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1 Introduction

In TSG RAN # 66 a new work item was approved in [1]. The objective of the work item is [1]
· Specify core requirements for the support of the following Dual Band UL carrier aggregation combinations (RAN4) (release independent):
Table 1: Band combinations for DB-DC-HSUPA
	UL/DL Band A
	UL/DL Band B

	I
	VIII

	I
	V

	II
	V


Note:
· One UL carrier configured on each UL band is assumed.
· The operation implies at least two carriers configured simultaneously in downlink (paired with the UL carriers). 
· Introduce the functionality in relevant UTRAN protocols and specifications, e.g.
· L2/L3 protocols, procedures and signaling (RAN2)
· UTRAN network signalling (RAN3)
According to the plan RAN 4 needs to start the work in Q1 2015. This document provides an overview of the main requirements that are affected by the introduction of DB-DC-HSUPA. 
2 Introduction

LTE has been recently discussed the introduction of inter-band uplink carrier aggregation. The outcome of the study is summarized in TR 36.860, [2]. Several combinations have been studied in LTE, among which band combination B1+B5 and B1+B8. Band combination B2+B5 has not been introduced in LTE.

Mosty of the analysis done in the context of LTE for band B1+B5 and B1+B8 can be reused for band combinations BI-BV and BI-BVIII for DB-DC-HSUPA. 

In the following we are going to provide an intial assessement of the impact of the introduction of the band combinations into the specification. RAN 4 needs to agree on the aspects to be studied first and then conduct the analysis.

The following table provides the frequency ranges of the bands which are involved into the configurations included in the work item

Table 2: Frequency bands

	Band
	UL low
	-
	UL high
	DL low
	· 
	DL high

	I
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz

	V
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz

	VIII
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz

	II
	1850MHz
	–
	1910MHz
	1930 MHz
	–
	1990 MHz


3 BS aspects

In TR 36.860 the following is mentioned 

“Since current 2UL inter-band CA classes are specified from UE point of view and should be agnostic to BS implementation that supports CA, it is envisioned that the current BS requirements shall remain unchanged. However, the applicability of requirements depends on the BS type. A typical implementation is that different RF modules are used for different bands, thus single band requirements shall apply in this case. For some close band combinations, if multi-band receiver is declared to receive both uplink carriers, the exclusions and provisions in RX requirements for BS capable of multi-band operation shall apply.”
We assume that the same applies for BS supporting HSPA. In addition the band combinations included so far in the context of DB-DC-HSUPA involve a low and high frequency band with ~1GHz distance between the bands. Hence it can be safely assumed that different RF modules are used for different bands.
Proposal 1: BS core requirements are not affected by the introduction of DB-DC-HSUPA.

4 UE aspects
UE specification is instead affected by the introduction of DB-DC-HSUPA. Before reviewing the main requirements for both the rx and the tx side, section 4.1 illustrates the two possible architectures that can be considered as assumption for the analysis following [2].

4.1 Architecture

In LTE TR 36.860 the two architectures shown in figure 1 are considered. At this stage no downselection has been considered in LTE and the analysis has been carried on for both the architectures.  For DB-DC-HSUPA the same handling can be considered.

Proposal 2: Consider both the architectures shown in Figure 1 as valid architectures.
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Figure 1. Two possible architectures for the support of DB-DC-HSUPA, [2] based on common diplexer or common switch.

4.2 UE Rx aspects

4.2.1 REFSENS

One of the main requirements in the UE rx specification is the reference sisitivity, REFSENS. This is the basis for most of the rx requirements.  In HSPA the REFSENS is only specified for a single uplink carrier. A note in e.g. Section 7.3.2 of [3] states that  “Note: The reference sensitivity level <REFSENS> requirement for DC-HSDPA is not applicable for dual uplink operation. However, there might be a substantial Rx de-sensitization for the UE operating in bands which have less than 80 MHz Tx-Rx frequency separation, transmitting on more than one uplink frequency, at maximum power”.
In LTE instead REFSENS is also defined in case of dual uplink in case of intra-band contiguous carrier aggregation. In the past in HSPA it was decided to introduce explicit REFSENS requirements only for single uplink carrier. Many of the rx requirements are defined relative to REFSENS. However, for those requirements for which dual uplink carrier is considered such as blocking for example, considering that no REFSENS is specified, the requirements are defined in an absolute manner rather than relative to REFSENS.

Hence, RAN 4 has two options

1. Introducing explicit REFSENS requirements when DB-DC-HSUPA is in use (with 2 active uplink carriers) and define the other rx requirements in an relative manner (as in LTE).

