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1. Introduction

In previous RAN4 meetings, the support of multiple LTE CA band combinations has been widely discussed and several way forwards were proposed but no consensus was reached in the group on how to handle this issue.

Nevertheless, during last meeting RAN4#64 most of the LTE CA band combinations have been finalized introducing the ΔTIB,c and ΔRIB,c values in TS 36.101 with the following note below: “The ΔTIB,c/ΔRIB,c above have been derived for a UE supporting a single interband LTE CA band combination. For a UE supporting additional interband LTE CA band combinations, the ΔTIB,c/ΔRIB,c for all bands supported by the UE, need to be studied.”
The present contribution would like to provide a further analysis related to the support of multiple LTE CA band combinations by the UE, with the aim to progress on this topic.

2. Analysis of proposals on multiple CA band combinations support

During the last meeting RAN4#64 several approaches were proposed to handle the issue of the support of multiple CA combinations by the UE [1] [2] [3] [4]. In the followings such proposals are summarized and analysed in terms of pros and cons.

2.1 Proposal in [1]
The proposal in [1] from Ericsson and ST-Ericsson is based on the following points:
· No REFSENS relaxation, i.e. ΔRIB,c = 0 for all the E-UTRA bands.
· For each E-UTRA band ΔTIB,c = ΔTIB = ΔTIB,1 + ΔTIB,2+ ΔTIB,3, where each ΔTIB,x is specified individually and is related to the inter-band CA cases Ax (e.g. A1, A2, A3) to which each E-UTRA band is belonging to. 

· In case of UE supporting at least one inter-band CA case A1 band combination, a band-specific ΔTIB,1 value is defined for all the CA and non-CA E-UTRA bands independent of the supported combinations, i.e. even E-UTRA bands not involved in CA combinations could be affected. In particular:
· For low bands (< 1GHz) ΔTIB,1 = 0 beside band 12
· For high-bands (>1.7 GHz) ΔTIB,1 = 0.3 dB in case of difficult bands
· ΔTIB,2 and ΔTIB,3 are specified only for E-UTRA bands involved in supported CA band combinations of respectively A2 and A3 class

· For E-UTRA bands that are part of more than one of the supported CA band combinations, the maximum ΔTIB,3 value applies.
· Multi-RAT is not included in [1], i.e. no relaxation for UTRA/GERAN due to support of E-UTRA combinations is proposed in [1].
The following considerations can be made on the proposal above:
· The absence of relaxations on REFSENS in any case is smooth in terms of network performance, and it is in line with previous analysis related to conductive measurements on some bands [6] [7].

· The proposal is based on a RF architecture with a single antenna and a diplexer on top separating low bands from high bands, indeed in principle all the bands are affected by ΔTIB,1. It has been already discussed in past meetings [5] that such kind of architecture represents the worst case architecture, since there would be other RF architectures impacting only the bands involved in the aggregation or even not impacting at all any band, like using a multi-feed RF architecture.

· The proposal is basically avoiding any impact on the low bands in case of UE supporting only A1 class combinations, with the aim to preserve the coverage and the network performance for such bands, while on the other hand it is proposing ΔTIB,1=0.3 dB of impact for most of high bands. This approach is positive for low bands, since it is important the minimization of impacts to legacy operations due to the introduction of a new feature. On the other side, allowing impact of 0.3 dB for most of high bands, even if not involved in the aggregation, would be negative from network performance and could reduce coverage for such bands. In addition, during the past meeting, such proposal to avoid any impact on the low bands has been questioned by some companies since it would be in opposition to a previous agreement on ΔTIB,c = 0.3 for all the bands involved in A1 combinations [8]. Nevertheless, the previous agreement on ΔTIB,c was not including the support of multiple CA combinations and it is clearly stated in the agreed doc [8] that “Supporting multiple band combinations is FFS”. Therefore, it could be the case that the support of multiple band combinations is superseding some values agreed in the past for a different case. However, in general it seems to be quite complex and time-consuming to converge on different values of relaxation for different bands.
· The proposal is using a linear additive approach when defining the overall impact for each band, in case of involvement of such band in multiple combinations of different classes. This point can have negative impact on network performance and it is a direct consequence of the reference RF architecture assumed when defining the relaxation scheme: indeed, using the diplexer on top architecture, any additional combination belonging to other classes than A1 is adding an additional impact to involved bands. A possible approach in order to limit this strong drawback could be to set an absolute maximum level of relaxation applicable to the final ΔTIB value i.e. ΔTIB = min(ΔTIB,max, ΔTIB,1 + ΔTIB,2+ ΔTIB,3) or another less than linear addition approach. A similar approach would allow  having LTE multi-CA-enabled terminals in the network with network performance not lower than a certain threshold compared to the legacy terminals.
· The multi-RAT issue is not addressed in [1], however the understanding from the discussion at last meeting is that surely the GERAN operations are not affected at all by the support of multiple CA band combinations. In any case, the impacts in case of multi-RAT should be clarified, since the issue of multi-combination support should be completely finalized, avoiding to leave open points.
2.2 Proposal in [2]

