
3GPP TSG-RAN WG2 #85bis
R2-141131
31th March – 4th April 2014
Valencia, Spain
Source:                    
NTT DOCOMO, INC.
Title:  
Overhead reduction for CA band combination signalling
Document for:        
Discussion and decision
Agenda Item:         
6.2.1
1. Introduction
A potential issue of increasing the number of CA band combinations supported by a UE was raised in the last meeting [1]. The solution to address the raised issue was either to extend the maximum number of band combination signalling or to minimise the number to be signalled. In the end, RAN2 confirmed that the UE shall include all supported single-band “band combinations” explicitly [2] but didn’t conclude the solution for this issue. This paper continues to discuss this topic with a reminder of the past discussion and related work in RAN4.
2. Discussion
2.1. History of RAN2 discussion
Clarification on the CA band combination signalling was discussed at #79bis meeting based on [3] and agreed as follows [4].
	=>
Should clarify that “For each band in a band combination the UE provides the supported CA bandwidth classes and the corresponding MIMO capabilities for downlink. The UE also has to provide the supported CA bandwidth class and the corresponding MIMO capability for at least one uplink band in the band combination”


In addition, support of the band combination fallback scenario (e.g., support of 3DL/1UL CA also means support of all possible 2DL/1UL CA combinations) was discussed at #80 meeting as in [5] and concluded as follows [6].
	2a
The UE shall signal the CA-BandwidthClass parameter for all supported carrier aggregations combinations. (That means, support for 3DL+3UL does not imply support for 3DL+2UL. All combinations need to be listed explicitly.)


The corresponding CR was agreed at #82 meeting and captured the above agreement in 36.331 as follows [7].
	CA-BandwidthClass
The CA bandwidth class supported by the UE as defined in TS 36.101 [42, Table 5.6A-1]. 
The UE explicitly includes all the supported CA bandwidth class combinations in the band combination signalling. Support for one CA bandwidth class does not implicitly indicate support for another CA bandwidth class.
	-


In the last meeting, the same topic popped up again while discussing [1]. It was commented that the agreement 2a at #80 meeting in particular the parenthesis part is not clear from the specification.
2.2. Related work in RAN4
In the course of work on 3DL/1UL CA, RAN4 started to discuss the support of CA configuration fallback modes. The options they are discussing are [8]:
Option 1:
The specifications are written to enable all possible fallback modes.  The UE signals its capability and CA configuration support as usual.  The UE may or may not support all possible fallback modes.
Option 2:
The UE is required to support all possible CA configuration fallback modes.
At RAN4#70 (Feb. 2014), RAN4 didn’t conclude these two options and will continue to discuss at RAN4#70bis. To decide these options, the following aspects are being discussed:
· User throughput performance

For the case where the UE supports 1 UL together with DL only CA, the eNB can select a PCell among operating carriers supported by the UE. The eNB can also take into account the load status on each operating carrier to perform load balancing. By doing this, per-user throughput can be enhanced (e.g., the gain can be found in [9]). For this to work, it is essential that the UE supports all CA band combinations.
· UE RF complexity

For some CA band combinations, complexities of UE RF perspective can be foreseen. Figure 1 illustrates this challenge taking an example of CA_1A-3A which is currently working in RAN4. The UE needs to sufficiently suppress the noise coming from Band 1 Tx over Band 3 Rx frequency range. From a Band 3 Rx perspective, Band 1 Tx works as a blocker, which also needs to be suppressed sufficiently. Since the separation between DL in Band 3 and UL in Band 1 is not so large (40 MHz), it is quite challenging to realise sufficient isolation between the two.
In contrast, if UL is transmitted in Band 3 by configuring as PCell, any challenges in terms of UE RF aspects would not be foreseen. This is because there is a large separation between UL in Band 3 and DL in Band1 as illustrated in Figure 2.
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Figure 1:

UE RF complexity in case of CA_1A-3A and PCell is Band 1
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Figure 2:

UE RF complexity in case of CA_1A-3A and PCell is Band 3

2.3. Solutions for increased band combination signalling
Solutions discussed in the last meeting were:
Solution 1:

Extend the maximum number of band combinations [1].

