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1 Introduction
In LTE-A Rel-10, for a UE configured with multiple serving cells, the same uplink transmission timing is applied in all serving cells, based on the timing advance (TA) derived on the PCell [1]. It was agreed in Rel-11 that further study is needed to support different uplink transmission timings on different serving cells (multi-TA), addressing the deployment scenario where the propagation delays are different on different serving cells due to e.g. frequency selective repeaters.

From RAN2 #74 to RAN2 #76 [2]
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[5], the following agreements had been made for RA procedure on one SCell:
· TA group concept introduced, number of groups FFS

· grouping is configured by eNB, FFS if we have UE assistant information and if reconfiguration during SCell lifetime is useful

· TA maintenance for the TA group containing the PCell will be the same as in Rel-10 (i.e. as in Rel-8)
· A UE supporting multiple TA's will at least support 2 timing groups
· Will go for solution with one TAT(TA timing) per TAG
· Will enable usage of separate values for the different TAG's
· When the TAT associated with Pcell expires, all TAT's are considered expired i.e. and the UE follows the R10 behavior, 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 (FFS if SRS configuration is released)
· CQI/PMI/RI reporting configuration for the SCells is maintained
· MAC flushes all uplink HARQ buffers for the concerned SCells
· The UE does not need to support execution of 2 parallel RACH procedures in parallel
· Random access based solution, i.e. random access on SCell belonging to SCell TA group, is sufficient for supporting Multiple Timing Advance in Rel-11 CA enhancement WI.
· UL timing is same for all the serving cells within the group (all UL SCells transmit simultaneously)
· It is up to UE implementation which ordered or UE initiated RA to prioritize
Given the above RAN2 decisions, serving cells in different TA groups can have different TAs, which may introduce new simultaneous transmission scenarios of uplink channels/signals. In this contribution, we discussion the issues on simultaneous transmission of uplink channels/signals due to multi-TA.
2 Uplink simultaneous transmission with multi-TA

Generally speaking, with the introduction of multi-TA, the possible simultaneous transmission scenarios of uplink channels/signals are shown in Table 1. RAN2 has agreed that multiple PRACH transmissions in one subframe are not supported, and UE is out-of-sync in case PCC is out-of-sync. Thus, PRACH on PCell will never be simultaneously transmitted with other uplink channels/signals in one subframe since there will be no other uplink transmissions until PCC establishes its uplink synchronization. When PCell is in-sync, and one SCell is out-of-sync, PRACH on one SCell and PUCCH/PUSCH/SRS on other serving cell(s) may happen to coincide in one subframe. In such a case, if simultaneous transmission of PRACH and PUCCH/PUSCH/SRS is not supported, it will either impact the data transmission of the serving cell(s) in sync by dropping PUCCH/PUSCH/SRS, or delay the uplink synchronization for the serving cell out-of-sync by dropping PRACH. Especially when PUCCH is dropped, retransmission of all downlink data will greatly reduce the system throughput. Thus, we have the following proposal:
Proposal 1: Simultaneous transmission of PRACH on one SCell and PUCCH/PUSCH one other serving cell(s) in one subframe shall be supported in Rel-11 with multi-TA.
In addition, as analyzed in [6], in Rel-11, when the serving cell(s) with SRS and the serving cell(s) with PUCCH/PUSCH belong to different TA groups, SRS on the last SC-FDMA symbol on one serving cell may not be time aligned with the last SC-FDMA symbol of PUCCH or PUSCH on another serving cell due to different uplink transmission timings. In this case, shortened PUCCH format or rate-matched PUSCH cannot support simultaneous transmission with SRS in one subframe any more. Considering that SRS is used to reflect the uplink channel condition, more SRS dropping may impact both PUSCH and PDSCH scheduling. Thus, to reduce the dropping probability of SRS with multi-TA, simultaneous transmission of SRS and PUCCH/PUSCH shall be supported in Rel-11.
Proposal 2: Simultaneous transmission of SRS on one TA group and PUCCH/PUSCH on other TA group(s) in one subframe shall be supported in Rel-11.
Table 1: Simultaneous transmission scenarios of uplink channels/signals based on multi-TA
	           PCell/SCell

SCell
	PUCCH (only for PCell)
	PRACH
	PUSCH
	SRS

	
	
	PCell
	SCell
	
	

	PRACH
	√
	×
	×
	√
	√

	PUSCH
	√
	×
	√
	√
	√

	SRS
	√
	×
	√
	√
	√


3 Power scaling method with multi-TA 
If SRS and PUCCH/PUSCH simultaneous transmission is supported with multi-TA, the total transmit power of the SC-FDMA symbol with SRS may exceed the UE max transmit power. Thus, the power scaling method for SRS and PUCCH/PUSCH simultaneous transmission with multi-TA shall be further studied. 

