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1. Introduction
RAN4 has been discussing RF conductive requirements for downlink carrier aggregation of three FDD carriers. At RAN4#69 a way-forward on TX and RX requirements for 3DL/1UL FDD carrier aggregation has been agreed [1]. At RAN4#AH_UE_RF meeting, a discussion was held on the TP cointaned in [2], in particular on the supported bandwidths for a UE supporting 3DL CA when operating 2DL CA, without any agreement.
The present contribution provides an analysis of the issue on the supported bandwidths for a UE supporting 3DL CA when operating 2DL CA and a set of proposals in order to finalize it. 
2. Discussion
2.1 Background on 3DL CA UE’s

During the definition of the 3DL CA transmitter and receiver RF requirements, it was discussed the fact that a UE supporting a 3DL CA combination would support the constituent 2DL CA combinations as well [3] [4] [5] [6] [7]. In other words, as observed for example in [3], UE’s supporting 3DL CA will also be required to support 2DL CA as well as single carrier operation; that is, there is no such UE as one that only supports 3DL CA. In addition, as still observed in [3], it is expected that UE’s supporting 3DL CA will be designed incrementally building on top of the design for 2DL CA.  The implication is that a 3DL CA UE is not expected to be architected significantly differently from a 2DL CA UE in general.  Still on the basis of [3], a 3DL CA UE is not likely to be designed independently of an existing architecture needed to support 2DL CA. Finally, it is worth noting that the same concept is also presented in other referenced documents [4] [5] [6] [7].
On this basis, a wayforward on the 3DL CA transmitter and receiver RF requirements [1] has been built on top of existing 2DL inter-band and intra-band CA cases in order to leverage the agreements already reached for them, in case of LLH (Low-Low-High) or LHH (Low-High-High) 3DL CA combinations.

Observation 1: As observed several times in RAN4, UE’s supporting 3DL CA will also be required to support 2DL CA as well as single carrier operation.
2.2 Analysis and proposals

During RAN4#AH_UE_RF meeting, a discussion was held on the supported bandwidths for a UE supporting 3DL CA when operating 2DL CA and single-carrier. In [2] the following informative note has been proposed to be applied to bandwidth combination sets related to 3DL CA 3+7+20: “For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 and all the bandwidth combination sets in Table 5.6A.2-1 of  TS 36.101 [3] when operating in single and dual carrier mode, respectively.”. Such note was not agreed during the discussion and the TP presented in [2] was noted.
First of all, no particular concerns have been expressed during the discussion at RAN4#AH_UE_RF meeting for single-carrier bandwidth support in the note. Indeed, it looks quite natural that, since a UE supporting 2DL CA bandwidth combination set is also supporting single-carrier operation for the constituent bands as defined in table 5.6.1-1 of TS 36.101, then also a UE supporting 3DL CA bandwidth combination set is expected to support single-carrier operation for the constituent bands as defined in table 5.6.1-1 of TS 36.101.
One of the concerns expressed during the discussion at RAN4#AH_UE_RF meeting is that the note would require the support of all the bandwidth combination sets already defined for the constituent 2DL CA combinations, while some bandwidth in some band among them could not be supported by the 3DL CA combination(s). In addition, the reference to table 5.6A.2-1 of  TS 36.101 when operating in single carrier mode could seem wrong to the reader, since such table is related to 2DL CA combinations.

On the other hand, it cannot be forgot that, as observed above, a 3DL CA UE is not likely to be designed independently of an existing architecture needed to support 2DL CA and, above all, that UE’s supporting 3DL CA will also be required to support 2DL CA as well as single carrier operation. Therefore, it is also expected that 3DL CA supported bandwidth combination sets would also be supported when operating constituent 2DL CA combinations.

Proposal 1: A UE supporting a 3DL CA bandwidth combination set will also support single-carrier operation for the constituent bands as defined in table 5.6.1-1 of TS 36.101.
Proposal 2: A UE supporting a 3DL CA bandwidth combination set will also support the 2DL CA bandwidth combination sets defined in Table 5.6A.1-2 of TS 36.101 whose bandwidths are entirely covered by such 3DL CA bandwidth combination set.
Proposal 3: Given a 3DL CA bandwidth combination set related to a 3DL CA band combination, for each of the three possible derived 2DL CA band combinations already defined in the TS, the corresponding 2DL CA bandwidth combination set derived from the given 3DL CA bandwidth combination set shall be defined in Table 5.6A.1-2 of TS 36.101 in order to be mandatory supported by the UE.
In the followings, some examples are described in order to better explain the proposals 2 and 3 above.

