3GPP TSG-RAN WG4 Meeting #65
R4-126683
New Orleans, USA, 12 – 16 November, 2012
Source:
Orange, TeliaSonera, Vodafone, Telefonica, Telecom Italia, Deutsche Telekom 
Title:
Way forward for the support of multiple LTE bands and multiple LTE carrier aggregation combinations  
Agenda item:
6.27
Document for:
Approval
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.
In addition, in the last meeting RAN4#64bis, new proposals were presented to handle the support of multiple bands by the UE [4] [5].
The present contribution would like to provide a way forward for the support of multiple LTE bands and multiple LTE carrier aggregation combinations.

2 Discussion on the support of multiple LTE bands and multiple LTE carrier aggregation combinations
2.1 Consideration of different degrees of difficulty over bands

The difference in degrees of difficulty overs bands was analyzed and highlighted in [2] and [6]. Based on this analysis, it is observed that low bands have less difficulty in compensating for the additional insertion loss than that of high bands. This consideration will be taken into account in the following proposals.
There might be some exceptions, to be handled separately, for few low bands that could be challenging and for some easy high bands. 
2.2 Support of multiple LTE bands

The maximum power tolerances for UEs that support 5 or more E-UTRA bands are currently undefined in UE specification. Note 1 in Table 6.2.2-1 of TS 36.101 states the following:
NOTE 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

In the last meeting RAN4#64bis, new proposals were presented to finalize this note [4] [5]. In the following, these proposals are analyzed and an alternative approach is proposed.

Note 1 in Table 6.2.2-1 of TS 36.101 addresses the support of E-UTRA bands. However, proposals [4] and [5] consider the support of LTE bands as well as UTRA bands while keeping the same threshold on the total number of supported bands.

While recognizing the need for the device to support more bands and to support multi-RAT operation, it is worth noting that this need will be essentially driven by the increase of LTE bands rather than new UTRA bands.
On this basis, and in order to be consistent with the current note, it is proposed to focus only on E-UTRA bands.

Regarding the threshold on the number of bands indicated in Note 1, it is worth noting that this threshold was defined some years ago [10]. It is expected that with the progress of the state of the art technology, this threshold could be higher. 
Regarding the impact of the support of [5] or more E-UTRA bands on the maximum power tolerances, the additional loss in the front-end is quantified in [5] by evaluating the loss in the antenna switch from one component vendor. This evaluation shows that the increase in the insertion loss due to the addition of a new band is around 0.06dB. Based on the shared pain approach as agreed in [9], this would lead to an additional relaxation value of 0.03dB per additional LTE band.
However, it is worth noting that the increase of the insertion loss with the increase of the number of bands is not always justified since several bands could share the same switch port as pointed out in [8].
In addition, the values presented in [5] are based on values from only one component vendor. More data is therefore needed to agree on the final relaxation values.
Furthermore, based on the analysis in section 2.1, the additional relaxation due to the support of [5] or more E-UTRA bands should not be applied to low bands that can compensate more easily for the additional insertion loss than high bands.

In case the UE supports [5] or more E-UTRA bands and an inter-band CA combination, the relaxation due to the multiple bands support and the relaxation due to inter-band CA should not be added, instead the maximum value should be considered as proposed in [4].
PROPOSAL 1: Modify the note 1 in Table 6.2.2-1 of TS 36.101 as follows:

NOTE 1:
The above tolerances are applicable for UE(s) that support up to [4] E-UTRA operating bands. For UE(s) that support [5] or more E-UTRA bands the maximum output power of the high bands (>1GHz) is allowed to decrease by amount of ΔTMB as defined in Table 6.2.5-2 

Add following text and table to subclause 6.2.5:

The allowed ΔTMB for a UE which has total number of supported E-UTRA bands NB is defined in Table 6.2.5-2.

Table 6.2.5-2: ΔTMB
	Number of supported E-UTRA bands (NB)
	ΔTMB

	NB <[5]
	0

	NB ≥[5]
	(NB-[4])*[0.03]


ΔTMB is applicable only for E-UTRA high bands (>1GHz). ΔTMB and ΔTIB  are not added up instead a Max function with an upper cap ΔTMB,IB,max is applied. The value of ΔTMB,IB,max is FFS.

