
	Even
	7

	19
	1
	Any
	1
	51
	3
	Any
	1

	20
	1
	Any
	4
	52
	3
	Any
	4

	21
	1
	Any
	7
	53
	3
	Any
	7

	22
	1
	Any
	1, 6
	54
	3
	Any
	1, 6

	23
	1
	Any
	2 ,7
	55
	3
	Any
	2 ,7

	24
	1
	Any
	3, 8
	56
	3
	Any
	3, 8

	25
	1
	Any
	1, 4, 7
	57
	3
	Any
	1, 4, 7

	26
	1
	Any
	2, 5, 8
	58
	3
	Any
	2, 5, 8

	27
	1
	Any
	3, 6, 9
	59
	3
	Any
	3, 6, 9

	28
	1
	Any
	0, 2, 4, 6, 8
	60
	N/A
	N/A
	N/A

	29
	1
	Any
	1, 3, 5, 7, 9
	61
	N/A
	N/A
	N/A

	30
	N/A
	N/A
	N/A
	62
	N/A
	N/A
	N/A

	31
	1
	Even
	9
	63
	3
	Even
	9


Table_1: Frame structure type 1 random access configuration for preamble format 0-3
With option_1, we should allocate PRACH resource per DL CC in separate. It can result not optimized PRACH resource allocation. For example, if the required number of PRACH resource in a radio frame for DL CC_1 is less than 1, the required number of PRACH resource in a radio frame for DL CC_1 is less than 1, and the required number of PRACH resource in a radio frame is more than 1 but less than 2, the total number of PRACH resources in a radio frame will be 4 although it could be 3 when we use same prach-ConfigIndex and prach-FreqOffset. However, even in the case, the overhead would be very small. One more PRACH resource allocation in a radio frame will only require additional 0.6% (6/100 * 1/10). We believe most of cases, either there would be no additional overhead or only 1 PRACH resource will be added per radio frame. 

Observation_2: there would be no issue for the option_1 in the overhead point of view.  
Option_2:
The following problems were indicated: 

·  Inter-cell interference because numbers of root sequences would be required in addition

·  Intra-cell interference due to non-ideal orthogonal property between ZC sequences
Table_2 shows how many root sequences would be required in addition. Note it is based on unrestricted set, preamble format 0-3 and the equal division of 64 RACH preambles for 3 DL CCs, e.g. 21, 21, 22. As shown in the table_2, the root sequences required in addition due to option_2 is very limited, i.e. most of cases, only 1 root sequence is needed in addition. 
	() includes real value
	Number of root sequences occupied without option_2
	Number of root sequences occupied from option_2

	Ncs=0 (0)
	64
	64

	Ncs=1 (13)
	1: ceil (13*63/839)
	3: ceil (13*21/839) * 3

	Ncs=2 (15)
	2
	3

	Ncs=3 (18)
	2
	3

	Ncs=4 (22)
	2
	3

	Ncs=5 (26)
	2
	3

	Ncs=6 (32)
	3
	3

	Ncs=7 (38)
	3
	3

	Ncs=8 (46)
	4
	6

	Ncs=9 (59)
	5
	6

	Ncs=10 (76)
	6
	6

	Ncs=11 (93)
	7
	9

	Ncs=12 (119)
	9
	9

	Ncs=13 (167)
	13
	15

	Ncs=14 (279)
	21
	21

	Ncs=15 (419)
	32
	33


Table_2. Number of root sequences from option_2
Observation_3: the number of root sequences required in addition due to option_2 is very limited
For the concern “intra-cell interference due to non-ideal orthogonal property between ZC sequences”, we believe it should not be a significant problem. Otherwise, how the current RACH preamble will work? Note we already make the ZC sequences from several root sequences. 

Observation_4: current ZC sequences are already made from several root sequences 

Option_3:
The following problem is indicated: 
· Resource overhead due to the duplicate RARs and UL-Grants
Actual overheads would be different dependent on the traffic model. In this document, with the simple assumption as follow, table_3 shows how much overheads are expected. 
· 2 PRACH resources in a radio frame

· The number of PRBs for RAR is assumed from 1 to 4 PRBs

· The number of initial access per PRACH occasion is assumed from 1 to 4

· 1 PRB for initial access RACH MSG_3
· RACH MSG_3 is usually sent within 2 transmissions 

	
	Number of initial access per PRACH occasion: 1
	Number of initial access per PRACH occasion: 2
	Number of initial access per PRACH occasion: 4

	Number of PRB for RAR: 1
	0.6% (see note_1)
	1.0%
	1.8%

	Number of PRB for RAR: 2
	0.8%
	1.2%
	2.0%

	Number of PRB for RAR: 4
	1.2%
	1.6%
	2.4%


Table_3. Resource overheads from option_3
Note_1: % is calculated by (number of PRB for RAR + 1 * 2 transmissions for RACH MSG_3) * 2 (2 allocations in a radio frame) / 100 (total PRBs in 20MHz) * 1/10 (number of sub-frames in a radio frame)
Observation_5: additional overhead due to option_3 would not be significant. 
Proposal: 

We have seen more details if there is considerable problems in solving the DL CC ambiguity during the initial RACH procedure in asymmetric carrier aggregation. Option_2 seems the best way to go. However, based on the observations above, there would be no significant problem in using any option and all options can be used as a network implementation. To be concluded, we believe the existing RACH procedure should be sufficient to solve the issue and the new procedure would not be needed. 
3. Conclusion
We have seen more details if there is considerable problems in solving the DL CC ambiguity during the initial RACH procedure in asymmetric carrier aggregation. Option_2 seems the best way to go. However, based on the observations above, there would be no significant problem in using any option and all options can be used as a network implementation. To be concluded, we believe the existing RACH procedure should be sufficient to solve the issue and the new procedure would not be needed. 
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