Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 #58bis Meeting
R1-093906
Miyazaki, Japan, 12th – 16th October, 2009
Source: 
Nokia Siemens Networks, Nokia
Title:
Uplink Power Control for LTE-Advanced
Agenda item:
7.2.5
Document for: Discussion and Decision
1. Introduction

The main scope of power control for PUSCH in LTE-Advanced is very similar to Rel’8, i.e. to compensate for channel conditions (e.g. distance-dependent path loss and shadowing) while reducing the interference generated towards neighbouring cells. Therefore the PUSCH power control concept for LTE-Advanced is expected to have many similarities with the one standardized for Rel’8 LTE, i.e. open loop fractional power control (based on cell-specific as well as user-specific power control parameters) with the possibility for the eNode-B to transmit closed loop power control corrections on the PDCCH (i.e. together with uplink scheduling grants).

In this contribution we discuss the possibility to extend the principles of Rel’8 uplink power control to LTE-Advanced. First the Rel’8 PUSCH power control concept and formula is presented, then component carrier (CC-) specific power control is proposed, and finally the possibility to extend the Rel’8 power control formula to cases with simultaneous transmission on multiple CCs is considered. Potential standardization-related issues when extending the Rel’8 power control concept to LTE-Advanced are also addressed. 
2. Power control on PUSCH in Release 8
In Rel’8 LTE uplink the UE sets its transmission power on PUSCH according to the standardized power control formula [1]:
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	  EQ (1)


In (1), 

· PMAX is the maximum UE power which depends on the UE class.

· M is the number of allocated physical resource blocks (PRBs).

· PL is the UE path loss derived at the UE based on RSRP measurement and signalled RS eNode-B transmission power.
· MCS is an MCS-dependent power offset set by the eNB. 

· P0_PUSCH is a UE-specific parameter (partially broadcasted and partially signalled using RRC).

·  is cell-specific parameter (broadcasted on BCH).
· i are closed loop PC commands signalled from the eNode-B to the UE.
· The function f ( ) indicates whether closed loop commands are relative accumulative or absolute.  f ( ) is signalled to the UE via higher layers. 
More details on the Rel’8 PUSCH PC formula can be found in [1].
3. Component carrier specific power control
Compared to Rel’8, LTE-Advanced opens for the possibility to introduce component carrier (CC-) specific uplink power control. In general, CC-specific power control is expected to be needed for case with non-contiguous channel-aggregation due to potentially quite different propagation conditions on different CCs. On the other hand, CC-specific power control might also be needed with contiguous channel aggregation due to different interference conditions and/or requirements on different component carriers (e.g. depending on load conditions, autonomous component carrier selection [2], [3], [5], etc.).
Therefore, for LTE-Advanced the proposal is to define a similar PUSCH power control formula as in Rel’8, but having some of the parameters component carrier specific, e.g. using the formula:
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In (2), 

· M [k] is the number of allocated PRBs on component carrier k. 
· PL [k] is the estimated path loss on component carrier k.
· P0_PUSCH [k] and [k] are the component carrier specific open loop power control parameters.
· i [k] is the closed loop PC command and is here assumed to be component carrier specific as also proposed in [6], though one possibility could also be to have a single UE-specific closed loop command.
A similar approach with CC-specific power control parameters is proposed in [6]. Based on (2), CC-specific power control basically comes down to define CC-specific open loop power control parameters (P0_PUSCH[k] and [k]), while the necessity to introduce CC-specific path loss measurements depends on the type of channel aggregation. 
CC-specific path loss measurements are not necessary in case of contiguous channel aggregation (since propagation conditions are expected to be the same for adjacent CCs). On the other hand, in case of non-contiguous channel aggregation the path loss conditions might be significantly different on different component carriers. However, since for the frequency bands considered for LTE advanced (see [7]) differences in propagation loss are mainly due to the frequency separation between component carriers, in practice the UE might not be required to perform RSRP measurements on each component carrier for the purpose of estimating the path loss; the UE could perform measurements on a single CC (KP) and derive the path loss for other component carriers using a CC-specific offset signaled from the network (eNode-B is supposed to have knowledge of the frequency separation between component carriers and of the corresponding difference in propagation conditions).
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Referring to the proposed definitions in [2]-[5], the component carrier where the UE makes the path loss measurements could be restricted to the so-called primary or anchor CC. A few examples of how the CC-specific offset could be calculated in different specified propagation environments [8] and in correspondence of different agreed deployment scenarios [7] can be found in the table below.
	
