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1. 
Introduction

This paper introduces the latest RAN4 inputs [1] and overall progress of the RAN4-led Work Item on HSPA Dual-Band UL carrier aggregation [2], and provides an initial summary of expected RAN2 topics and specification impacts, e.g. related to signalling, RRM and release independence requirements. 
Note: terminology-wise, this paper uses few equivalent terms/abbreviations: HSPA Dual-Band UL carrier aggregation, DB UL CA and/or DB-DC-HSUPA. 

1.1 Latest input from RAN4

RAN4 has sent a LS to RAN2 [2] with a summary of agreements and assumptions made so far, inviting RAN2 to start working on their required specification/protocols changes. Quoting the RAN4 LS:
---------------
The agreed band combinations are summarized in the following table. Note that, for the target band combinations, the same DL carrier combinations as currently defined for DB-DC-HSDPA were selected.

	Configuration
	UL Band A
	UL Band B
	DL Band A
	DL Band B

	#1
	I
(2.1GHz)
	VIII
(900MHz)
	I
(2.1GHz)
	VIII
(900MHz)

	#2
	I
(2.1GHz)
	V
(850MHz)
	I
(2.1GHz)
	V
(850MHz)

	#3
	II

(1900MHz)
	V

(850MHz)
	II

(1900MHz)
	V

(850MHz)


RAN4 also agreed that band combinations for the HSPA dual band uplink carrier aggregation work item should be introduced in a release independent manner [x].

ACTION: 
RAN4 requests RAN2 to take note of the progress and agreements on HSPA Dual Band Uplink Carrier Aggregation and kindly consider discussing signalling and specification impacts due to the feature.
---------------
1.2 Overall progress, main agreements and open points
RAN4#74 (Feb ‘15)

Way forward [3] which covers potential requirements impact and aspects for further study has been agreed.
It is agreed that band combinations for the HSPA DB UL CA work item should be introduced in a release independent manner. 

The introduction of the following table with configurations for dual-band DL/UL operations has been agreed to be introduced in section 5 of TS25.101 and section 5 of TS25.104

	UL Band
	Number of UL carriers in Band A/B
	DL Band A
	Number of DL carriers in Band A
	DL Band B
	Number of DL carriers in Band B

	I and VIII
	1
	I
	1
	VIII
	1

	I and VIII
	1
	I
	2
	VIII
	1

	I and VIII
	1
	I
	2
	VIII
	2

	I and VIII
	1
	I
	1
	VIII
	2

	I and VIII
	1
	I
	3
	VIII
	1

	I and V
	1
	I
	1
	V
	1

	I and V
	1
	I
	1
	V
	2

	I and V
	1
	I
	2
	V
	1

	I and V
	1
	I
	2
	V
	2

	II and V
	1
	II
	1
	V
	1

	II and V
	1
	II
	1
	V
	2


RAN4#74bis (Apr ’15)

Way forward [4] which covers requirements impact and aspects for further study has been agreed. Due to pending (TBD) RF aspects/impacts conclusions related to maximum output power, the following RRM aspects – relevant to RAN2 - were identified as FFS:
· Whether the maximum allowed UL TX Power and PMAX will be defined per band and Maximum UE transmitter power will be defined as the sum of Maximum UE transmitter power on both bands for DB DC HSUPA. 

· Whether the total available power for scheduled E-DCH transmissions on the ith uplink frequency will be defined as a function of PMAX,i where PMAX,i is the UE nominal maximum transmit power on band ‘i’ where i=1,2.

· Whether the number of parallel UE transmitted power measurements possible to request from the UE could be one per band as opposed just one measurement for the UE as in the existing specification.

RAN4#75 (May ‘15)

Few contributions presented a first RRM/spec impact summary of the two main UE power options i.e. using two full-power PAs (one for each band/carrier), or defining a per UE power limit across carriers (shared by the two PAs). 
A LS was sent to RAN2 on HSPA DB UL CA agreements [2], as reported in the introductory section, and further addressed below.
---------------------

2. 
RAN2 aspects and Spec impacts
DB-DC-HSUPA is assumed to use two independent PAs. Two basic options are proposed to be supported [x], with regard to UE/PA power management/capability:

· A Class 3 DB UL capable UE can still operate the two PAs independently, but sharing the total UE power
· A Class 2 DB UL capable UE can operate both PAs independently (and simultaneously), each at max PA power 
With the above assumptions/proposals in mind, an initial high level summary of main RAN2 spec impacts is provided in the next sections.