The proposal in [2] from Nokia and other vendors is based on the following points:

· UE supports one band combination

· Baseline MOP and REFSENS relaxations are applied only to those two bands that belong to the CA configuration. Relaxations are also applied in non-CA and UTRA mode.

· Band that are not part of the CA are not allowed to get any relaxations

· UE supports more than one band combinations 

· Baseline MOP and REFSENS relaxation are applied to the bands that belong to the CA configurations

· Bands that are not part of any of the CA configurations shall have ΔTIB = 0.3 dB, also in UTRA mode

· In case band belongs to multiple high-high or low-low CA configurations then MOP and REFSENS relaxations to that band are applied based on the highest baseline relaxation for that band

· In case UE supports high-low and High-high or low-low CA configurations then MOP and REFSENS relaxations to those low-low and high-high are the baseline high-high or low-low relaxation + 0.3 dB

· No relaxations to GERAN bands
It is noted that during the ad-hoc discussions at last RAN4 meeting, a revision to proposal [2] was presented, where the applicability of additive impacts for low bands in case a UE is supporting high-low and low-low CA combinations was removed. In addition, the bullet related to GERAN was reformulated in a different way. Thus, in such revised proposal the last two bullets were updated to:

· In case UE supports high-low and High-high CA configurations then MOP and REFSENS relaxations to those high-high bands are the baseline high-high relaxation + 0.3 dB

· No relaxations in GERAN mode.

The following considerations can be made on the proposal above:

· The proposal for the case of an UE supporting a single CA combination is in line with the current version of specifications for E-UTRA mode.

· Impacts on both MOP and REFSENS are considered, thus it is not in line with the above proposal [1] and even with previous analysis related to conductive measurements on some bands [6] [7].

· In general, the proposal is impacting legacy UTRA operations, since the same relaxation applied to E-UTRA bands is proposed to be extended to UTRA as well. As already discussed in past meetings [5], this proposal is negative from network performance perspective since it affects the performance of a legacy technology in already deployed networks, with a corresponding impact to the user experience for users of new UEs supporting CA functionality.

· The proposal is based on a RF architecture with a single antenna and a diplexer on top separating low bands from high bands when the UE is supporting two or more CA band combinations. As mentioned also for the proposal [1] above, it has been already discussed in past meetings [5] that such kind of architecture represents the worst case architecture, since there would be other RF architectures impacting only the bands involved in the aggregation or even not impacting at all any band, like using a multi-feed RF architecture. In general, it seems to be quite simple and time-effective to converge using an approach that is considering a maximum number of combinations as a threshold for setting different kinds of relaxations.
· The proposal is impacting all the bands supported by the UE with the same value ΔTIB,c = 0.3dB. This approach can have negative impact on network performance since all the bands are affected in the same way. In addition, such approach does not consider whether a band is easier in the implementation than others.
· The proposal is using a linear additive approach when defining the overall impact for each band, in case of involvement of such band in multiple combinations of different classes. This point can have negative impact on network performance and it is a direct consequence of the reference RF architecture assumed when defining the relaxation scheme: indeed, using the diplexer on top architecture, any additional combination belonging to other classes than high-low is adding an additional impact to involved bands. As indicated above, a possible approach in order to limit this strong drawback could be to set an absolute maximum level of relaxation applicable to the final ΔTIB value i.e. ΔTIB = min(ΔTIB,max, ΔTIB,1 + ΔTIB,2+ ΔTIB,3), or another less than linear addition approach.
· The proposal is considering the number of supported CA combination as a discriminating factor in order to apply some conclusions or others. In general, this kind of approach could be an interesting one thanks also to its simplicity and pragmatism. Nevertheless, the threshold on number of supported CA combinations should be greater than just one as in proposal [2]; for example, a possible value could be four CA combinations belonging to A1 and A3 classes, where “four” is in line with the value already considered in the past for MOP relaxations due to multi-band support in Note 1 of table 6.2.2-1 in TS 36.101, and provided that the maximum number of different bands involved in CA combinations would be four as well.
2.4 Proposal in [3]