A)
3DL CA has the same bandwidth combinations defined as for corresponding 2DL CA considering all sets
As a first example, a UE supporting the following exemplary 3DL CA A+B+C bandwidth combination set could be assumed:

	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_A-B-C
	A
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	B
	
	
	
	Yes
	Yes
	Yes
	
	

	
	C
	
	
	Yes
	Yes
	
	
	
	


Table 1: 3DL CA 3+7+20 bandwidth combination sets
According to proposal 2, all the defined 2DL CA bandwidth combination sets whose bandwidths are entirely covered by such 3DL CA bandwidth combination set will also be supported, that is:

· For band 3, supported bandwidths are 5, 10, 15, 20 MHz

· For band 7, supported bandwidths are 10, 15, 20 MHz

· For band 7, supported bandwidths are 5, 10 MHz

Considering the maximum bandwidths, the following derived 2DL CA bandwidth combination sets would be identified by the 3DL CA bandwidth combination set above:

	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]

	CA_A-B
	A
	
	
	Yes
	Yes
	Yes
	Yes
	40

	
	B
	
	
	
	Yes
	Yes
	Yes
	

	CA_A-C
	A
	
	
	Yes
	Yes
	Yes
	Yes
	30

	
	C
	
	
	Yes
	Yes
	
	
	

	CA_B-C
	B
	
	
	
	Yes
	Yes
	Yes
	30

	
	C
	
	
	Yes
	Yes
	
	
	


Table 2: 2DL CA A+B, A+C, B+C bandwidth combination sets as derived by the supported 3DL CA A+B+C bandwidth combination set
In such example it can be assumed that the derived 2DL CA bandwidth combination sets coincide with already specified 2DL CA bandwidth combination sets for combinations A+B, A+C and B+C, as defined in Table 5.6A.1-2 of TS 36.101. Therefore, according to the proposal 2 above their support by the UE supporting 3DL CA A+B+C is definitely expected and shall be mandatory. No further actions are needed in this case according to proposals above.
B)
3DL CA has more bandwidth combinations than the ones defined as for corresponding 2DL CA considering all sets
As an additional issue, it should be also considered the case of a 3DL CA bandwidth combination set whose derived 2DL CA bandwidth combination sets or some of them are not already specified in Table 5.6A.1-2 of TS 36.101. In this case, according to the proposal 2 above it would still be mandatory to support the already defined 2DL CA bandwidth combination sets. Nevertheless, in order to correctly operate 2DL CA in all the possible bandwidth combination sets, new 2DL CA bandwidth combination sets should be defined as well, as stated in proposal 3.
As an example, a UE supporting the following 3DL CA A+B+C bandwidth combination set could be assumed:

	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

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

	CA_A-B-C
	A
	
	
	Yes
	Yes
	Yes
	
	50
	0

	
	B
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	

	
	C
	
	Yes
	Yes
	Yes
	Yes
	
	
	


Table 3: 3DL CA A+B+C bandwidth combination sets

Considering the maximum bandwidths, the following derived 2DL CA bandwidth combination sets would be identified by the 3DL CA bandwidth combination set above:

	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]

	CA_A-B
	A
	
	
	Yes
	Yes
	Yes
	
	35

	
	B
	
	Yes
	Yes
	Yes
	Yes
	Yes
	

	CA_A-C
	A
	
	
	Yes
	Yes
	Yes
	
	30

	
	C
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_B-C
	B
	
	Yes
	Yes
	Yes
	Yes
	Yes
	35

	
	C
	
	Yes
	Yes
	Yes
	Yes
	
	


Table 4: 2DL CA A+B, A+C, B+C bandwidth combination sets as derived by the supported 3DL CA A+B+C bandwidth combination set

The already defined 2DL CA bandwidth combination sets for the above 2DL CA configurations are the followings:

	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_A-B
	A
	
	
	Yes
	Yes
	
	
	20
	0

	
	B
	
	
	Yes
	Yes
	
	
	
	

	CA_A-C
	A
	
	
	Yes
	Yes
	
	
	25
	0

	
	C
	
	
	Yes
	Yes
	Yes
	
	
	

	CA_B-C
	B
	
	
	Yes
	Yes
	
	
	25
	0

	
	C
	
	Yes
	Yes
	Yes
	Yes
	
	
	


Table 5: 2DL CA A+B, A+C, B+C bandwidth combination sets already defined in TS

In this example, all the 2DL CA bandwidth combination sets already defined in TS and presented in table 5 would be automatically supported by a 3DL CA A+B+C as above. In addition, according to proposal 3 above, the lacking 2DL CA bandwidth combination sets presented in table 4 would be necessarily added  to the TS in order to allow a UE to mandatory support them.
C)
3DL CA has less bandwidth combinations than the ones defined as for corresponding 2DL CA considering all sets
As a further issue, there would be the case of a 2DL CA bandwidth combination set supporting a wider set of bandwidths than the 2DL CA bandwidth combination set derived from the 3DL CA bandwidth combination set. In this case, such 2DL CA bandwidth combination set cannot be mandatory supported by a UE supporting 3DL CA combination.
As an illustrating example, a UE supporting the following 3DL CA A+B+C bandwidth combination set could be assumed, as presented in table 3 above. In this example, the already defined 2DL CA bandwidth combination sets for the above 2DL CA configurations are the followings:

	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_A-B
	A
	
	Yes
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	B
	
	
	Yes
	Yes
	
	
	
	

	CA_A-C
	A
	
	Yes
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	C
	
	Yes
	Yes
	Yes
	Yes
	
	
	

	CA_B-C
	B
	
	
	Yes
	Yes
	
	
	25
	0

	
	C
	
	Yes
	Yes
	Yes
	Yes
	
	
	


Table 6: 2DL CA A+B, A+C, B+C bandwidth combination sets already defined in TS

In this example, 2DL CA bandwidth combination sets A+B “0” and A+C “0” would not be mandatory supported by the UE supporting 3DL CA A+B+C as above, since bandwidth 3 and 20 MHz for band A (highlighted in yellow in table 6) are not covered by 3DL CA A+B+C bandwidth combination set “0” in table 3. Also in this case, according to proposal 3 above, the lacking 2DL CA bandwidth combination sets would be necessarily added  to the TS in order to allow a UE to mandatory support them.
D)
Some 2DL CA band combinations derived from the 3DL CA band combination are not defined at all

As a further issue, there would be the case of a 3DL CA band combination whose derived 2DL CA band combinations are only partially defined, i.e. only some of them are already defined in TS.

As an illustrating example, a UE supporting the following 3DL CA A+B+C bandwidth combination set could be assumed, as presented in table 3 above. In this example, the already defined 2DL CA band combinations is only A+B (i.e. 2DL CA A+C and B+A are not defined at all), and the corresponding 2DL CA bandwidth combination sets are the followings:

	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_A-B
	A
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	B
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	

	
	A
	
	Yes
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	B
	
	
	Yes
	Yes
	
	
	
	


Table 7: 2DL CA A+B bandwidth combination sets already defined in TS

In this example, 2DL CA bandwidth combination set A+B “1” would not be mandatory supported by the UE supporting 3DL CA A+B+C as above, since bandwidth 3 and 20 MHz for band A (highlighted in yellow in table 7) are not covered by 3DL CA A+B+C in table 3. On the other side, 2DL CA bandwidth combination set “0” would be supported by the UE UE supporting 3DL CA A+B+C as above. Finally, according to proposal 3 above, there would be no need to add the lacking 2DL CA bandwidth combination sets related to 2DL CA band combinations A+C and B+C to the TS.

E)
Which 3DL CA bandwidth combination set is supporting what in the corresponding 2DL bandwidth combination sets?

As a final issue, there would be the case of several 3DL CA bandwidth combination sets defined in the TS 36.101 for the same 3DL CA band combination. In this case, according to the 3DL CA bandwidth combination set(s) supported by the UE, the above proposals would be applied to corresponding 2DL CA bandwidth combination sets covered by each of supported 3DL CA bandwidth combination sets.
2.3 How to capture proposals in specification
In order to reflect the three proposals above in the specification, a note could be used directly inside the table that will define 3DL CA bandwidth combination sets, i.e. normative note.
Proposal 4: In order to reflect proposals 1, 2 and 3 above, a note will be included directly inside the table that will be defined in TS 36.101 and TR 36.853 for specifying 3DL CA bandwidth combination sets. The note will read as follows: “For the UE that signals support of a 3DL CA bandwidth combination set, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 and all the 2DL CA bandwidth combination sets in Table 5.6A.2-1 of  TS 36.101 whose bandwidths are entirely covered by the signalled 3DL CA bandwidth combination set.”
A draft TP reflecting the Proposal 4 above and based on the proposal in [2] is attached to this contribution.
3. Conclusions

The present contribution has provided and analysis of the issue on the supported bandwidths for a UE supporting 3DL CA when operating 2DL CA and the following set of proposals:
Proposal 1: A UE supporting a 3DL CA bandwidth combination set will also support single-carrier operation for the constituent bands as defined in table 5.6.1-1 of TS 36.101.
Proposal 2: A UE supporting a 3DL CA bandwidth combination set will also support the 2DL CA bandwidth combination sets defined in Table 5.6A.1-2 of TS 36.101 whose bandwidths are entirely covered by such 3DL CA bandwidth combination set.
Proposal 3: Given a 3DL CA bandwidth combination set related to a 3DL CA band combination, for each of the three possible derived 2DL CA band combinations already defined in the TS, the corresponding 2DL CA bandwidth combination set derived from the given 3DL CA bandwidth combination set shall be defined in Table 5.6A.1-2 of TS 36.101 in order to be mandatory supported by the UE.

Proposal 4: In order to reflect proposals 1, 2 and 3 above, a note will be included directly inside the table that will be defined in TS 36.101 and TR 36.853 for specifying 3DL CA bandwidth combination sets. The note will read as follows: “For the UE that signals support of a 3DL CA bandwidth combination set, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 and all the 2DL CA bandwidth combination sets in Table 5.6A.2-1 of  TS 36.101 whose bandwidths are entirely covered by the signalled 3DL CA bandwidth combination set.”
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