2.1 Signalling Impacts
This section provides a short summary of RAN2 spec impacts related to DB-DC HSUPA signalling (DL/UL).
For 25.331, the following has been identified:

· The (re)configuration of DB-DC HSUPA can reuse the existing signalling/IEs defined for DC-HSUPA.

· Maximum UE TX power (DL) - TBD if it needs changes: e.g. one signalled value and some description/definition text may suffice for both UE power classes, as long as it is clear what the max value per UE/band should be assumed. 
· UE power class (UL) – no change needed: requirements for DB UL will be defined in RAN4 specs
Note: Annex A includes current coding for the above 2 IEs. 

· Event 6x’s (DL/UL)
· Event 6’s configuration and reporting are based on UE power, 
· Seems beneficial to have separate config/reporting for each UL band/carrier.
· UE DB-DC HSUPA capability (also in 25.306)

· Need for one new capability bit is expected

In 25.321, UPH and happy bit reporting (UL) could be defined/extended per UL band/carrier (see also below), in which case some description and signalling procedure would need to be updated.
2.2 RRM Aspects

2.2.1 RAN4 RRM open points 
As highlighted in section 1, RAN4 has identified some RRM related FFS items ([4]). Those relevant to RAN2 are listed here:
· It is FFS whether the maximum allowed UL TX Power and PMAX will be defined per band and Maximum UE transmitter power will be defined as the sum of Maximum UE transmitter power on both bands for DB Dc HSUPA. 
· It is FFS whether the total available power for scheduled E-DCH transmissions on the ith uplink frequency will be defined as a function of PMAX,i where PMAX,i is the UE nominal maximum transmit power on band ‘i’ where i=1,2.

· It is FFS whether the number of parallel UE transmitted power measurements possible to request from the UE could be one per band as opposed just one measurement for the UE as in the existing specification.

While it is up to RAN4 to conclude on those FFSs, RAN2 may start discussing related RAN2 impacts, potential options and/or preferences. 
Few considerations were already provided earlier (e.g. on signalling impacts). Further RRM aspects and proposals on power allocation and TFC selection are provided below.

2.2.2 Dual PA power allocation and E-TFC selection
With regard to dual band power allocation and E-TFC selection, the following sections highlight few initial areas of discussion.

As baseline, two basic DB UL PA operation/capability assumptions, as mentioned earlier ([5]), are: 
· A Class 3 DB UL capable UE can still operate the two PAs independently, but sharing the total UE power
· A Class 2 DB UL capable UE can operate both PAs independently (and simultaneously), each at max PA power 
2.2.2.1 Dual PA power allocation

It is beneficial to clearly differentiate power allocation aspects, and issues/proposals, between class 2 and class 3 UEs.  
Class 2 DB UL UEs

For Class 2 UEs, the total power is enough to support the maximum power of each PA at the same time. So it is proposed to allocate the PA power independently for each carrier. 
In other words, a class 2 UE does not need to follow today’s DC-HSUPA PW power split rule, since there is effectively no split for DB UL (the two PAs can run as independent SC-HSUPA PAs).
Class 3 DB UL UEs

For Class 3 UEs, the total power is not enough to support the maximum power of each PA at the same time. Given the potential large UL pathloss difference between two carriers that DB-DC-HSUPA user operates on, there is a need to re-visit the power allocation equation used in the existing spec, which is given below (from 25.321):
------------------

The power allocation to a frequency i, Pi, is calculated as:
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where Premaining,s is the remaining power for scheduled transmissions once the power for non-scheduled transmissions has been taken into account, PDPCCH,target,i is the filtered DPCCH power defined in [x], and SGi is the Serving Grant on frequency i.
------------------
Based on the large UL pathloss imbalance between two bands, the DPCCH power can be significantly different. In case when UE is power limited and NW provides large enough Serving Grant on each carrier, the above equation essentially forces the UE to split the power in the fixed way which could lead to link efficiency reduction or throughput loss. 
Using an extreme example, if NW gives large and equal Serving Grant on each carrier, using existing power allocation rule in the spec, UE allocates the power inverse-proportionally to the quality of the carrier, meaning UE allocates more power on the weaker carrier (with high DPCCH power). This will surely lead to performance degradation.

