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1 Introduction
In RAN1 #68, the following agreements have been made for simultaneous transmission of multiple UL channels/signals with multi-TA [1].
· 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 

However, there is still no conclusion on SRS and PUCCH/PUSCH transmission in the same subframe with multi-TA. In this contribution, we discuss the simultaneous transmission of SRS and PUCCH/PUSCH with multi-TA in Rel-11.
2 Discussions
Generally speaking, there are two scenarios for SRS transmission with other UL channels with multi-TA. For scenario 1, SRS in the current subframe in one TA group partially overlaps with UL channel(s) in the subsequence subframe in another TA group, which is defined as partial overlapping between SRS and UL channels, as shown in Figure 1. For scenario 2, SRS in one TA group only overlaps with UL channel(s) in another TA group in the same subframe, which is defined as full overlapping between SRS and UL channels, as shown in Figure 2.
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Figure 1: Scenario 1 with partial overlapping between SRS and PUCCH/PUSCH with multi-TA
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Figure 2: Scenario 2 with full overlapping between SRS and PUCCH/PUSCH/PRACH with multi-TA
In case of power limitation, as it was agreed in RAN1#68, SRS is dropped when SRS partially overlaps with PUCCH/PUSCH in different subframes, or when SRS overlaps with PRACH in the same subframe. However, for full overlapping between SRS and PUCCH/PUSCH in the same subframe with multi-TA, there is still no conclusion. In case of non-power limitation, SRS transmissions with PUCCH/PUSCH/PRACH in both scenarios above are not discussed yet.
Although Alt3 and Alt4 in [2] can avoid partial overlapping between continuous subframes by reserving one SC-FDMA symbol, SRS in one TA group may still overlap with PUCCH/PUSCH in 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 2, SRS transmission on the last SC-FDMA symbol on CC2 overlaps with the last two SC-FDMA symbols of PUCCH due to different TA values. In addition, even if RAN4 shall adjust the transient period according to the LS [3], power scaling in scenario 2 cannot be handled within the transient period in case of power limitation. 

Thus, some mechanism to deal with the full overlapping between SRS and PUCCH/PUSCH with multi-TA shall be included in RAN1 specifications to ensure UE transmission power may not exceed the maximum transmit power Pcmax in any period. Generally speaking, there are several methods as follows:

· Option 1: SRS is always dropped

· Option 2: PUCCH/ PUSCH should reserve the last two SC-FDMA symbols to avoid the overlapping with SRS on other serving cell(s) with different TA values
· 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 Pcmax of UE; and transmit SRS without power scaling otherwise

For option1, if SRS on one serving cell should be transmitted in the 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 one subframe, which avoids dropping SRS and hence does not impose 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 TA values does not exceed Pcmax, the UE can 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 TA values exceeds Pcmax, power scaling method in Rel-10 shall be largely reused by assuming that SRS has a lowest priority, i.e. the UE shall first guarantee the transmit power for PUCCH/PUSCH, and the SRS transmit power shall be scaled down accordingly. Furthermore, UE shall assume that for each SRS transmission opportunity, 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.

For both power limited case and non-power limited case, option 3 is a better choice to avoid frequent SRS dropping due to multi-TA, which also simplifies eNB implementation since SRS is always transmitted and eNB does not need to perform blind detection on SRS to determine if SRS is transmitted. Obviously, if option 3 is adopted for SRS and PUCCH/PUSCH simultaneous transmission with full overlapping, SRS and PRACH simultaneous transmission with full overlapping can also be supported by option 3 together with the power scaling method described in section 2 in [2]. Thus, we have the following proposals:
Proposal 1: Simultaneous transmission of SRS in one TA group and PUCCH/PUSCH/PRACH in other TA group(s) in one subframe shall be supported in both power limited case and non-power limited case in Rel-11.
Proposal 2: In case of full overlapping between SRS and PUCCH/PUSCH/PRACH due to multiple timing advances, power scaling is applied as following rules:

· First guarantee the transmit power for PUCCH/PUSCH/PRACH according to the predefined priority among PUCCH/PUSCH/PRACH
· Then scale the transmit power of SRS according to the transmit power of PUCCH/PUSCH/PRACH, i.e. the UE scales 
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·  In case there is no PUCCH transmission in subframe i, 
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· In case there is no PUSCH  transmission in subframe i, 
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· In case there is no PRACH transmission in subframe i, 
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3 Conclusions
In this contribution, we discuss the simultaneous transmission of SRS and PUCCH/PUSCH/PRACH with full overlapping due to multi-TA in Rel-11, with the following proposals:
Proposal 1: Simultaneous transmission of SRS in one TA group and PUCCH/PUSCH/PRACH in other TA group(s) in one subframe shall be supported in both power limited case and non-power limited case in Rel-11.
Proposal 2: In case of full overlapping between SRS and PUCCH/PUSCH/PRACH due to multiple timing advances, power scaling is applied as following rules:

· First guarantee the transmit power for PUCCH/PUSCH/PRACH according to the predefined priority among PUCCH/PUSCH/PRACH
· Then scale the transmit power of SRS according to the transmit power of PUCCH/PUSCH/PRACH, i.e. the UE scales 
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·  In case there is no PUCCH transmission in subframe i, 
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· In case there is no PUSCH transmission in subframe i, 
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· In case there is no PRACH transmission in subframe i, 
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