PCMAX_L,c = MIN { PEMAX,c – ΔTC,c,  PPowerClass – MAX(MPR c + A-MPR c + MIN(MAX(ΔTMB,c,  ΔTIB,c), ΔTMB,IB,max), P-MPR c) – ΔTC, c
2.3 Applicability of LTE CA relaxations in single band

One of the open issues is the impact of LTE CA support on single band operation. This issue needs to be handled carefully since this has an impact to the user experience for users of new UEs supporting CA functionality.
Based on the analysis in section 2.1, the applicability of LTE CA relaxations in single band should not be applied to low bands (≤ 1GHz) that have less difficulty in compensating for the additional insertion loss than that of high bands.
PROPOSAL 2:
If a UE supports one or more CA configurations, MOP and REFSENS relaxations (ΔTIB, ΔRIB) are applied in CA mode to the bands that belong to the supported CA configurations. Relaxations apply also in both single band LTE and UTRA modes for the high bands (>1GHz) belonging to the supported CA configurations only.
2.4 Support of multiple LTE inter-band combinations and case of overlapping bands

In case the UE supports multiple LTE CA band combinations, such combinations could have a common band (e.g. a UE supporting CA band 20+3 and 3+7). Since different band combinations could be differently impacted in terms of relaxations, the same band belonging to such different combinations could be differently affected (e.g. band 3 in the example reported above). The issue in this case is which relaxation value should be allowed in case of single-band operation of such band.

Based on the analysis in section 2.1, the low band case should be handled separately. For the low bands (≤ 1GHz), the minimum relaxation value among the ones related to such band in the different supported band combinations should be considered since these bands can compensate more easily for the additional insertion loss.
For the other bands (>1GHz), further analysis is needed. It is felt reasonable to consider the [average] relaxation value in this case based on the shared pain approach. 
PROPOSAL 3:

· In case the UE supports multiple CA configurations and a band belongs to more than one CA configurations then:

· If the band is ≤ 1GHz, then MOP and REFSENS relaxations (ΔTIB, ΔRIB) to that band are applied based on the lowest baseline relaxation for that band among the different supported CA configurations involving such band.

· If the band is >1GHz, then MOP and REFSENS relaxations (ΔTIB, ΔRIB) to that band are applied based on the [average] baseline relaxation for that band among the different supported CA configurations involving such band.
3 Conclusion

The following way forward is proposed as package in order to handle the issue of the support of multiple LTE bands and multiple LTE inter-band carrier aggregation combinations. This proposal should be discussed as a package and not to pick only certain parts from it to be agreed. This way forward is intended to close all currently open issues related to UE(s) supporting multiple LTE bands and multiple LTE carrier aggregation combinations.

PROPOSAL 1: Modify the note 1 in Table 6.2.2-1 of TS 36.101 as follows:

NOTE 1:
The above tolerances are applicable for UE(s) that support up to [4] E-UTRA operating bands. For UE(s) that support [5] or more E-UTRA bands the maximum output power of the high bands (>1GHz) is allowed to decrease by amount of ΔTMB as defined in Table 6.2.5-2 

Add following text and table to subclause 6.2.5:

The allowed ΔTMB for a UE which has total number of supported E-UTRA bands NB is defined in Table 6.2.5-2.

Table 6.2.5-2: ΔTMB
	Number of supported E-UTRA bands (NB)
	ΔTMB

	NB <[5]
	0

	NB ≥[5]
	(NB-[4])*[0.03]


ΔTMB is applicable only for E-UTRA high bands (>1GHz). ΔTMB and ΔTIB  are not added up instead a Max function with an upper cap ΔTMB,IB,max is applied. The value of ΔTMB,IB,max is FFS.

PCMAX_L,c = MIN { PEMAX,c – ΔTC,c,  PPowerClass – MAX(MPR c + A-MPR c + MIN(MAX(ΔTMB,c,  ΔTIB,c), ΔTMB,IB,max), P-MPR c) – ΔTC, c
PROPOSAL 2:
If a UE supports one or more CA configurations, MOP and REFSENS relaxations (ΔTIB, ΔRIB) are applied in CA mode to the bands that belong to the supported CA configurations. Relaxations apply also in both single band LTE and UTRA modes for the high bands (>1GHz) belonging to the supported CA configurations only. 

PROPOSAL 3:
In case the UE supports multiple CA configurations and a band belongs to more than one CA configurations then:

· If the band is ≤ 1GHz, then MOP and REFSENS relaxations (ΔTIB, ΔRIB) to that band are applied based on the lowest baseline relaxation for that band among the different supported CA configurations involving such band.

· If the band is >1GHz, then MOP and REFSENS relaxations (ΔTIB, ΔRIB) to that band are applied based on the [average] baseline relaxation for that band among the different supported CA configurations involving such band.
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