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1. Introduction

Carrier aggregation scenarios in LTE Rel-10 assume identical UL timing across the aggregated serving cells. There are, however, other scenarios where the same UL timing cannot be assumed due to differing propagation delays. As one example, two configured serving cells may reside in different RF bands. Another example is when the PCell and a SCell are not collocated, e.g. in RRH deployment. Consequently, it was agreed in RAN2 that a Rel-11 UE may be configured to support multiple timing advance commands, one for each configured timing advance group (TAG). Although a TAG may contain one or more serving cells only one serving cell in the TAG is configured for random access (RA) and receives a timing advance (TA) command, which in turn, is applicable to all serving cells in the TAG. The PCell performs RA for its TAG, while a SCell is configured for RA in a TAG consisting only of SCells, which we hereafter denote as a SCell-TAG.
Supporting multiple TA commands from a physical layer perspective requires consideration of the permitted combinations of PRACH transmission on a SCell and other UL channels/signals on a different serving cell. Some of these issues were pointed out in a RAN2 LS to RAN1 [1].  In addition, multiple TA could introduce a subframe misalignment between UL serving cells in different TAGs, which, in turn, could lead to power limitation and power fluctuation during transmission in one subframe. This contribution investigates these physical layer aspects for SCell RA and recommends some proposals for consideration.

2. Simultaneous Transmission of PRACH and other Channels/Signals

A few RAN2 agreements with respect to multiple TAGs include:

· There is one timing alignment timer (TAT) per TAG.
· Non-contention based RA is adopted for a SCell.
· When the TAT associated with the PCell expires, all TAT's are considered expired i.e. the UE flushes all HARQ buffers, clears any configured assignments/grants, and RRC releases PUCCH/SRS for all configured serving cells.
· When the TAT associated with an SCell TAG expires
· SRS transmissions in SCell TAG shall be stopped and the Type 0 SRS configuration is released.
·  CQI/PMI/RI reporting configuration for the SCells is maintained. 
· MAC flushes all uplink HARQ buffers for the concerned SCells.
Based on these agreements we assume that there is no PUSCH/SRS transmission in a SCell-TAG during RA on the SCell-TAG. The issue to study, therefore, is whether to allow/disallow simultaneous transmission of PRACH on a SCell-TAG and PUCCH/PUSCH/SRS transmission in another TAG. A few implications of disallowing simultaneous transmission include:

1) PRACH-only: the purpose of the PRACH is to achieve UL sync on the SCell-TAG in a timely manner. This is independent of DL transmission on the PDSCH, which relies on HARQ-ACK and CSI feedback, to optimize the DL transmission efficiency and avoid unnecessary re-transmissions. Therefore, there may be significant degradation in DL performance if PUCCH is dropped when it occurs in the same subframe with a PRACH transmission on a SCell. 

a. Merit: it may be argued that the SCell RA procedure is quite infrequent so the impact on UCI transmission is quite small. For example, the impact of dropping a CSI report should be negligible for low mobility scenarios. 

b. Demerits: 

i. While the preceding statement may acceptable for FDD it may lead to unacceptable performance for TDD where up to 4 DL subframes need to be acknowledged in one UL subframe. 

ii. In addition, the RACH preamble transmission may span multiple subframes causing multiple HARQ-ACK and/or PUSCH transmissions to be dropped.

2) PUCCH/PUSCH prioritization over PRACH: with this option the PRACH can be dropped when it collides with PUCCH/PUSCH transmission on other serving cells. For PUCCH or UCI on PUSCH this option ensures that there is no degradation in DL performance. On the other hand it adds latency to the UL synchronization process for the SCell-TAG. Similarly, dropping PRACH in favor of PUSCH ensures there is no degradation in UL PUSCH performance. 

a. Merit: for non-contention based RA the eNB can avoid collision between SCell PRACH and PUSCH/PUCCH/SRS transmission in a different TAG by scheduling PRACH when there are no DL transmissions requiring HARQ-ACK feedback or PUSCH transmissions.
b. Demerit: increases eNB scheduling complexity for handling PUCCH, PUSCH, aperiodic SRS and PRACH transmissions. Furthermore, for heavy DL data transmission there is no guarantee that PRACH can be scheduled within a reasonable time period, incurring considerable latency in UL synchronization for a SCell-TAG.