2. Do not introduce explicit REFSENS requirements when DB-DC-HSUPA is in use (with 2 active uplink carriers) and define the other rx requirements in an absolute manner (as legacy HSPA specification).

If RAN 4 wants to follow legacy handling option 2 should be considered, if instead alignement with LTE is prioritized option 1 could be considered.

Proposal 3: Both option 1 or option 2 are valid approaches to define the requirements.
Independently from the approach used, analysis of the impact of 2 UL carriers on the REFSENS is needed.
The main desensitization comes from the possible intermodulation products or harmonics due to 2 uplink carriers falling into its own rx spectrum. Document [2] shows that 

Band combination I-V: IMD 4 falls into its own Band I receiver

Band combination I-VIII: IMD 4 falls into its own Band I receiver

In [2] it is shown that depending on the coupling loss between the two transmission chains (for band A and band B) the desensitization might not be negligible. 

If we consider fixed tx-to-rx distance, not all the possible combinations of carrier aggregation in band I+VIII or I+V introduce desensitization of the receiver, but in certain cases this might happen.

Document [4] shows that in case of band combination I-V considering 5MHz spectrum for HSPA and fixed tx-to-rx distance the IMD4 products do not fall exactly  into its own receive spectrum, but they can fall in the vicinity. For band combination II-V the IMD4 products do not fall into the DL band.
However, in case of band combination I-VIII there are cases for which the IMD4 products fall exactly into its own receiver band, e.g.
fUL,band 5 = 882,5

fUL,band I  = 1957,5

fDL, band I = 2147,5

fIMD4 = 2150 

Details are shown in [4].
It seems clear that detailed analysis is needed at least for band I-VIII and I-V. 

Proposal 4: Study the effect of IMD4 products into band I spectrum for REFSENS and other receive requirements for configuration I-VIII and I-V.

4.2.2 Other requirements

Other requirements can be classified into

· ACS (single uplink only)

· Blocking (in band blocking and narrowband blocking with dual uplink and out of band blocking for single uplink)

· intermodulations (dual uplink)

· spurious response (single uplink)

· spurious emissions (single uplink)

Also for the other requirements it is proposed to follow the legacy handling and to analyze the requirements for which dual uplink is considered.

Proposal 5: follow the legacy handling and analyze the requirements for which dual uplink is considered.
For the cases for which dual uplink is considered so far the requirements are defined with (adjacent) uplink carriers positioned in a way such that the distance between UL and DL carrier is minimized, implying that minimum UL-DL distance might affect the requirements. In this case since single UL is considered per band the UL-DL distance is fixed and equal to the legacy case. Considering that the distance between UL and DL is large and the distance between the bands involved into the configuration is large, it could be assumed as a starting point that the same legacy requirements for DB-DC-HSDPA applies (by taking into account the impact of the intermodulation products into the REFSENS as discussed in Section  4.2.1). If Option 1 is used in Section 4.2.1 one could reuse the legacy requirements by applying the correct REFSENS value. If option 2 is used instead, an absolute value will need to be introduced. New analysis will be required mainly for band combination I-VIII  and I-V.
However it should be noted that for band combination I-V and I-VIII some 4th order IMD products, while they do not hit the UE actual receive 5MHz carrier, they might fall into the vicinity and it might affect requirements such as ACS, blocking and intermodulations. This might require some analsyis. 

Proposal 6: as a starting point that the same legacy requirements for DB-DC-HSDPA applies by assuming the impact of intermodulation products into the REFSENS as discussed in Section  4.2.1, i.e. if Option 1 is used in Section 4.1.1 one could reuse the legacy requirements by applying the correct REFSENS value, if option 2 is used instead, an absolute value will need to be introduced. For band combination I-V and I-VIII 4th order IMD falling into band I might affect rx requirements. 

4.3 UE Tx aspects

4.3.1 Maximum Output Power and Maximum Power Reduction
By following the decision in [2] the current power classes could be maintainted as in the legacy case. The UE Maximum Output Power (MOP) would be then measured over all component carriers across different bands and all antennas. The definition has to be generalized in order to include the measurement of the power over all the uplink carriers across different bands.
In [2] it was highlighted that the lower side of the MOP tolerances might be affected by the presence of two differet transmitters (one per frequency band), similarly to UL MIMO.
In UL MIMO the lower side of the tolerance is relaxed by 1dB. It might be discussed further whether the same relaxations as in UL MIMO is really necessary. It should be noted that the DB-DC-HSUPA works in conjunction with DB-DC-HSDPA. For the combinations I-V, I-VIII and II-V Table 6.1aB in [3] specifies the allowed adjustment in lower side of the tolerance by -0.3dB because of the introduction of diplexers. These relaxations are also applicable for DB-DC-HSUPA.

