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1 Introduction
In RAN1 #68, issues for simultaneous transmission of multiple UL channels/signals with multi-TA have been discussed, and the following assumptions and agreements have been made [1]. In addition, an LS [2] is sent to RAN4 to ask whether the following cases with partial symbol overlapping can be handled within the transient period, and request RAN4 to confirm the following assumptions.
· Agreed assumptions for the purpose of deciding what behaviour will be specified in RAN1:
· In case of partial symbol overlap arising from different TAs in different TAGs, RAN1 assumes a max overlap of approx. 30us (any tolerances are up to RAN4) for inter-band TAGs
· UE cannot exceed Pcmax even for one symbol
· It is a requirement that the PRACH preamble power is constant for the duration of the preamble
· Conclusions for behaviour when power-limited:
· Partial overlap between:

·  SRS+PUCCH/PUSCH/PRACH

· drop SRS

· PUSCH+PUCCH/PUSCH

· TBD

· PRACH on SCell + PUCCH/PUSCH

· TBD

· Full overlap between:

· PRACH on SCell and SRS 

· drop SRS

· PRACH on SCell and PUCCH/PUSCH

· PRACH>everything else 

Given the above decisions, simultaneous transmission of SRS and PUCCH/PUSCH/PRACH with multi-TA is not supported in case of power limitation in Rel-11. However, there is still no conclusion for the simultaneous transmission of PRACH/PUSCH and PUCCH/PUSCH. In this contribution, we discuss the simultaneous transmission methods for UL channels/signals with multi-TA.
2 Uplink simultaneous transmission with partial overlapping
As analyzed in [3]

 REF _Ref314559226 \r \h 
[4], UL channels/signals in current subframe may overlap with the UL channels/signals in a previous/subsequent subframe due to multi-TA. In case of power limitation, transmit power of UL channels/signals in a previous/subsequent subframe included in the partial overlapping time shall be taken into account during power scaling. Hence, the power scaling method in Rel-10 may not be suitable in Rel-11 with multi-TA, and new power scaling method may become complicated. In addition, new power scaling method may required UE to pre-determine the transmit power of UL channels/signals in a subsequent subframe.
As it was assumed in RAN1#68, the max partial overlapping is about 30s for the multi-TA scenario. It is proposed to consider handling the partial overlapping within the transient period [5]. However, if RAN4 replies that partial overlapping cannot be handled within the transient period, there should be some mechanism to deal with this situation in RAN1 specifications.
Generally, as the partial overlapping time will not exceed one SC-FDMA symbol, one SC-FDMA symbol in PUCCH/PUSCH can be reserved (i.e. not to use) to avoid the overlapping of UL channels/signals in a previous/subsequent subframe, so as to reduce the power scaling complexity by reusing the power scaling method in Rel-10 as much as possible. The following two methods can be considered, and we further compare these two methods from several aspects as follows.
· Alt 1: The first SC-FDMA symbol in a subframe is reserved, as shown in Figure 1
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Figure 1: Reservation with the first SC-FDMA
· Alt 2: The last SC-FDMA symbol in a subframe is reserved, as shown in Figure 2
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Figure 2: Reservation with the last SC-FDMA
PUSCH + PUCCH/PUSCH transmission:

For both Alt1 and Alt2, by reserving one SC-FDMA symbol, the Rel-10 power scaling method can be directly reused for PUSCH and PUCCH/PUSCH simultaneous transmission with multi-TA in one subframe. It is also noted that partial overlapping between PUSCH (in subframe i) and PUCCH/PUSCH (in subframe i+1) is avoided with either Alt1 or Alt2.
SRS + PUCCH/PUSCH transmission:

For Alt1, in case the current subframe is a cell-specific SRS subframe, SRS can be transmitted in the last SC-FDMA symbol if SRS is not overlapped with PUCCH/PUSCH/PRACH on other serving cell (s), as shown in Figure 1.
For Alt 2, SRS cannot be transmitted unless SRS is not overlapped with PUCCH/PUSCH/PRACH on other serving cell (s) and there is no transmission in the subsequent subframe on other serving cell (s) with larger TA. That is, scheduling restriction shall be introduced to eNB in case of SRS transmission. Alternatively, SRS can be defined to transmit in the first SC-FDMA symbol in a subframe, which however will introduce additional impact on current specifications and may impact the UL transmission of legacy UEs.
PRACH + PUCCH/PUSCH transmission:
In case PRACH simultaneous transmission with PUCCH/PUSCH with multi-TA, the partial overlapping of preamble sequence carried on PRACH in current subframe and PUCCH/PUSCH in a subsequent subframe will not exceed 30s since PRACH is transmitted assuming zero TA and there is a Guard Time (GT) in the end of the PRACH which can support the max RTT of the severing cell with PRACH. As shown in Figure 3, preamble sequence carried on PRACH in current subframe will not overlap with PUCCH/PUSCH in a subsequent subframe by reserving the first SC-FDMA of PUCCH/PUSCH using Alt1. Thus, the Rel-10 power scaling method can be largely reused to support PRACH simultaneous transmission with PUCCH/PUSCH by assuming PRACH having the highest priority in case of power limitation. 
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Figure 3: Simultaneous transmission of PRACH and PUCCH/PUSCH with multi-TA using Alt 1
Specification impacts:
Although these two solutions can reduce the power scaling complexity in Rel-11, some specification impacts are also foreseen. In non-SRS subframes, PUCCH formats with the first SC-FDMA symbol reserved shall be defined for Alt1, i.e. shortened PUCCH formats for the first slot, and PUSCH rate-matching based on reserving the first SC-FDMA symbol shall be defined for Alt1. In cell-specific SRS subframes, PUCCH formats with the first and the last SC-FDMA symbols reserved shall be defined for Alt1, i.e. shortened PUCCH formats for both slots, and PUSCH rate-matching based on reserving the first and the last SC-FDMA symbols shall be defined for Alt1.
For Alt2, no additional specification is needed if SRS is transmitted based on scheduling restriction. Otherwise, cell-specific SRS subframes shall be defined in the first SC-FDMA symbol to transmit SRS, and PUCCH formats with the first and the last SC-FDMA symbols reserved shall be defined in cell-specific SRS subframes, i.e. shortened PUCCH formats for both slots, and PUSCH rate-matching based on reserving the first and the last SC-FDMA symbols shall be defined in cell-specific SRS subframes.