Observation: 
· The advantages of dropping PRACH in favor of PUCCH/PUSCH or vice-versa do not significantly outweigh the corresponding disadvantages. Therefore, it is preferable to permit simultaneous transmission of PRACH on a SCell and transmission of other channels/UL signals in a different TAG. 
· It is also possible to consider dropping a CSI report when the CSI report collides with a SCell PRACH transmission. As random access on a SCell is rather infrequent, dropping a CSI report is not expected to have a significant impact on DL throughput especially for low mobility scenarios.

Proposal 1: If PRACH transmission on a SCell collides with PUCCH/PUSCH transmission in a different TAG the UE shall transmit both the random access preamble and the PUCCH/PUSCH transmission. 

With simultaneous transmission comes the possibility that the total required power for a subframe could exceed the maximum power capability. Therefore, the Rel-10 prioritization rules need to be revised to support SCell PRACH transmission. One simple extension to Rel-10 is to give PRACH the same priority level as PUSCH without UCI.
Proposal 2: 
· In case of power limitation at the UE for simultaneous transmission of PRACH on a SCell and PUCCH/PUSCH/SRS on a different serving cell, PUCCH power is prioritized over other UL channels/signals

· PUCCH > PUSCH with UCI > PUSCH without UCI or PRACH on SCell. 
If the PRACH power is scaled down we note that, in contrast to PUSCH, there is no HARQ retransmission feature for PRACH. More importantly, an undesirable consequence of power scaling of PRACH can occur given the PRACH power ramping procedure:
· If the PRACH power is scaled down, the received power at the eNB is lower than the higher-layer configured PREAMBLE_RECEIVED_TARGET_POWER. This complicates eNB receiver design in detecting the PRACH transmission. Equivalently, for the same PRACH receiver design there is a higher probability of missed detection. 
· In Rel-10 if the UE does not detect a random access response (RAR) within the RA response window a power ramping procedure is followed, wherein the UE increments the PREAMBLE_TRANSMISSION_COUNTER by 1 to boost the received power at the eNB: PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
· For heavy DL transmission it is likely that PRACH retransmissions still collide with PUCCH/PUSCH transmissions. Therefore, ramping up the preamble transmission power may not result in a different outcome for PRACH reception. Secondly, it also increases the UL interference caused by the PRACH retransmission. Finally, incrementing the transmit power  was designed for pathloss compensation and not to handle power scaling for simultaneous transmission of PRACH and PUCCH/PUSCH/SRS.

· One possible solution is to prioritize PRACH retransmissions in the case of simultaneous transmission of UL channels/signals. 

We enumerate possible use cases for PRACH retransmission on a SCell when the UE does not detect a RAR within the RA response window for an initial scheduled PRACH transmission.

· Event 1 (normal case): At initial PRACH transmission, the UE was not power limited. For the re-transmission, it is still not power limited. 
· It should ramp up power as in Rel-10.
· Event 2: At initial transmission, the UE was power limited due to a collision with UL transmissions in other TAGs, but for the re-transmission the UE is not power limited. The UE could transmit at the initial PRACH transmission nominal power i.e. there might be no need for ramp-up. One possibility is that the UE increments the PREAMBLE_TRANSMISSION_COUNTER by 1 but temporarily sets the powerRampingStep to zero.
· Note that if the UE ramps up, the initial PUSCH closed loop power control parameter 
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may be higher than is required. 
· Event 3: At initial transmission, UE was power limited due to a collision with UL transmissions in other TAGs. For the re-transmission, it is still power limited due to a collision with other UL transmissions. Ramping up is ineffective in this case and the PRACH can be prioritized over other UL channels/signals for a retransmission. Furthermore, we can consider two alternatives
· Alternative 1: other UL channels/signals are dropped in case of collision with a PRACH retransmission.

· Alternative 2: transmit power allocation for other UL channels/signals are scaled down in case of collision with a PRACH retransmission.

