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1 Introduction
In the LS to RAN1 [1], the conclusion from RAN4 was that a finite time duration is needed for UE implementation, if a power change between two adjacent LTE symbols is required where these symbols are in same sub-frame or adjacent sub-frames.  In particular, two key scenarios were identified in the earlier RAN1 LS [R1-074484];
a) A transmit power change from one sub–frame to another contiguous sub-frame and a  transmit  power change between two non contagious sub-frames
b) Power change when a UE is transmitting a sounding reference symbol (SRS)
This document discusses the above scenarios, in terms of how a performance requirement could be specified in TS36.101. 
2 Background

Power control in LTE attempts to maintain the power spectral density (PSD) of UE transmissions. 
In the case of scenario a) a UE can be allocated 1 resource block (RB) in one sub-frame (TTI) and close to 50RBs in the next sub-frame (TTI) leading to a power change close to 17dB for a 10 MHz UL channel bandwidth. Such large power steps may occur frequently (as often as every other sub-frame) or less frequently depending on the network scheduler algorithm (round robin, proportional fair, etc) This power change can also occur across the entire UE power transmission dynamic range [-40] dBm to 23dBm. This implies, UE transmit power will change quite considerably between different sub-frames in LTE uplink and  since LTE uplink is frequency division multiplexed, transmission bandwidth and frequency location will also change which will further impact power control accuracy and internal UE calibration .
In the case of scenario b) Power transitions can also occur within a LTE sub-frame, if the UE is transmitting a sounding reference symbol (SRS) and a PUSCH/PUCCH transmission in adjacent symbols. The magnitude of these transitions can be large (>10dB) and depends on how the SRS is configured.  The SRS may be sent as an isolated symbol (not part of either a PUSCH or PUCCH), or as a substitute symbol during either the PUSCH or PUCCH.  In any case, it will always be the first or last (TBD) symbol of the sub-frame. Although RAN4 recommendation was not to change the uplink transmit power within a sub-frame, RAN1 response was that “not being able to change the transmit power within a sub-frame may lead a non-negligible loss of system performance in certain cases. One example cited is when one symbol within the sub-frame is a sounding reference symbol while the remaining symbols are used for PUSCH or PUCCH transmission. In this case, an inaccuracy in the transmit power due to a transmit-power change, may be preferred, compared to not being able to change the transmit power.”
Both the above scenarios will place complex requirement in terms of power control accuracy and transient duration to address the RAN1 requirements 

3 Transient duration

For power adjustment during a scheduled uplink SC-FDM transmission, whilst similar to WCDMA will have certain LTE specific implications.  In UTRA which is a fixed bandwidth system a fixed 50us guard period is allowed in the specification. This guard period is used to provide both a transient period for the physical power change and a “calibration” period to improve the remaining power inaccuracy. 
For LTE as there is no guard period defined in the specification, a transient duration would need to be specified to implement the power change. To address the different scenarios identified in a) and b) as shown in figure 3.1-2 below where the following transient duration requirements are proposed; 
a) For scenario a) which addresses the contiguous and non–contagious sub-frame case, it is proposed to define a [50]us transient duration prior to a power change in the next symbol except in the case of the last transmitted symbol of a TTI
b) For scenario b) which addresses the SRS transition regions, it is proposed to define a [50 us] transient duration immediately before and after the SRS symbol to ensure the power is constant across the SRS symbol.  For the SRS it may be preferred there is no power change over the symbol period to improve the eNode B performance.
This choices of transient period location is to minimize the SNR degradation of the transmitted symbols for most of the user cases shown below 
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Figure 31: Transient duration location
4 Absolute power tolerance after a power change

For the non–contagious TTI case, the  UE has to first transmit- then measure-and finally adjust the output power based on the measurements taken Hence the time taken to make an accurate adjustments will be longer than just a few microseconds as the UE hardware will require a finite transmit burst to make this adjustment.  So in this case the accuracy would be similar to open loop power in WCDMA
Additionally we note based on the transient duration location shown in figure 3.1-1 with the exception of user scenario 6 the transmit power of the symbol after a power change should be constant and it is possible to define absolute power tolerance as shown in table 4-1 .

	Transmit power after power change

	Range
	UE maximum output power  (dBm)
	Tolerance (dB)

	1
	[UE max output power – 5] to ( [UE max output power]
	± 3.01

	2
	[-40] to < [UE max output power – 5]
	± 5 .0

	Note 
1 UE maximum output power as specified in clause 6.2.2 should not be exceed after a power change. 

2 Tolerance is defined as the average power of the first symbol period after a power change and excluding any transient duration 



Table 4-1: Absolute power tolerance
Some observations

· Range 1 covers the range of {maximum power – MPR/A-MPR} where a tighter tolerance is specified and Range 2 covers the remaining dynamic range of [-40] to (18 dBm. 
Note 1 indicates that UE maximum output power should not be exceeded, which implies that the tolerance at maximum output power would be tighter i in order to meet the ± 2dB tolerance requirement
5 Relative power tolerance 
For a power change when there is a contagious symbol in the case of an adjacent sub-frame or symbol it is possible to define  a relative power tolerance  as shown in table 5-1
	Power step size (Up or down) P [dB]
	Transmitter power step tolerance [dB]

	0   to  1
	± 2.01

	1> to 5
	± 3.01

	>5
	± 5.0

	Note

1 Number of exceptions where the limit is +/-5.0dB is FFS



Table 5-1: Relative power tolerance
Exceptions are needed to allow the scenario when the power step occurs over a UE RF power amplifier mode change.  Previous discussions in RAN4 have indicated that to maintain UE battery efficiency, techniques such as RF power amplifier mode change (bias switching, load switching, etc) are needed. To address these battery efficiency scenarios it is proposed that any tolerance change due to PA mode change would be limited to +/- 5dB and hence these exceptions are only needed in the case when the power step tolerance is 5 dB
6 Conclusion

In this document we update the work on defining the transmit power accuracy and tolerance after a power control change. We have taken account of recent RAN1/4 discussions in this area in order to define how the transient duration, the absolute power and relative power accuracy could be specified in TS36.101

We welcome further discussion on this proposal so this aspect can be agreed at the next RAN4 meeting. 
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