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1. Introduction

In this document we continue discussions on transient duration for LTE from [1], [2], [3] and provide proposals for placement of transient duration for various UE uplink power transition scenarios identified in [1].
2. Background 
As indicated in [2], a transient duration is needed for UEs transmitting on LTE uplink to provide a settling time while UEs make power transitions between different uplink subframes or SC-FDM symbols. 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, a transient duration similar to UTRA [50us] is envisioned. Further, since transmit power is expected to vary (E.g. ramp up/down) during the transient duration, power control tolerance requirements should be not applied for UE transmissions during the transient duration (similar to WCDMA).

In LTE, UE transmit power between different subframes can vary due to
a) Transmission power change signalled to the UE via uplink power control commands 

b) Change in UE transmissions from one uplink physical channel to another 
-
E.g. PUSCH in one subframe and PUCCH in next subframe

c)
Change UE Resource Block allocation 
-
E.g., PUSCH with 5 RBs in one subframe and PUSCH with 50RBs in next subframe  
In addition to this, if the UE is configured to transmit SRS, then UE transmission power varies between different uplink symbols in the same subframe. 
3. Impact of Transient Duration 
While determining transient duration location for different LTE scenarios one key consideration is to minimize the impact on LTE uplink system performance.  In this section we look at the impact on PUCCH, SRS, PUSCH and UpPTS
3.1
Impact on PUCCH
Transmissions from different UEs on Physical uplink control channel (PUCCH) are shared via time domain spreading. Resources within a single resource block are further shared in frequency domain between multiple UEs. If a UE is scheduled to make a PUCCH transmission, any power variations during transmission period (in the first and last symbol) will negatively impact the performance of not only that UE but also other UEs sharing the same PUCCH RB. The negative impact in performance is caused due to the loss of orthogonality induced by the power transients (in both time and frequency domain). 

PUCCH formats 1, 1a and 1b that are used to carry uplink ACK/NACK and Scheduling Request(SR) data are more sensitive to uplink power transients than formats 2, 2a and 2b (carrying CQI data).
Since PUCCH is used to transmit critical control information, uplink power transients during PUCCH transmissions should be avoided in order limit degradation in PUCCH capacity

3.2
Impact on SRS 

Uplink Sounding reference symbol (SRS) transmissions between different UEs are multiplexed in frequency domain in a ‘comb’ like manner. SRS transmission duration is quite short at ~70us (1 SC-FDM symbol). Considering a [50us] transient duration, allowing power transients during SRS would mean that UE power is allowed to vary for >70% of the SRS symbol. This causes inter-subcarrier leakage between SRS transmissions from different UEs thereby reducing the multiplexing capacity of a given SRS symbol. Further, any power transients during SRS transmissions severely limit the ability of eNodeB to use SRS for channel estimation (useful especially for TDD).  
Due to the above considerations, uplink power transients during SRS transmissions should also be avoided to limit degradation in SRS capacity.

3.3 
Impact on PUSCH 
Uplink transmissions on Physical uplink shared channel (PUSCH) are frequency division multiplexed on a per RB basis. Due to this, any negative impact caused by power transients from a single UE are largely limited to only that UE. This allows the eNodeB to compensate PUSCH performance loss due to power transients via appropriate scheduling (e.g., either by allowing an extra retransmission, or by using a conservative MCS). It should be noted that HARQ retransmissions are not available for PUCCH.

Therefore, PUSCH performance is expected to be more robust in presence of power transients when compared to PUCCH and SRS.
3.4
Impact on UpPTS
 Apart the above considered uplink transmissions, for TDD, UEs transmit in the uplink also in the UpPTS region immediately following the guard period in the special subframe. UEs are configured to transmit either SRS or RACH (with Preamble format 4) in the UpPTS region. 
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Figure 1 – Special Subframe for TDD
In order to limit the impact of power transients on SRS and RACH transmissions, uplink power transients should be avoided in UpPTS, 
4. Transient Duration Placement

Considering the discussion in the previous section, it is preferable to avoid power adjustments during PUCCH, SRS or UpPTS transmissions. Based on this, the following principles can be adopted for transient duration placement for LTE.
For contiguous transmissions 

a) If a UE is scheduled to transmit on PUCCH, then power adjustment for the next subframe should begin after transmission of the last symbol on the current PUCCH subframe

b) If a UE is scheduled to transmit on PUSCH, then power adjustment for the next subframe should begin during transmission of the last symbol of the current PUSCH subframe.

For non contiguous transmissions, same principles apply i.e.,

a) If a UE is scheduled to transmit on PUCCH, then power adjustments should start before the first symbol of the subframe containing PUCCH transmissions

b) If a UE is scheduled to transmit on PUSCH, then power adjustment should start during the first symbol of the subframe containing PUSCH transmissions.

For SRS and UpPTS transmissions,

a) If a UE is configured to transmit in UpPTS region, or configured to transmit SRS in a PUSCH subframe, then power adjustments should occur outside the symbols containing SRS or UpPTS transmissions.

Figure 2 shows various examples of transient duration placement based on the above principles.

Example scenario 1, shows transient duration placement for non-contiguous subframe transmissions .For PUCCH transmissions , figure shows that the UE should be allowed to start its transmissions before the PUCCH subframe and the UE transmission power should adjusted to the desired level by the time the actual PUCCH transmission is initiated. For PUSCH, UE can be allowed to change power during the subframe.

Example scenarios 2A to 2D show transient duration placement for contiguous subframe transmissions. For Scenarios 2A and 2B, power transitions between PUSCH and PUCCH are shown. As the resource allocation for PUCCH and PUSCH can be quite different, magnitude of power transitions between PUCCH and PUSCH can be quite large. Placing the transition region within the PUSCH subframe limits the negative impact of system performance on PUCCH. For scenario 2C, PUCCH to PUCCH power transitions likely to be smaller. So, impact on PUCCH is likely to be less significant. 

Scenarios 3A and 3B show that transients should be avoided during SRS transmissions by placing the transient duration outside the SRS symbols. Similar considerations apply for UpPTS transmissions in TDD.
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Figure 2 – Transient Duration Placement Examples
5. Conclusions

In this document, we discuss various aspects relating to specification of a UE power change transient duration for LTE. Based on the discussions outlined in the document, we propose the following

· For LTE, a transient duration of [50us] should be provided to enable UEs to adjust uplink transmit power. Further, power control tolerance requirements should be not applied for UE transmissions during the transient duration

In order to limit the impact of power transients on uplink system performance, it is preferable to avoid power adjustments during PUCCH, SRS or UpPTS transmissions. We propose that the following principles be considered for transient duration placement for LTE.

1. For contiguous transmissions 

a) If a UE is scheduled to transmit on PUCCH, then power adjustment for the next subframe should begin after transmission of the last symbol on the current PUCCH subframe
b) If a UE is scheduled to transmit on PUSCH, then power adjustment for the next subframe should begin during transmission of the last symbol of the current PUSCH subframe.

2. For non contiguous transmissions, same principles apply i.e.,

a) If a UE is scheduled to transmit on PUCCH, then power adjustments should start before the first symbol of the subframe containing PUCCH transmissions

b) If a UE is scheduled to transmit on PUSCH, then power adjustment should start during the first symbol of the subframe containing PUSCH transmissions.

3. For SRS and UpPTS transmissions,

a) If a UE is configured to transmit in UpPTS region, or configured to transmit SRS in a PUSCH subframe, then power adjustments should occur outside the symbols containing SRS or UpPTS transmissions.
Finally, we propose that RAN4 recommend RAN1 to consider the option of not allowing SRS and PUCCH transmissions in the same subframe.
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