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1

Introduction
In this contribution we cover some of the open issues related to the specification of UL power control for E-UTRA
2

Discussion
This section discusses some of the open issues related to the UL power control of E-UTRA.

2.1

PDCCH format 3

[1] has introduced the PDCCH format for the group of TPC commands for multiple UEs. It is our understanding that the group power control command could be used to power control PUCCH and persistently assigned PUSCH, independently. We propose that the network can configure a bitmap, where TPC bits locations are mapped to specific UEs and specific channels (PUCCH or Persistent PUSCH) 
Proposal: L3 semi-static configuration per cell of either

· Format 3a: 2 bits/UE/channel, or

· Format 3b: 1 bit/UE/channel
No blind decode impact at the UE. 

2.1

Path-loss computation
It is our understanding that the path-loss computation is continually measured at the UE depending on e.g. the DRX cycle. The measurement details (e.g. measurement time constant) and the associated rate of change of transmit power will be addressed by RAN4.

Proposal: inform RAN4 by an LS that the measurement details for path-loss and the rate of change of transmit power based on changes of path-loss need to be investigated. 
2.2

Power control of control information

The control information on the UL is transmitted over the PUCCH or the PUSCH.

Although, it may already be clear from the discussions and agreements made so far, we would like to clarify the power control behavior when the control information gets mapped to PUCCH or to PUSCH. 

Our understanding is summarized as follows:

· L1 control information (CQI/PMI/RI, ACK) on PUCCH is power controlled based on the TPC commands meant for PUCCH 
· TPC commands in PDCCH formats 1 and 2 [1] (DL assignments)

· TPC commands in PDCCH format 3 [1] (group TPC format)

· The transmit power at the beginning of a PUCCH transmission is:
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· according to the formula in [2], where
· PL is the most up-to-date path loss measurement  
· 
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 includes the power adjustments Δj for PUCCH up to the previous subframe
· with some margin for processing time at the UE
· This margin is to be specified (UE behaviour)
· irrespective of whether or not the PUCCH was indeed transmitted 
· Transmission over PUSCH could have occurred instead
· Data and L1 control information on PUSCH is power controlled based on the TPC commands meant for PUSCH

· TPC commands in PDCCH format 0 [1] (UL grants)

· The transmit power at the beginning of a PUSCH transmission is 
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· according to the formula in [2], where

· The power adjustments Δi may be accumulated or non-accumulated and equally affect control and data
· No notion of control and data but PUSCH as a whole

· These power adjustments do not affect the power setting of PUCCH

· Different IoT operating points for the PUCCH frequency region and the PUSCH frequency region may be compensated by accordingly setting Po and Po_pucch. 

2.3

Power control of scheduled data

The following UE behavior is expected:

· First transmissions follow the power adjustment in the PDCCH format 0

· Retransmissions

· In case of accumulated adjustments, use latest PUSCH transmit power if no PDCCH is transmitted to schedule a retransmission

· Further apply the power adjustment in PDCCH in case the retransmission is scheduled

· In case of non-accumulated adjustments, use open loop formula

2.4

Power setting of RACH preambles

The power settings for RACH will be specified in [3], however, it is currently empty. 
We propose:

· Open loop computation on each individual RACH preamble 

· Power ramping on top of the open loop power setting

2.5

Power control of Persistent PUSCH assignments

Our understanding is summarized as follows:

· Data and L1 control information on PUSCH is power controlled based on the TPC commands meant for PUSCH

· TPC commands in PDCCH format 0 [1] (UL grants) for

· Scheduled retransmissions

· TPC commands in PDCCH format 3 [1] (group TPC format) for:

· Persistently assigned first transmissions, and

· Implicitly scheduled retransmissions using pre-assigned resources
· The transmit power formula from [2], given in Section 2.2 applies for Persistent PUSCH as well.
· These power adjustments do not affect the power setting of PUCCH.
2.6

Power control of SRS

Based on RAN4 feedback in [4], the power across LFDM symbols in a slot ought to be the same. This requirement seems to clash with a previous agreement to tie the transmit PSD for SRS to the transmit PSD of PUSCH with an offset. 
Indeed, based on email discussions and e.g. [5], the SRS may be multiplexed with PUSCH and PUCCH in a given subframe. 

The transmission bandwidths for the different UL PHY channels are as follows: 

· PUSCH: dynamically varying from 180kHz to 20MHz
· PUCCH: 180kHz

· SRS: semi-statically varying from “x” MHz to 20MHz

· The minimum sounding bandwidth has not be determined but it should be common understanding that the sounding bandwidth should be no less than e.g. 6 RBs. Therefore, “x” = 1.08MHz.
Given that the transmission bandwidth of PUCCH is only 180kHz (1RB) and the transmission bandwidth of the SRS is in the order of MHz’s, the constraint to transmit both signals at the same power may, indeed, completely eliminate the usefulness for a UE of sending the SRS signal in PUCCH subframes at all.  

Note that while the transmission of CQI may be controlled so that it does not collide with the SRS transmission for no UE in the system, the transmission of ACK/NAK cannot be controlled. 

Therefore, the constraint of constant power across LFDM symbols in a slot yields the transmission interruption of the SRS in case the PUCCH is transmitted. 

One possible solution would be to transmit the PUCCH at a power much higher than the necessary, however, better ways to allow for the co-existence of PUCCH and SRS transmissions in a subframe should be available. 

In our opinion, [5] it is important to keep the possibility to transmit SRS in subframes where PUCCH (CQI and or ACK) are transmitted. Therefore, we propose revisiting the power constraint issue. 

2.7

Reference-signal and Data power setting

It is our understanding that the LFDM symbols carrying:

· DM-RS

· Data

on PUSCH are sent at the same power level. 

2.8

Miscellaneous values and ranges

The number of bit for the non-accumulated commands option for PUSCH power control has to be discussed and decided. Note that a large number of bits may have a severe impact to the overall PDCCH size for format 0. 
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