3GPP TSG-RAN WG4 #69 UE RF AH
R4-69AH-0023
January 14th – 16th, 2014
Austin, TX, US
Agenda item:
5.1
Source: 
Qualcomm Incorporated

Title: 
Carrier aggregation bandwidth support 
Document for:
Discussion
1. Introduction

Three downlink carrier aggregation has received tremendous interest with 23 band combination work items currently approved for work in RAN4.  One area of discussion is bandwidth support and the implications to fallback modes when one or more of the component carriers is deactivated.    This paper discusses a potential issue when bandwidths are not supported in the 2DL fallback modes and proposes modifications to maximize compatibility and flexibility.
2. Discussion

There is an inter-dependency in carrier aggregation from 2DL to 3DL.  For example, it is stated in [1] that CA_x_y_z implies the constituent 2DL CA combinations CA_x_y, CA_x_z, and CA_y_z.  Further clarification of how this should be handled in the WID is provided in [2].  One of the reasons for this dependency is to allow for the situation where one of the three component carriers in a 3DL CA network is deactivated for a particular UE, perhaps due to radio link failure as the UE moves out of coverage or for scheduling and load balancing reasons.  In this situation, the UE should fall back to 2DL operation necessitating that the 2DL configuration needs to be defined in the specifiations and the UE support it.

The same reasoning can be extended to supported bandwidths in the band combinations.  If CA_x_y_z supports a set of bandwidths associated with carriers in Band x and Band y, then the 2DL configuration CA_x_y should also support those same bandwidths in order to be able to fallback to the 2DL configuration.  More precisely, it is necessary that 2DL CA_x_y supports at least those bandwidths for Band x and Band y supported by CA_x_y_z.  In the event that it does not and the CA_x_y_z network is operating on those bandwidths, it will be impossible to deactivate the carrier in Band z and fallback to operation in CA_x_y since the corresponding bandwidth support is not present.  Instead, the fallback will have to be all the way down to single carrier in either Band x or in Band y.  
The problem is slightly more complicated when bandwidth combination sets are involved.  Bandwidth combination sets may be defined for the 3DL CA configuration, the constituent 2DL CA configuration, or both.  The same basic principle holds that the bandwidth combinations in the 3DL configuration must also be supported in the 2DL configurations.  The UE should indicate support of the bandwidth combination set that fulfils this criterion; otherwise, fallback will only be possible down to single carrier.  On the other hand, it may be assumed for a UE that supports 3DL CA, the largest set of bandwidths for 2DL CA might also be supported.  While there is no requirement of such support since new bandwidth combination sets may be defined after the UE has already been designed, for the sake of simplicity, we assume in this paper that the 3DL-capable UE supports the largest set of bandwidths in 2DL CA if more than one is allowed.  If this assumption does not hold true, it is possible that the 2DL fallback mode may not be available and the UE must therefore fallback to single carrier operation.
Recommendations

Existing 3DL work items are shown in the table below.  The bandwidths supported are indicated and bandwidths which are missing are highlighted.

Table 1.  Existing 3DL CA work items and their constituent 2DL combinations.