Solution 2:
Omit all the fallback configurations if supported. E.g., support of 3DL/1UL CA means support of all the fall back 2DL/1UL CA combinations.
According to the RAN4 work explained in sub-clause 2.2, Solution 2 can be considered only if RAN4 agrees to mandate support of all the CA fallback configurations (Option 2). If RAN4 agrees on Option 1, i.e., the UE may or may not support all the fall back combinations, Solution 1 could be a solution. Nevertheless, another solution aimed at the signalling reduction could be considered for Option 1. 
Solution 3:

Introduce a bitmap to indicate supported fallback CA combinations [10].
For a “parent” CA band combination, supported fall back CA combinations are indicated by a bitmap as “CA configuration combination set”. The meaning of each bitmap is specified in the RAN4 specification, i.e. 36.101. An example of the definition is shown in Table 1. This is the same approach for supported CA bandwidth combination set and so well known to RAN2/4 [11]. The length of the bitmap could be e.g. 32 bits likewise the CA bandwidth combination set. This approach could be viable and future proof when the number of supported CCs in both UL and DL is extended in future. For instance, BandCombinationParameters-r10 and MeasParameters-v1020 for one CA band combination of 2 inter band CA consumes 55 bytes even for the mandatory present IEs. Additional parameters specified after Rel-10 including late extension increase the consumed bits more. On the other hand, this solution as well as Solution 2 can be applied only if all the fallback combinations have the same capability as the parent band combination, e.g., need of measurement gap, MIMO layer, multiple-TA, etc. Nevertheless, this is not too restrictive as these capabilities are most likely to be the same in practice. This approach may be thought that there is an inter-operability issue if the UE supports this mechanism and the eNB does not. However, it should be noted that the bitmap for CA bandwidth combination sets was introduced after the Rel-10 freeze with the understanding that no inter-operability problem is expected [11]. As such, we believe that the same understanding is also applied for Solution 3. RAN4 will also discuss this solution at RAN4#70bis and will inform RAN2 if they reach a consensus.
Table 1:
An example of CA configuration combination set (CA_1A-3A-26A)
	CA configuration X-Y-Z
	Supported CA configuration combination set
	CA configuration combination set

	
	X-Y
	set
	X-Z
	set
	Y-Z
	set
	

	CA_1A-3A-26A
	YES
	0
	YES
	0
	YES
	0
	0

	
	YES
	1
	YES
	0
	YES
	0
	1

	
	-
	-
	YES
	0
	YES
	0
	2


	CA configuration X-Y
	Operating band X
	Operating band Y
	CA configuration combination set

	
	Tx
	Rx
	Tx
	Rx
	

	CA_1A-3A
	YES
	YES
	
	YES
	0

	
	
	YES
	YES
	YES
	

	
	
	YES
	YES
	YES
	1

	CA_1A-26A
	YES
	YES
	
	YES
	0

	
	
	YES
	YES
	YES
	

	CA_3A-26A
	YES
	YES
	
	YES
	0

	
	
	YES
	YES
	YES
	


From the above observation, there are possible solutions to reduce the UE capability size, i.e. either Solution 2 or 3 regardless of the RAN4 conclusion. Furthermore, companies thought that the UE capability signalling should be designed carefully not to increase its size too much for further when discussing the capability size issue for rSR-VCC [12]. RAN2 should bear in mind the past discussion for this topic as well.
3. Summary and proposal
For the issue of increasing CA band combination signalling, this paper explained the past history and related on-going RAN4 work. A possible solution being discussed in RAN4 is also presented in addition to what RAN2 discussed in the last meeting. Bearing in mind the concern about the increasing size of UE capability, RAN2 should make an effort to reduce the capability size. Potential solutions to reduce the signalling can be applied only if all the fallback combinations support the same band specific features as the parent band combination. Nevertheless, these solutions seem viable since such the condition is a most likely case in practice. Considering the RAN4 status that they are going to conclude this fallback combination issue in the on-going meeting, it makes sense to wait for their outcome. Therefore, the followings are proposed:
Proposal 1:

A solution to reduce CA band combination signalling should be introduced.

Proposal 2:
Choice of the solution (either Solution 2 or 3) should be postponed and decided after receiving RAN4 input.
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