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1 Introduction

In this contribution we investigate how existing open and closed loop power control will behave when a UE travelling at 750km/h is passing an RRH. 
2 UL Power Control
2.1 Unidirectional SFN Scenario
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Figure 1: Unidirectional SFN model in baseline configuration. RRHs are transmitting in the same direction along the high-speed track, and the UE is mainly receiving from one RRH at a time.
2.2 Open Loop Power Control
A UE leaving RRC_IDLE for RRC_CONNECTED uses open loop power control to find an appropriate power level for the initial PRACH transmission. Maximum allowed UE transmit power, RS EPRE, information on PRACH power ramping in case of no response, the target receive power level for the PRACH preamble, et cetera, is provided via the RadioResourceConfigCommon information element in SIB2 ([1]). The selection of initial power level is based on that the UE estimates the path-loss by measuring RSRP and comparing it to the RS EPRE. The selection of power level is described as follows in [2]:
A preamble transmission power PPRACH is determined as 
PPRACH = min{
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 is the configured UE transmit power defined in [6] for subframe i of serving cell 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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A UE in idle mode shall measure serving cell RSRP by averaging over at least one sample from the first half of the DRX cycle and one sample from the latter half, as specified in [3]. A practical implementation would estimate RSRP every paging occasion, and then average over two such estimates, although other approaches are used as well, such as putting more weight on the most recent sample.
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Figure 2: Instantaneous RSRP, sampled and averaged RSRP, and discrepancy between the two. Ds 1000m, Dmin 30m, paging cycle 320ms and UE speed 750km/h.

The scenario where a UE in RRC_IDLE is travelling at 750km/h and configured with a 320ms paging cycle is shown in Figure 2. From the discrepancy in the lower pane one can see that there is less than 5dB underestimation of RSRP, meaning that the applied initial PRACH power level may be less than 5dB too high when the UE carries out random access. Although not ideal, it has little impact on the system performance and will not cause the RRH ULRX to be saturated.

Observation 1: When a UE travelling at 750km/h and configured with a DRX cycle of 320ms is to do unsynchronized random access while passing a RRH the initial PRACH power may be less than 5dB larger than ideal. Although undesirable it is not a threat to the system.  

2.3 Closed Loop Power Control

When the UE is in RRC_CONNECTED it is under closed loop power control. The base station monitors the power level used by the UE and sends via PDCCH instructions on increasing or decreasing the TX power. In case the UE is in non-DRX, it has to measure and filter RSRP over a time period of 200ms. A common implementation used as baseline when setting the legacy requirements is to acquire one new RSRP measurement every 40ms. The filtering may constitute averaging over a sliding window, or for instance a weighted summation where more emphasize is put on more recent samples. In any event there are test cases in [3] that result in that at minimum three updates of the measured RSRP have to be done during the 200ms measurement period. 
The PUSCH power control is specified as follows in [2]:
The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH) transmission is defined as follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell 
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 for PUSCH transmission in subframe i for the serving cell 
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is given by


[image: image12.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

×

+

+

=

)

(

)

(

)

(

)

(

))

(

(

log

10

),

(

min

)

(

c

TF,

c

O_PUSCH,

c

PUSCH,

10

,

CMAX

c

PUSCH,

i

f

i

PL

j

j

P

i

M

i

P

i

P

c

c

c

c

a

 [dBm]

Here too the path-loss, as determined by the UE, is central for the power control scheme.
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Figure 3: Instantaneous RSRP, sampled and filtered RSRP, and discrepancy between the two. Ds 1000m, Dmin 30m, 200ms measurement period, 40ms sampling, and UE speed 750km/h.

The scenario where a UE in RRC_CONNECTED and non-DRX is travelling at 750km/h and estimating the path-loss when passing a RRH is shown in Figure 3. In worst case there is an underestimation of RSRP by about 6dB, which means that potentially there would be a 6dB too high transmit power by the UE. However, this is connected mode hence the base station can send power control commands to the UE on subframe basis. Therefore it is not likely that the discrepancy between actual and intended transmit power level will be as large as 6dB. Each power control command can make the UE step up or down by 4dB, thus not more than about 2dB offset will result. Neither 2dB nor 6dB too high power level poses a threat to the system. A key difference to the RRC_IDLE case above is that the UE transmits in a separate allocation and hence does not destroy the detectability of transmissions from other UEs.

Observation 2: When a UE travelling at 750km/h and operating in non-DRX is estimating the path-loss while passing an RRH it may overestimate the path-loss by up to 6dB. However, since closed loop power control is used the base station can order the UE to step back on power before such power offset is reached.  
3 Conclusion
We have investigated how the UL PC is impacted by the UE rapidly leaving a weak beam for a strong beam. The following observations were made:

Observation 1: When a UE travelling at 750km/h and configured with a DRX cycle of 320ms is to do unsynchronized random access while passing a RRH the initial PRACH power may be less than 5dB larger than ideal. Although undesirable it is not a threat to the system.  

Observation 2: When a UE travelling at 750km/h and operating in non-DRX is estimating the path-loss while passing an RRH it may overestimate the path-loss by up to 6dB. However, since closed loop power control is used the base station can order the UE to step back on power before such power offset is reached.  
From these observations we conclude that both open loop and closed loop power control will work without modifications for UEs travelling at very high speed in HST SFN with unidirectional RRH arrangement.
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