In addition, for Alt1, considering that the first SC-FDMA symbol of PUCCH/PUSCH on the serving cell(s) with the smallest TA will not overlap with the PUCCH/PUSCH on other serving cell(s) in a previous subframe, the first SC-FDMA symbol shall not be reserved to increase transmission efficiency. Similarly, for Alt2, considering that the last SC-FDMA symbol of PUCCH/PUSCH on the serving cell(s) with the largest TA will not overlap with the PUCCH/PUSCH on other serving cell(s) in a subsequent subframe, the last SC-FDMA symbol shall not be reserved.
3 SRS+PUCCH/PUSCH transmission with full overlapping
Although Alt1 and Alt 2 in section 2 can avoid partial overlapping between continuous subframes by reserving one SC-FDMA symbol, SRS on one TA group may still overlap with PUCCH/PUSCH on other TA group(s) in the same subframe even if PUCCH uses shortened format and PUSCH is rate-matched based on reserving the last SC-FDMA symbol for SRS transmission in SRS subframes. As shown in Figure 4, SRS transmissions on the last SC-FDMA symbol on CC3 and CC4 will overlap with the last two symbols of PUCCH/PUSCH due to different TAs. Generally speaking, there are several methods to deal with such a case:

· Option 1: SRS is always dropped
· Option 2: PUCCH/ PUSCH should reserve the last two symbols to avoid the overlapping with SRS on other serving cell(s) with different TA
· Option 3: Scaling the transmit power of SRS according to the transmit power of PUCCH/PUSCH if the total transmit power of SRS and PUCCH/PUSCH would exceed the max transmit power of UE; and transmit SRS without power scaling otherwise
For option1, if SRS on one serving cell should be transmitted in current subframe, scheduling restriction shall be involved to avoid the PUCCH/PUSCH transmission on serving cell(s) with different TA values from SRS in the same subframe, which could significantly reduce the spectral efficiency especially for small SRS periodicities. 
For option 2, more specification work is needed to define PUCCH formats with the last two SC-FDMA symbols reserved and PUSCH rate-matching based on reserving the last two SC-FDMA symbols. In addition, the performance and capacity of PUCCH will be largely impacted by reserving the last two SC-FDMA symbols.
For option 3, SRS can be transmitted simultaneously with PUCCH/PUSCH in the same subframe, which avoids dropping SRS without imposing scheduling restrictions to limit PUCCH/PUSCH transmission on serving cells with different TA values. In addition, option 3 requires much less specification impact than option 2. In case the total power of SRS and PUCCH/PUSCH on serving cells with different TAs does not exceed the UE maximum power, the UE shall transmit both SRS and PUCCH/PUSCH without any power scaling. In case the total power of SRS and PUCCH/PUSCH on serving cells with different TAs exceeds the UE maximum transmit power, the UE shall first guarantee the transmit power for PUCCH/PUSCH, and the SRS transmit power shall be scaled down accordingly. In addition, UE shall assume that only SRS of the serving cell(s) belonging to the same TA group could be transmitted in the same subframe, so as to avoid complicated power scaling.
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Figure 4: Simultaneous transmission of SRS and PUCCH/PUSCH 
4 Conclusions
In this contribution, we discuss the simultaneous transmission of uplink channels/signals with different uplink transmission timings in Rel-11, with the following proposals:
Proposal 1: If partial overlapping cannot be handled within the transient period from the RAN4’s perspective, RAN1 shall consider reserving the first or last SC-FDMA symbol to handle the partial overlapping due to multiple TAs.
Proposal 2: Simultaneous transmission of SRS on one TA group and PUCCH/PUSCH on other TA group(s) in one subframe (i.e. full overlapping) shall be supported in Rel-11.
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