[image: image1.emf]Bx By Bz WID Set

1.4 3 5 10 15 20 1.4 3 5 10 15 20 1.4 3 5 10 15 20

2 5 30 RP-130676 X X X X X X X X

2 5 Completed X X X X X X

5 30 Parent X X X X

2 30 Parent X X X X X X

2 29 30 RP-130676 X X X X X X X X

2 29 Completed X X o o X X X

29 30 Parent X X X X

2 30 Parent X X X X X X

4 5 30 RP-130676 X X X X X X X X

4 5 Completed X X o o X X

5 30 Parent X X X X

4 30 Parent X X X X X X

4 29 30 RP-130676 X X X X X X X X

4 29 Completed X X o o X X X

29 30 Parent X X X X

4 30 Parent X X X X X X

2 4 13 RP-130697 X X X X X X X X X

2 4 Completed 0 X X X X X X X X X X

2 4 RP-131656 1 X X X X

4 13 Completed 0 X X X X X

4 13 Completed 1 X X X

2 13 Completed 0 X X X X X

2 13 Completed 1 X X X

2 2 13 RP-130698 X X X X X X X X X

2 2 RP-131366 X X X X X X X X

2 13 Completed 0 X X X X X

2 13 Completed 1 X X X

4 4 13 RP-130699 X X X X X X X X X

4 4 Completed X X X X X X X X

4 13 Completed 0 X X X X X

4 13 Completed 1 X X X

1 3 5 RP-132121 0 X X X X X X X X X X

1 3 5 RP-132121 1 X X X X X X X X

1 3 RP-132022 X X X X X X X X

3 5 Completed 0 o X X X X X

3 5 Completed 1 X X X

1 5 Completed o X o o o X

1 3 8 RP-131753 0 X X X X X X X X

1 3 8 RP-131753 1 X X X X X X

1 3 RP-132022 X X X X X X X X

1 3 Parent X X X X X X

3 8 Completed 0 X X X X X

3 8 Completed 1 X X X

1 8 Completed 0 X X X X X X

1 8 Completed 1 X X X X

1 3 20 RP-132082 X X X X X X X X X

1 3 Parent X X X X X X X

3 20 Completed X X X X X X

1 20 Parent X X X X X

1 5 7 RP-131634 0 X X X X X X X X

1 5 7 RP-131634 1 X X X X X X X X X

1 5 Completed o X o o o X

1 5 Parent o o X X X X

5 7 Completed X X X X X X X

1 7 RP-132042 X X X X X X X

1 7 Parent X X X X o X X

1 7 20 RP-132081 X X X X X X X X

1 7 RP-132042 X X X X X X X

7 20 Completed X X X X X

1 20 Parent (RP-132082) X X X X X

2 4 5 RP-131724 X X X X X X X X X X

2 4 Completed 0 X X X X X X X X X X

2 4 RP-131656 1 X X X X

4 5 Completed X X o o X X

2 5 Completed X X X X X X

2 4 12 RP-131725 X X X X X X X X X X

2 4 Completed 0 X X X X X X X X X X

2 4 RP-131656 1 X X X X

4 12 Completed X X X X o o X X

2 12 RP-131665 X X X X X X

2 5 12 RP-131726 X X X X X X X X

2 5 Completed X X X X X X

5 12 Completed X X X X

2 12 RP-131665 X X X X X X

2 12 12 RP-131654 X X X X X X X X

2 12 RP-131665 X X X X X X

12 12 Parent X X X X

2 12 30 RP-131652 X X X X X X X X

2 12 RP-131665 X X X X X X

12 30 Parent X X X X

2 30 Parent (RP-130676) X X X X X X

3 7 20 RP-131824 X X X X X X X X X

3 7 Completed X X X X X X X

7 20 Completed X X X X X

3 20 Completed X X X X X X

3 8 27 RP-131754 X X X X X X X

3 8 Completed 0 X X X X X

3 8 Completed 1 X X X

8 27 RP-131751 o X X X

3 27 RP-131752 X X X X X

4 5 12 RP-131836 X X X X X X X X

4 5 Completed X X o o X X

5 12 Completed X X X X

4 12 Completed X X X X o o X X

4 12 12 RP-131655 X X X X X X X X

4 12 Completed X X X X o o X X

12 12 Parent (RP-131654) X X X X

4 12 30 RP-131653 X X X X X X X X

4 12 Completed X X X X o o X X

12 30 Parent (RP-130676) X X X X

4 30 Parent (RP-130676) X X X X X X

7 8 20 RP-132080 X X X X X X X X

7 8 Parent X X X X X X

8 20 Completed o X X X X

7 20 Completed X X X X X

Band x Band y Band z


From this, the following modifications are suggested to maximize compatibility and flexibility in fallback modes.  The first set of changes relates to the addition of bandwidths to CA configurations which have already been defined in the specifications.  These are summarized in Table 2 below.  According to [3], the appropriate procedure is to create a new work item with the additional bandwidth combination set.  Creating an additional bandwidth combination set rather than modifying an existing set also protects implementations which have already begun based on the current published version of the specification.  Typically, these work items have been proposed individually for each CA configuration; however, in this case, we suggest that a single work item consolidating all of the individual CA configurations might be more suitable if all of the changes are agreeable.  Qualcomm would be willing to assemble this work item proposal for presentation at RAN #63 if agreeable to the group.
The second set of changes relates to the addition of bandwidths to CA configurations currently in progress.  According to [3], the appropriate procedure for these is to modify the ongoing work item.  The suggested changes are for the CA_8-27 work item [4] to add 5 MHz support in Band 8 as shown in Table 3.  