· Event 4: At initial transmission the UE was not power limited whereas it is power limited for the PRACH retransmission due to simultaneous transmission. In this case the UE could ramp up transmit power as in Rel-10 but also prioritize PRACH over other UL channels/signals as in Event 3.
3. Impact of Subframe Misalignment 

Subframe misalignment due to independent timing advances leads to overlapped SC-FDMA symbol transmission. One possible consequence is a transmit power fluctuation within a subframe [2]. An example is shown in Figure 1 for PUSCH and PUCCH transmission on a SCell and the PCell respectively, with a subframe offset for the PUCCH with respect to the PUSCH. In this illustration the total required transmit power exceeds the maximum UE power capability. Following the Rel10 specification the PUCCH power is prioritized over the PUSCH even though the PUSCH transmission started before the PUCCH. 
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Figure 1 Illustration of power fluctuation within a subframe
It is not desirable for the PUSCH transmit power to change within a subframe because this may affect the PUSCH receiver design for e.g. QAM demodulation when different SC-FDMA symbols are received with different powers (this issue was also pointed out in [3]). According to a RAN4 LS [4], the relative propagation delay difference between serving cells (including BS time alignment accuracy) is 31.3 µs. Assuming roughly equal DL and UL propagation delays this timing difference is roughly 50% of an SC-FDMA symbol duration of 66.6 µs. Thus, if the subframe offset is within one SC-FDMA symbol it should be possible for the UE to adjust the total transmit power across multiple serving cells and channel/signal combinations, including power scaling in the case of power limitation, prior to transmission on any serving cell. 

Proposal 3
· A constant transmission power is allocated to all SC-FDMA symbols for PUSCH/PUCCH transmission in a subframe.

· In case the total transmit power would exceed the maximum transmit power at any point in a subframe, power scaling rules are applied prior to transmission of PUSCH/PUCCH/SRS/PRACH on any UL serving cell for the same subframe.

In Rel-10, when SRS and PUSCH coincide in the same symbol on different serving cells, the SRS is dropped. To avoid dropping the SRS the cell-specific subframe configurations were aligned across the configured serving cells. This alignment may not be possible when a Rel-11 UE is configured for multiple TA commands and the result could be frequent dropping of SRS transmissions as pointed out in [5]. Two possibilities for the subframe offset are shown in Figure 2. 
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Figure 2 Subframe offset for simultaneous PUSCH and SRS transmission
In Figure 2(a) there is a positive offset with respect to the PUSCH subframe timing in serving cell 1, where the SRS transmission collides with the latter half of the last SC-FDMA symbol of the PUSCH subframe and the first half of the first SC-FDMA symbol of the next subframe. With respect to the PUSCH transmission in subframe n, PUSCH and SRS do not collide if both cells have the same cell-specific SRS configuration. 

In Figure 2(b) there is a negative offset with respect to the PUSCH in subframe n. The SRS transmission collides with the last two symbols of subframe n and based on Rel-10 rules the SRS is dropped even when subframe n is a cell-specific SRS subframe since it coincides with the last but one symbol in subframe n.  To avoid frequent dropping of the SRS it is recommended to further study methods for simultaneous transmission of SRS and PUSCH.
4. Conclusion

This contribution studied several physical layer aspects resulting from the introduction of multiple timing advances in Rel-11. Our recommendations for RAN1 consideration include
· If PRACH transmission on a SCell collides with PUCCH/PUSCH transmission in a different the UE shall transmit both the random access preamble and the PUCCH/PUSCH transmission.
· In case of power limitation at the UE for simultaneous transmission of PRACH on a SCell and PUCCH/PUSCH/SRS on a different serving cell, PUCCH power is prioritized over other UL channels/signals

· PUCCH > PUSCH with UCI > PUSCH without UCI or PRACH. 
· In the case of a PRACH retransmission on a SCell when the initial PRACH transmission power was scaled down due to collision with other UL channels/signal in a different TAG

· Consider prioritizing the PRACH retransmission.
· Consider temporarily disabling the power ramping step for the PRACH retransmission.
· A constant transmission power is allocated to all SC-FDMA symbols for PUSCH/PUCCH transmission in a subframe.

· In case the total transmit power would exceed the maximum transmit power at any point in a subframe, power scaling rules are applied prior to transmission of PUSCH/PUCCH/SRS/PRACH on any UL serving cell for the same subframe.

· Further study methods for simultaneous transmission of SRS and PUSCH in the case of multiple timing advance commands.
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