Proposal 7: MOP classes could be maintained. The MOP definition needs modifications.  The use of the same relaxations as for UL-MIMO needs to be discussed further. Adjustment of the lower side of the tolerance because of DB-DC-HSDPA is also applicable.
Considering that in DB-DC-HSUPA both the UE architectures are based on 2 PAs, the legacy MPR value/formula should apply independently to each component carrier.  However how to capture this in the specification might require further discussions in order to limit the impact into the 25.133 E-TFC selection procedure. However, considering the dual PA architecture it seems more meaningful to apply the legacy MPR value/formula per component carrier.
Proposal 8: MPR value/formula should apply per component carrier. How to capture this in the specification might require further discussion. The preference is to apply the legacy MPR per component carrier.
4.3.2 Occupied bandwidth

The current definition of occupied bandwidth is applicable to contiguous carrier only and it has to be modified to take into account inter band aggregations. As example one could consider the following definition.
E.g.  99 % of the total integrated power of the transmitted spectrum, centered on each assigned channel frequency. The occupied channel bandwidth shall be less than 5 MHz based on a chip rate of 3.84 Mcps per component carrier.
Proposal 9. The definition of occupied bandwidth need to be changed.
4.3.3 Out of Band Emissions

Out of band emissions requirement is devided into Spectrum emission mask (SEM) and Adjacent Carrier Leakage Ratio (ACLR).

The distance between the bands involved in the dual uplink configuration is large, in particular it is larger that frequencies where SEM and ACLR apply. SEM applies to frequencies, which are between 2.5 MHz and 12.5 MHz away from the UE centre carrier frequency and ACLR takes into account the RRC filtered mean power centered on an adjacent channel frequency which is at most 10MHz away from the assigned channel frequency.

Hence, considering that the band gap is larger than 12,5MHz the same legacy single carrier requirements are applicable for DB-DC-HSUPA. Some specification work might be needed in order to include the applicability of the requirements to DB-DC-HSUPA.

Proposal 10: The same legacy single carrier requirements are applicable for DB-DC-HSUPA. Some specification work might be needed in order to include the applicability of the requirements to DB-DC-HSUPA. 
4.3.4 Spurious emissions

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.
So far the requirements are defined for single uplink and for dual uplink. In the context of LTE it was agreed to introduce the inter-region bands in the list of protected bands in the spurious emission tables. This approach could be considered here as well considering that

· band combination I-V is inter-region 1+2+3

· band combination II-V is inter-region 2+3

In addition, a new table of spurious emissions should be included for the band configurations considered here. Details of the affected bands for each band combination are provided in document [4].
In addition to the UTRA and E-UTRA bands the introduction of these band combinations might have effect on ISM bands. This is highlighted in document [4]. Spurious emissions into these bands should be also analysed.
Proposal 11. Spurious emissions are affected by the introduction of the DB-DC-HSUPA. In particular it is proposed to follow the LTE agreement and to introduce the inter-region bands in the list of protected bands in the spurious emission tables, introduce a new section/table of spurious emission for DB-DC-HSUPA.

Proposal 12. Spurious emissions into ISM bands should be also analysed. No impact on positioning systems is foreseen.
4.3.5 Intermodulation products

The requirement should be defined for DB-DC-HSUPA. Modification of the specification is required in order to apply this requirement to DB-DC-HSUPA. The same legacy requirement is applicable.

Proposal 13. Modification of the specification is required in order to apply intermodulation products requirement to DB-DC-HSUPA
4.3.6 In band emissions

Currently the specification has a requirement for in-band emission for DC-HSUPA. The in-band emission is measured as the ratio of the UE output power in one carrier in dual cells to the UE output power in the other carrier, where the power in the former carrier shall be set to the minimum output power and the power in the latter carrier to the maximum output power. This requirement is used in order to make sure that the leakage of the carrier set at the maximum power is sufficiently low to avoid degradting the performance of the carrier set at the minimum power. This leakage mainly comes from the fact that a single transmitter architecture is the baseline to support DC-HSUPA which might lead to image components which fall into the adjacent carrier. 

In case of DB-DC-HSUPA the reference architecture is based on dual PA. Hence, it seems clear the the image problem described above will not affect the performance.

