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1 Introduction
In this contribution we discuss E-TFC restriction, Tx power and parallel reporting criteria for UL DB-DC-HSPA.
2 Discussion

The way forward for DB-DC-HSUPA was agreed in [1]. From an RRM perspective, all areas are FFS and there are 4 main areas which should be addressed

· It is FFS to add clarification in the spec that when activated uplink frequencies are on different bands, the per carrier E-TFC MPR applied on each Activated Uplink Frequency shall not exceed the maximum value specified in 25.101.

· 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.
The reason that requirements are for further study is that RF aspects of maximum output power are not decided
	1. Maximum Output Power

Whether to consider maximum output power equal to 24dBm per carrier or define a new maximum output power limit across both carriers is FFS.

2. MPR 

It is decided to define MPR per carrier. MPR for primary carrier is decided to be equal to the single carrier MPR requirement. The MPR requirement for secondary carrier shall be the same as that of primary carrier. No new CM/MPR requirements are needed for the secondary UL carrier.
For both UL carriers of dual-band HSUPA, it is agreed to define additional MPR relaxation ∆TIB similar to the one defined in TS36.101.


From an RRM perspective the exact value of the maximum output power is not so important in specifying the 25.133 requirements, but what matters is whether there would be a per-UE maximum output power (as there is in DC-HSUPA) or a per-carrier maximum output power (as could be specified for DB-DC-HSUPA if a 24dBm per carrier limit is defined, rather than maximum output power limit across both carriers). In this contribution we evaluate necessary changes to RRM specifications for the following options
Option 1 : A per UE maximum output power applies

Option 2 : A per carrier maximum output power applies.

Option 1
In this case, quite similar procedures to DB-DC-HSUPA may be used. In particular, remaining power may still be calculated according to 

Premaining,s=max(PMax  - i PDPCCH,target,i - PHS-DPCCH - Pnon-SG, 0)

This is possible since there is a single PMax setting for the UE. As decided by the RF group, there will be a per carrier MPR, and this can be accounted for in RRM specifications by following an approach such as that discussed in [2].

	For E-TFC selection, when the UE has more than one Activated Uplink Frequency, the UE is allowed to account for maximum power reduction at any point in the procedure described in Section 6.4.2.  When activated uplink frequencies are adjacent, the total E-TFC MPR applied across the Activated Uplink Frequencies shall not exceed the maximum value specified in [3]. When activated uplink frequencies are on different bands, the per carrier E-TFC MPR applied on each Activated Uplink Frequency shall not exceed the maximum value specified in [3].


Option 2

If per carrier maximum output power is defined,  Premaining,s needs to be defined on a per carrier basis, since the overall Premaining,s across both carriers does not indicate anything meaningful. To take an extreme example, there may be no remaining power on the primary carrier and a large amount of remaining power on the secondary carrier. Simply calculating the overall remaining power (which would be large because of the remaining power) gives no information that the primary carrier is fully occupied with control channel transmissions, and does not have any remaining power for scheduled transmissions.
The issue is that a composite Premaining,s is currently assumed in RAN2 specifications[3]
	The power pre-allocated for non-empty non-scheduled MAC-d flows. The amount of power pre-allocated for a non-empty non-scheduled flow shall be the minimum of the power necessary to transmit data up to the non-scheduled grant for this flow, and the power necessary to transmit all the data in the queue for this flow taking into account the power offset for a transmission of the HARQ profile of the MAC-d flow with the highest-priority among  “non-scheduled” non-empty MAC-d flows.

-
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 [12], and SGi is the Serving Grant on frequency i.

-
For the Primary Uplink Frequency, the maximum remaining power allowed for E-DCH transmission is the sum of the total power pre-allocated for all the non-empty non-scheduled MAC-d flows  and the power Pi allocated to the Primary Uplink Frequency . For the Secondary Uplink Frequency, the maximum remaining power allowed for E-DCH transmission is the power Pi for this frequency.

The E-TFC restriction procedure described in [12] shall be applied on each frequency based on the maximum remaining power allowed for E-DCH transmission on that frequency.


Essentially, normalised remaining power is partitioned between the dual carriers according to the serving grant ratio SGi/ƩSGk. The power allocation to a frequency i, Pi is then used for a number of purposes. Firstly, 25.133 specifies that Pi is used to compute the indices of E-TFC that are in supported / blocked state eg (for the case without retransmissions, which are prioritised in terms of power allocation):

	Pallocated,1 = P1 +Pnon-SG,

Pallocated,2 = P2


Once the UE computes the E-TFC which are supported and blocked, MAC is then able to perform E-TFC selection for each carrier following the procedures in [3]. Finally, Pi is needed for happy bit calculation, since the UE should only indicate that it is not happy with its current serving grant if it could make use of a larger grant, ie has sufficient buffer occupancy and is not power limited.
Considering that in DC-HSUPA, uplink power is a per UE resource, it can be seen that significant changes would need to be made in both RAN4 and RAN2 specifications, for example including (but not necessarily limited to) :
· In 25.133, modifications to the E-TFC restriction procedure, essentially moving the calculation of Pi from 25.321 (where it is currently computed based on Premaining,s and SGi/ƩSGk) into 25.133, where it would be estimated independently for each power amplifier
· Updates to Ecat to allow for additional TX power events

· In 25.321 and 25.331
· Removal of the procedure for calculating Pi from Premaining,s and instead directly referring to RAN4 specifications for the calculation of Pi
· Potential addition of new rules relating to the order in which carriers are filled when E-TFC selection is performed, since the network may no longer be able to influence alloction to each carrier by the ratio of serving grants.
· Updates to happy bit evaluation since carriers are now independently power limited

· Updates to UPH (uplink power headroom) reporting

· Updates to parallel event reporing, such as modifications to event 6D

· In 25.215 

· Modifications to the definition of UE transmitted power which is currently “The sum of the total UE transmitted power on all configured uplink carriers. The reference point for the UE transmitted power shall be the antenna connector of the UE. In the case where transmissions from multiple branches take place the transmitted power for each branch shall be measured and summed together in [W].”
Discussion

Based on this preliminary analysis, it can be seen that there would be impact in at least 25.133, 25.215 and 25.321 to specify per carrier maximum output power. RAN2 has 0.5TU allocation for DB-DC-HSUPA in Q4 2015. There is currently no TU allocation for DB-DC-HSUPA in RAN1.
In conclusion, a new power class for DB-DC-HSUPA would bring benefits in terms of coverage for dual carrier operation, if determined to be feasible by RAN4 RF group. On the other hand, the specification and implementation impact is significantly greater since procedures for DC-HSUPA assume that uplink power is shared between carriers. These aspects should be taken into consideration when deciding whether to use option 1 (per UE maximum output power) or option 2 (per carrier maximum output power). 
3 Conclusions

In this contribution, we evaluate two options for maximum output power in DB-DC-HSUPA. Option 1 is similar to legacy, DC-HSUPA, ie a per UE maximum output power applies. Option 2 is to define a per carrier maximum output power. A new power class for DB-DC-HSUPA would bring benefits in terms of coverage for dual carrier operation, if determined to be feasible by RAN4 RF group. On the other hand, the specification and implementation impact is significantly greater since procedures for DC-HSUPA assume that uplink power is shared between carriers. These aspects should be taken into consideration when deciding whether to specify per UE maximum output power or per carrier maximum output power.
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