Furthermore, as analyzed in [6], when the serving cell(s) with PUSCH and other serving cell(s) with PUCCH/PUSCH belong to different TA groups, the subframe of PUSCH on one serving cell may not be time aligned with the subframe of PUCCH/PUSCH on other serving cell(s) due to different uplink transmission timings. Hence, the power scaling method in Rel-10 may not be suitable in Rel-11 with multi-TA. 
Generally speaking, UL channels/signals in current subframe may overlap with the UL channels/signals in a contiguous subframe due to multi-TA. The following two power scaling methods can be considered.
3.1 Power scaling with overlapping in contiguous subframes
One way is to define new power scaling method to deal with the simultaneous transmission of UL channels/signals in contiguous subframes.  For example:
· Alt 1: Power scaling is applied separately for different periods of time within current subframe with different UL channels/signals simultaneous transmission, so as to ensure that the total transmit power of the UL channels/signals in each period of time would not exceed the UE max transmit power.

In this solution, the transmission time of different UL channels/signals in current subframe shall be divided into multiple periods of time, each having a different UL channels/signals overlapping as shown in Figure 1. For each period of time, if the total transmit power of the UL channels/signals included in the period of time would exceed the max transmit power of UE, the transmit power of UL channels/signals shall be scaled based on a predefined UL channels/signals priority list, i.e. UL channels/signals with the lowest priority shall be scaled first, and multiple UL channels/signals with the same priority shall be scaled equally. Furthermore, if UL channels/signals in the contiguous subframes are included in the period of time, such as t1 and t3 in Figure 1, the transmit power of such UL channels/signals shall be taken into account during power scaling.
For simplicity, UL channels/signals priority in Rel-10 can be reused, i.e. PUCCH has the higher priority than PUSCH with UCI, and the priority of PUSCH with UCI is higher than PUSCH without UCI. In case of PUCCH/PUSCH simultaneous transmission with SRS, the priority of SRS shall be low or equal to PUSCH without UCI. 
It should be noticed that the transmit power of one UL channel/signal in different periods of time may be different due to separate power scaling in each period of time. Considering PUSCH with higher order modulation, multiple SC-FDMA symbols of PUSCH in one subframe should use the same transmit power so as to make sure the eNB can demodulate the PUSCH correctly. Thus, the transmit power of all SC-FDMA symbols of PUCCH/PUSCH may be scaled due to the power limitation on one or several SC-FDMA symbols. At least for PUSCH with higher order modulation, the smallest transmit power among each period of time after power scaling shall be used as the final transmit power of all SC-FDMA symbols in one subframe. 
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Figure 1: Power scaling for UL channels/signals simultaneous transmission in contiguous subframes
3.2 Power scaling without overlapping in contiguous subframes
Another way is to reserve (i.e. not to use) the overlapped SC-FDMA symbols to avoid the overlapping of UL channels/signals in contiguous subframes, so as to reduce the power scaling complexity by reusing the power scaling method in Rel-10 as much as possible. As it was assumed in [7], the propagation delay difference is up to 30 s among the component carriers to be aggregated in inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 31.3 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3 s. Assuming such a propagation delay difference for the multi-TA scenario, only one SC-FDMA symbol needs to be reserved, e.g. by the following:

· Alt 2: The first SC-FDMA symbol is reserved, and SRS is transmitted on the last SC-FDMA symbol if needed
By reserving the overlapped SC-FDMA symbol, the Rel-10 power scaling method can be greatly reused in one subframe. In case there is SRS transmission in a subframe and SRS has the lowest priority, the power scaling shall be first operated for UL channels in current subframe as in Rel-10, and then, SRS transmit power shall be scaled equally considering the transmit power of UL channels overlapped with the SRS in current subframe in case of power limitation. Specially, UE shall assume that only SRS of the serving cell(s) belonging to the same TA group could be transmitted in one subframe, so as to avoid complicated power scaling.
In addition, considering that the UL channels/signals on the serving cell(s) with the smallest TA will not overlap with the UL channels/signals on other serving cell(s) in contiguous subframes, the first SC-FDMA symbol shall not be reserved to increase transmission efficiency.
On the other hand, although this solution can reduce the power scaling complexity in Rel-11, some specification impacts are also foreseen. In non-SRS subframes, new PUCCH format with the first SC-FDMA symbol reserved shall be defined, i.e. shortened PUCCH formats for the first slot, and PUSCH rate-matching based on the first SC-FDMA symbol reserved shall be defined. In cell-specific SRS subframes, new PUCCH format with the first and the last SC-FDMA symbols reserved shall be defined, i.e. shortened PUCCH formats for both slots, and PUSCH rate-matching based on the first and the last SC-FDMA symbols reserved shall be defined.
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Figure 2: Power scaling based on SC-FDMA reservation
Comparing these two alternatives, the power scaling method with Alt 1 has a higher complexity and requires a new power scaling procedure. Although the Rel-10 power scaling method can be largely reused with Alt 2, the power scaling method with Alt 2 requires other specification changes, e.g. introduction of shortened PUCCH formats in the first slot. Hence, we have the following proposal:
Proposal 3: Either Alt 1 or Alt 2 shall be adopted as the power scaling method in Rel-11 with multi-TA considering both specification impact and implementation complexity.
3.3 Power scaling for simultaneous transmission with PRACH
In case PRACH simultaneous transmission with PUCCH/PUSCH is supported, multiple SC-FDMA symbols of PRACH will overlap with PUCCH/PUSCH in the next adjacent subframe since PRACH is transmitted  assuming zero TA, as shown in Figure 3. Considering that PRACH transmission is the main step of uplink synchronization, the transmit power of PRACH shall not be scaled to ensure the detection performance of the preamble sequence.  
Thus, the power scaling method discussed in section 3.1 and 3.2 shall support PRACH simultaneous transmission with PUCCH/PUSCH by assuming PRACH has the highest priority in case of power limitation. Specially, for Alt 2, if PUCCH/PUSCH has several SC-FDMA symbols overlapped with PRACH in current subframe, the transmit power of PRACH can be factored into the UE max transmit power during power scaling, i.e. the resultant of the UE max transmit power minus the transmit power of PRACH as the current remaining transmit power for PUCCH/PUSCH transmission.
Proposal 4: Either Alt 1 or Alt 2 shall be adopted as the power scaling method in Rel-11 with multi-TA assuming PRACH has the highest priority.

[image: image3.emf]Subframe i+1

CC1

CC2

CC3

Subframe i

Subframe i

PUCCH

Subframe i-1

TA 

group1

TA 

group2

TA 

group3

Subframe i+1 Subframe i Subframe i-1

PUSCH PUSCH

PRACH

PUCCH

PUSCH

One SC-FDMA symbol


Figure 3: Power scaling for PRACH and PUCCH/PUSCH simultaneous transmission in contiguous subframes
4 Conclusions
In this contribution, we discuss the simultaneous transmission of uplink channels/signals with different uplink transmission timings and the corresponding power scaling issues in Rel-11, with the following proposals:
Proposal 1: Simultaneous transmission of PRACH on one SCell and PUCCH/PUSCH one other serving cell(s) in one subframe shall be supported in Rel-11 with multi-TA.
Proposal 2: Simultaneous transmission of SRS on one TA group and PUCCH/PUSCH on other TA group(s) in one subframe shall be supported in Rel-11.
Proposal 3: Either Alt 1 or Alt 2 shall be adopted as the power scaling method in Rel-11 with multi-TA considering both specification impact and implementation complexity.
Proposal 4: Either Alt 1 or Alt 2 shall be adopted as the power scaling method in Rel-11 with multi-TA assuming PRACH has the highest priority.
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