Proposal 14: Do not apply in-band emission requirement for DB-DC-HSUPA.
4.3.7 Other requirements

For the other requirements, in many cases DC-HSUPA requirements exist. However, they are applicable to adjacent uplink carrier. Most of the DC-HSUPA requirements are based on the conditions that the total power in each of the assigned carriers is equal to each other. While this can be close to the reality in adjacent carriers case, it might not be so realistics for dual band dual carrier operation when the general assumption could be that the two BS receivers for the two different bands may not be co-located. This might justify large imbalanced power between the two carriers. Hence, in general we think that this aspect should be taken into account when defining the core requirements.  

The following handling could be considered: 

· Relative code domain power accuracy: The requirement and corresponding measurements apply to each individual carrier when the total power in each of the assigned carriers is equal to each other. The applicability of these requirements for imbalanced power should be addressed.
· Frequency error: Same requirements as for DC-HSUPA
· Output power dynamics: in general it might be needed to verify that the power control is independent for each carrier.
· Open loop power control: Same requirements as for DC-HSUPA. 
· Inner loop power control: this requirement is defined for DC-HSUPA when the total power in each of the assigned carriers is equal to each other. The applicability of this requirement for imbalanced power should be addressed.  
· Minimum output power: Same requirements as for DC-HSUPA
· Transmit modulation -- EVM and Relative code domain error : this requirement is defined for DC-HSUPA when the total power in each of the assigned carriers is equal to each other. The applicability of these requirements for imbalanced power should be addressed. 
· Time alignment error: Same requirements as for DC-HSUPA
Proposal 15:  the legacy DC-HSUPA requirements are still valid for frequency error, open loop power control, minimum output power and time alignment error. For Relative code domain power accuracy, Inner loop power control and transmit modulation the DC-HSUPA requirements are applicable only when the total power in each of the assigned carriers is equal to each other. The applicability of these requirements for imbalanced power needs be addressed.  Moreover in general verifying that the power control is independent for each carrier might be needed.
5 Conclusions

This document provides the initial analysis of the possible impact of the introduction of DB-DC-HSUPA into the specification. The following has been proposed:

Proposal 1: BS core requirements are not affected by the introduction of DB-DC-HSUPA.

Proposal 2: Consider both the architectures shown in Figure 1 as valid architectures.

Proposal 3: Both option 1 or option 2 are valid approaches to define the requirements.
Proposal 4: Study the effect of IMD4 products into band I spectrum for REFSENS and other receive requirements for configuration I-VIII and I-V.
Proposal 5: follow the legacy handling and analyze the requirements for which dual uplink is considered.
Proposal 6: as a starting point that the same legacy requirements for DB-DC-HSDPA applies by assuming the impact of intermodulation products into the REFSENS as discussed in Section  4.2.1, i.e. if Option 1 is used in Section 4.1.1 one could reuse the legacy requirements by applying the correct REFSENS value, if option 2 is used instead, an absolute value will need to be introduced. For band combination I-V and I-VIII 4th order IMD falling into band I might affect rx requirements. 

Proposal 7: MOP classes should be maintained. The MOP definition needs modifications.  The use of the same relaxations as for UL-MIMO need to be discussed further. Adjustment of the lower side of the tolerance because of DB-DC-HSDPA are also applicable.
Proposal 8: MPR value/formula should apply per component carrier. How to capture this in the specification might require further discussion. The preference is to apply the legacy MPR per component carrier.
Proposal 9. The definition of occupied bandwidth need to be changed.
Proposal 10: The same legacy single carrier requirements are applicable for DB-DC-HSUPA. Some specification work might be needed in order to include the applicability of the requirements to DB-DC-HSUPA. 
Proposal 11. Spurious emissions are affected by the introduction of the DB-DC-HSUPA. In particular it is proposed to follow the LTE agreement and to introduce the inter-region bands in the list of protected bands in the spurious emission tables, introduce a new section/table of spurious emission for DB-DC-HSUPA.

Proposal 12. Spurious emissions into ISM bands should be also analysed. No impact on positioning systems is foreseen.
Proposal 13. Modification of the specification is required in order to apply intermodulation products requirement to DB-DC-HSUPA
Proposal 14: Do not apply in-band emission requirement for DB-DC-HSUPA.
Proposal 15:  the legacy DC-HSUPA requirements are still valid for frequency error, open loop power control, minimum output power and time alignment error. For Relative code domain power accuracy, Inner loop power control and transmit modulation the DC-HSUPA requirements are applicable only when the total power in each of the assigned carriers is equal to each other. The applicability of these requirements for imbalanced power needs be addressed.  Moreover in general verifying that the power control is independent for each carrier might be needed.
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