The work item for CA_1-5-7 in [5] is also suggested to be modified to remove the 5 MHz bandwidth from Band 7.  The constituent 3DL configurations for CA_1-7 and CA_5-7 are also listed in this work item, but these can be covered by the consolidated work item to be proposed by Qualcomm described above for CA_5-7, and by [6] which already includes the necessary changes for CA_1-7.
It is suggested that the work item rapporteur (KT and LG U+) propose these WID modifications for CA_8-27 and CA_1-5-7.

Table 2.  Supported bandwidths for existing 2DL CA configurations with suggested new bandwidth combination sets to maximize compatibility with 3DL CA work items.

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	20
	0

	
	5
	
	
	
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_1A-8A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	30

	0


	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	18
	
	
	Yes
	Yes
	
	
	
	

	CA_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_1A-26A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	26
	
	
	Yes
	Yes
	Yes
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	26
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-4A
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_2A-5A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-13A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	30

	0


	
	13
	
	
	
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	
	
	20
	1

	
	13
	
	
	
	Yes
	
	
	
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-29A
	2
	
	
	Yes
	Yes
	
	
	20
	0

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	CA_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	2

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	CA_3A-8A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-19A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-26A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	26
	
	
	Yes
	Yes
	Yes
	
	
	

	
	3
	
	
	Yes
	Yes
	
	
	20
	1

	
	26
	
	
	Yes
	Yes
	
	
	
	

	CA_3A-28A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_4A-5A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-7A
	4
	
	
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	4
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	13
	
	
	
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	20
	1

	
	13
	
	
	
	Yes
	
	
	
	

	CA_4A-17A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-29A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	CA_5A-7A
	5
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	CA_5A -12A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	CA_5A-17A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_8A-20A
	8
	
	
	Yes
	Yes
	
	
	20
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	
	8
	
	Yes
	Yes
	Yes
	
	
	20
	1

	
	20
	
	
	Yes
	Yes
	
	
	
	

	CA_11A-18A
	11
	
	
	Yes
	Yes
	
	
	25
	0

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_19A-21A
	19
	
	
	Yes
	Yes
	Yes
	
	30
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_23A-29A
	23
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	
	23
	
	
	Yes
	Yes
	
	
	20
	1

	
	29
	
	Yes
	Yes
	Yes
	
	
	
	

	NOTE 1:
The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For each band combination, all combinations of indicated bandwidths belong to the set

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Table 3.  Suggested modification to CA_8-27 work item to maximize compatibility with CA_3-8-27.

	E-UTRA band / channel bandwidth
	Bandwidth Combination Sets

	E-UTRA CA Band
	E-UTRA Bands
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	

	B8+B27
	8
	Yes
	Yes
	
	
	0

	
	27
	Yes
	Yes
	
	
	


3. Conclusion
This contribution has illustrated a potential issue for fallback operation from 3DL to 2DL CA in the event that bandwidth support is not fully compatible.  For those cases, the fallback will occur from 3DL directly to single carrier which may reduce network flexibility.  To address this issue, suggested modifications are provided based on the currently agreed 3DL CA work items.  It is proposed that if the suggested modifications are acceptable, the appropriate new WID proposals and WID modifications should be presented at RAN #63.
Reference

[1] RP-130872,” WF on handling of 3DL CA,” NTT DOCOMO, AT&T, Verizon Wireless, Softbank Mobile, Nokia, Ericsson, ST-Ericsson, Intel, Qualcomm
[2] RP-131633, “Way forward on 3DL/1UL WIs and TRs,” RAN4 Chairman (NSN)

[3] R4-122112, “LS on support of bandwidth combinations for CA,” Qualcomm Incorporated

[4] RP-131751, “New Work Item Proposal:  LTE Advanced inter-band Carrier Aggregation of Band 8 and Band 27,” KT

[5] RP-131634, “New Work Item Proposal: LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 5, and Band 7,” LG Uplus

[6] RP-132042, “Revised WID: WI LTE-Advanced Carrier Aggregation of Band 1 and Band 7,” Ericsson
1
1