	Deployment scenario 7 (FDD)
	Deployment scenario 10 (TDD)

	
	Band 3 (1.8 GHz)
	Band 1 (2.1 GHz)
	Band 7 (2.6 GHz)
	Band 39 (1.8 GHz)
	Band 34 (2.1 GHz)
	Band 40 (2.3 GHz)

	Rural Macro
	-
	1.34 dB
	3.19 dB
	-
	1.34 dB
	2.13 dB

	Urban Macro
	

	LoS
	d < dBP
	-
	1.34 dB
	3.19 dB
	-
	1.34 dB
	2.13 dB

	
	d > dBP
	-
	0.13 dB
	0.32 dB
	-
	0.13 dB
	0.21 dB

	NLos
	-
	1.34 dB
	3.19 dB
	-
	1.34 dB
	2.13 dB

	

	Indoor Hot-spot
	-
	1.34 dB
	3.19 dB
	-
	1.34 dB
	2.13 dB


Table 1 Example of CC-specific path loss offset for different propagation environment and carrier frequencies. The CC at 1.8 GHz is assumed as primary/anchor CC.

4. Power control for multiple CC and transmit antennas
While (2) could be directly applied to LTE-Advanced when a UE is only scheduled for transmission on one CC, setting the PUSCH transmission power when a UE has to simultaneously transmit over two or more component carriers is not so straightforward even when reusing the Rel’8 power control concept. CC-specific power control means that a UE can transmit using different transmission power and/or power spectral density on separate component carriers. How to generalize the power control formula for multiple CCs also depends on whether a single or multiple power amplifiers (PA) are used at the UE.
· One PA for all CCs (e.g. contiguous channel aggregation) – Equation (2) is still used to determine the PUSCH transmission power on each CC. However, in this case if the total UE transmission power on all CCs exceeds the maximum UE power capabilities the UE  must 
(i) decide how to  reduce the Tx power for the CC(s), and
(ii) determine the power reduction in correspondence of each selected CC.
For example, the PUSCH transmission power could be decreased by the same relative power offset on each active component carrier.

· One power amplifier (PA) per CC (e.g. non-contiguous channel aggregation) – Equation (2) can still be applied separately on each CC. In this case the maximum UE transmission power on separate CCs will depend on the specific UE PA configuration.
Moreover, from a UE implementation perspective it could become problematic for the UE to operate with arbitrarily high transmit power differences between different CCs for cases with a single PA. Therefore it is proposed to discuss the need to also standardize a mechanism to control that the maximum power difference between component carriers is less than, or equal to, a certain value (the alternative would be to leave this as a UE implementation specific issue). Different standardized mechanisms could be considered, such as:
· Standardized rule to be implemented in the UE 
· Explicitly signaled power offset by the eNode-B
· Etc.

A similar issue to having separate PAs on separate (sets of) CCs exists in case of UE with multiple transmit antennas. The specific PA configuration in case of multiple UE transmit antennas is FFS [9]. However, differently from what proposed in [6] (i.e. separate path loss measurements on separate transmit antennas) we recommend a solution where the same path loss measurement is applied when setting the transmit power on each antenna.

5. Power control for PUCCH
As for Rel’8, also for LTE-Advanced we propose to adopt a power control strategy on PUCCH based on a combination of closed loop power control and full path-loss compensation open loop power control. 

On the other hand, loosening the SC-FDMA constraint will make it possible in LTE-Advanced to have simultaneous transmission from one UE on PUCCH and PUSCH. Therefore it needs to be standardized how the UE should share its transmission power between control and data channel. Details about the PUCCH PC formula and power distribution between PUCCH and PUSCH in case of simultaneous transmission are FFS. 
6. Concluding remarks
In this contribution we addressed power control for LTE-Advanced. The main focus is on:
· Define the scope of uplink power control in LTE-Advanced. The scope of power control on PUSCH in LTE-Advanced is very similar to Rel’8, i.e. to compensate for varying channel conditions (e.g. distance-dependent path loss and shadowing) while reducing the interference generated towards neighbouring cells. Therefore the PUSCH power control concept and formula for LTE-Advanced should be based on those standardized for Rel’8 LTE. Full path-loss compensation open loop power control should be specified for PUCCH.
· Introduce component carrier specific power control in LTE-Advanced. The necessity to introduce component carrier (CC-) specific power control in LTE-Advanced should be discussed in RAN1. CC-specific power control basically consists in defining CC-specific power control parameters (P0,  and PL), and potentially using CC-specific closed loop commands.
· Extend the Rel’8 power control concept to also cover cases with PUSCH allocation over multiple component carriers using the same PA (both contiguous and non-contiguous channel aggregation). We propose to further study the necessity of introducing standardized mechanisms 
(i) to reduce the UE transmit power on different CCs in case the maximum UE power capabilities are exceeded, as well as 

(ii) to limit the transmit power maximum difference between different component carriers
· Extend the Rel’8 power control concept to also cover the case of SU-MIMO. Independently of the particular PA structure adopted at the UE [9], we recommend to apply the same path loss measurement when setting the transmit power on separate transmit antennas.
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