The proposal in [3] from Renesas is based on the following points:

· Definition of front-end classes (new signalling needed)

· Class 1:

· For UE that supports only Low-High combinations, the relaxations for all bands UE supports including legacy and non-CA bands are ΔTIB,c = 0.3dB, ΔRIB,c = 0dB. Allow certain additional ΔTIB and MSD for H3 for relevant bands

· For UE that supports also Low-low and/or High-high combinations then relaxations for those bands are calculated as a sum of 0.3 dB + ΔTIB of individual Low-Low or High-high band. For RX side the total additional loss is in many cases above 1 dB that needs also relaxation. This proposal prefers to account 100% of additional RX loss above 0.8 dB.ΔRIB,c is left FFS at this phase for this kind of band combinations. 

· Class 2:
· For UE that supports only Low-High combinations the relaxations for all bands UE supports, including legacy and non-CA bands are ΔTIB,c = 0 dB, ΔRIB,c = 0dB. Allow certain additional ΔTIB and MSD for H3 for relevant bands

· For UE that supports also Low-low and/or High-high combinations then relaxations for those bands are calculated as a sum of 0 dB + ΔTIB of individual Low-Low or High-high band. For RX side the total additional loss in some cases might be above 1 dB that would also relaxation. It is prefered to account 100% of additional RX loss above 0.8 dB. ΔRIB,c is left FFS at this phase for this kind of band combinations.

The following considerations can be made on the proposal above:

· The proposal is introducing two RF front-end classes: class 1 is based on a single antenna and diplexer on top separating low from high bands; class 2 is based on a multi feed architecture, with two antennas.

· Regarding the class 1 points all the comments already mentioned above for proposal [2] can be applied.

· Regarding the class 2 points, it should be first clarified which kind of multi-feed architecture is considered. Indeed, the reference could be a dual-feed or even a triple-feed architecture, and the impacts could change according to which bands are covered by each feed. For instance, considering the study in [9], a triple-feed architecture could avoid any impact for CA implementations and could even improve performance compared to single-feed non-CA legacy UEs.

· For both classes, REFSENS is considered not negligible and is left FFS. In general, this point is not in line with proposal in [1] and it does not reflect the trend showed by measurements reported in [6] [7]; as such, it does not seems to be a viable solution. In addition, the issue of multi-combination support should be completely finalized, avoiding to leave open points.
· The definition of multi-feed class would imply to reconsider also other RF requirements that could benefit from this kind of architecture, even in case of single-carrier legacy operations. This action would be positive in terms of network performance but at the same time it could be time-consuming for the group. Nevertheless, the group could focus first on finalizing multi-combination support without considering the two classes above, and discuss later a possible definition of classes on the basis of RF front-end architecture.
· In addition, a general concerns on the definition of multiple classes is related to the fact that none of both classes above can be mandated, thus the conservative reference  in terms of minimum requirement would remain in any case Class 1 with its worse RF performance compared to Class 2. 

· The multi-RAT issue is not addressed in [3] and it should be clarified, since the issue of multi-combination support should be completely finalized, avoiding to leave open points.

2.3 Proposal in [4]

The proposal in [4] from Qualcomm and other companies is based on the following points:

· For the device that supports the CA configuration listed in a certain table and only supports class A1 or A2 band combinations (i.e., does not support any high/high or low/low combinations), the ΔRIB,c and ΔTIB,c relaxations should be applied to all bands that the device supports and across UTRA and E-UTRA technologies.  Additional relaxation may be needed (FFS) for the band in a class A2 combination to account for a harmonic trap filter.

· If the device does not support any of the CA configurations listed in the table indicated above or if the device supports other A3 or A4 combinations, then the applicability of ΔRIB,c and ΔTIB,c relaxations to other bands and to other RAT’s is FFS.

The following considerations can be made on the proposal above:

· The proposal, compared the previous ones [1] [2] [3], is segregating RF architecture according to band combinations supported by the UE.