One proposal to improve the power allocation rule for DB-DC-HSUPA is to allow the UE to allocate as much power as possible to the better carrier (with lower DPCCH) as long as UE does not violate the Serving Grant. This, at least, could make sure DB-DC-HSUPA UE performs not worse than single carrier UE. We call this method greedy power allocation. 
The plots below show the performance comparison between SC-HSUPA, DB-DC-HSUPA with greedy power allocation and DB-DC-HSUPA with spec. power allocation. The data is obtained assuming NW gives high and equal grant on each carrier. Secondary carrier is assumed to have 10dB more pathloss compared to the primary carrier. The data also assumes a UE with total power transmit limit of 23dBm while PA on each carrier has individual transmit power limit of 23dBm. 
From the plot it can be observed that the greedy power allocation, compared to spec. power allocation, can improve DB-DC-HSUPA performance in the pathloss range from 107dB to 120dB.

Fig.1 DB-DC-HSUPA power allocation performance
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2.2.2.2 E-TFC selection

For DC-HSUPA, current spec. requires the UE to fill the secondary carrier first, as per rule below (from 25.321):

When the UE has more than one Activated Uplink Frequency and E-TFC selection is invoked by more than one HARQ entity, the following E-TFC selection procedure is first applied to the Secondary Uplink Frequency and then to Primary Uplink Frequency.

With DB-DC-HSUPA, the two carriers on different bands (e.g. Band I & VIII) can have large UL pathloss difference. This means that, to transmit the same payload, using the better carrier can save significant amount of UE transmit power, compared to using the weaker carrier. 
As result, it seems beneficial to optimize the TFC selection algorithm for DB UL, e.g. performing the E-TFC selection on the carrier with lower DPCCH power first. 
This optimized rule may apply to both Class 2 and Class 3 DB UL UEs.

2.2.3 Other RRM aspects
Due to the carrier imbalance, the coverage of better carrier and weaker carrier can be quite significant. For the DB-DC-HSUPA UE with primary carrier on the better carrier, there is an area where UE is under very bad UL coverage on the weaker carrier but still under decent/good coverage on the other carrier. So instead of wasting UE transmit power on sending DPCCH on the worse carrier, performance could be improved if NW deactivate the DC operation to save the power used on weaker carrier. 

In summary, we feel there is a need for deactivating the weaker carrier promptly. Standard wise, RAN2 should ensure that proper measurements/event reporting is supported by the specifications, e.g. discuss/verify whether legacy or new identified signalling (as described above, e.g. 6x/UPH per carrier) is sufficient, or some further enhancements are needed. 
2.3 Release independence
As per agreed RAN4 requirement to standardize DB-DC-HSUPA in a release independent manner (as done for other features like DB-DC-HSDPA and 4C-HSDPA), RAN2 should start discussing the relevant approach and spec impacts.

It seems logical to follow the same approach used for other features, such that Rel-13 can define certain initial dual-band combinations for which DB-DC-HSUPA can apply [1], at the same time allowing future combinations to be enabled by the same Rel-13 core feature and signalling/capabilities.
In terms of spec impacts, one simple option is to add DB-DC-HSUPA to the features covered by the existing spec TS 25.327: Requirements on User Equipments (UEs) supporting a release-independent frequency band and multi-carrier configuration. 
3. 
Conclusions
This paper provided an initial summary of RAN2 related aspects, and impacts, related to the introduction of DB-DC-HSUPA in Rel-13 specifications.

RAN2 should start discussing the main stage-3 changes, options and proposals, and inform RAN4 (and RAN 1/3) for any relevant issue, input and/ or agreement worth considering for their work to progress (or start).
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5. Annex A

Few RRC IEs, mentioned above, are reported here (tabular coding), for reference.
10.3.6.39
Maximum allowed UL TX power
This information element indicates the maximum allowed uplink transmit power.

	Information Element
	Need
	Multi
	Type and reference
	Semantics description

	Maximum allowed UL TX power
	MP
	
	Integer(-50..33)
	In dBm


10.3.3.42
UE radio access capability => includes RF capability FDD, which includes
	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description
	Version

	UE power class
	MP
	
	Enumerated(1..4)
	As defined in [25.101]
	


There is also a power class 3bis:
10.3.3.33a
RF capability FDD extension
	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	UE power class extension
	MP
	
	Enumerated(1..4)
	As defined in [21]. A UE with UE power class 3bis signals the value 3. Four spare values are needed
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