· The main drawback of the proposal above is that for CA combinations not listed in the table the relaxations would remain FFS, while for the other CA combinations impacts similar to the proposal [2] above would be considered. This is critical, since the issue of multi-combination support should be completely finalized, avoiding to leave open points.

· On the basis of past discussions in the group, the proposal [4] could allow earlier deployments exploiting a less performing UE implementation, as proposed for the CA combinations listed in the table. On the other hand, proposal [4] should necessarily be improved in order to allow an alternative in terms of impacts for other CA combinations, avoiding impacts to all the bands and legacy RATs [9].

· The impact to GERAN is not addressed in [4] and it should be clarified, since the issue of multi-combination support should be completely finalized, avoiding to leave open points.

3. Conclusion

The present contribution has analysed in terms of pros and cons the different proposals on how to handle the support of multiple CA combinations presented in the last RAN4 meeting [1] [2] [3] [4].

The smooth and critical aspects of the different methods from the network performance perspective are summarized below in Table 1, and the findings are offered to the group with the aim to help the progress towards a way-forward acceptable for all the parties.
	Proposal at RAN4#64
	Smooth aspects from the network performance perspective
	Critical aspects from the network performance perspective
	Additional remarks

	Proposal in [1]
	· No impact to REFSENS in any case
· No impact to all low bands except band 12 in case of UE supporting only A1 combinations
· No impact to GERAN operations (to be confirmed)

	· Additive approach for bands involved in combinations belonging to different classes
· 0.3 dB impact on MOP for most of high bands in case of UE supporting any A1 combinations
· Impact to UTRA operations due to E-UTRA relaxation and corresponding impact to E-UTRA due to UTRA relaxation to be clarified
	· Proposed relaxations consider the difficulty or ease  to implement LTE bands when device supports CA in those and/or other LTE bands

	Proposal in [2]
	· No impact to GERAN operations
	· Additive approach for bands involved in combinations belonging to different classes with 0.3 dB as baseline
· 0.3 dB impact on MOP for all the bands supported by the UE
· Impact to both MOP and REFSENS
· Impact to UTRA operations due to E-UTRA relaxation and corresponding impact to E-UTRA due to UTRA 
	· The proposal sets the basis for a potential discrimination of degradations based on the number (N) of CA band combinations supported by the UE 

	Proposal in [3]
	· For class 2: no impacts on MOP for all the bands supported by the UE and not involved in CA operations

· For class 2: the definition of multi-feed class would imply to reconsider also other RF requirements that could benefit from this kind of architecture and should be revised, even in case of single-carrier legacy operations. 
	· For class 1: additive approach for bands involved in combinations belonging to different classes with 0.3 dB as baseline
· For class 1: 0.3 dB impact on MOP for all the bands supported by the UE
· For class 2: multi-feed architecture should be clarified 

· Impact to REFSENS is introduced as not negligible, then is left FFS, but should be clarified 
· Impact to UTRA/GERAN operations due to E-UTRA relaxation and corresponding impact to E-UTRA due to UTRA/GERAN relaxation to be clarified 
	· None of both classes can be mandated, thus the conservative reference  in terms of minimum requirement would remain in any case Class 1 with its worse RF performance compared to Class 2

	Proposal in [4]
	
	· Relaxation of CA combinations not listed in the table should be clarified

· Impacts to GERAN operations to be clarified

· Impact to UTRA operations due to E-UTRA relaxation and corresponding impact to E-UTRA due to UTRA relaxation to be clarified
	· The proposal set the basis on the discussions for discrimination of degradations per CA band combinations. This could be based on either technical and/or commercial reasons


Table 1: Smooth and critical aspects from network performance perspective of proposals on how to handle the support of multiple CA combinations 
Finally, based on the analysis reported above, the following areas need further consideration and improvement to better address network performance:
· a linear additive approach of relaxations for LTE bands involved in CA band combinations belonging to different classes can lead to severe impact on certain bands (e.g. band 3 and 7 in Europe) and so any unnecessary impact should be avoided; 
· coverage bands (macro deployments) need to be considered critical for operators and so any unnecessary impact should be avoided;
· deployed legacy technology (GERAN, UTRA) needs to be considered critical for operators and so any unnecessary impact should be avoided;
· implementation difficulty of bands differs: any unnecessary relaxation for these bands should be avoided;
· margins on MOP and REFSENS are different: any unnecessary relaxation should be avoided.
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