
3GPP TSG RAN WG1 Meeting #67

R1-113721
San Francisco, USA, 14th – 18th November 2011
Source:
CATT 

Title:
Simultaneous transmission of multiple uplink channels in LTE-A Rel-11
Agenda Item:
7.2.1.2
Document for:
Discussion and Decision
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 from the random access procedure on the PCell [1]. It was agreed in Rel-10 that further study is needed to support different uplink transmission timings on different serving cells, addressing the deployment scenario where the propagation delays are different on different serving cells due to e.g. frequency selective repeaters.

It was agreed in RAN2#74 that RACH based procedure to acquire multiple TA is baseline, and the TA group concept was introduced [2], where the same TA is applied to all serving cells belonging to the same TA group. Serving cells in different TA group can have different TAs, which may introduce new simultaneous transmission scenarios of multiple uplink channels. In this contribution, we discuss the issues on simultaneous transmission of multiple uplink channels due to the introduction of multiple TAs.
2 Discussion 
2.1 SRS + PUCCH/PUSCH simultaneous transmission
In Rel-10, SRS and PUCCH simultaneous transmission in one symbol is not supported. In case of SRS on one serving cell colliding with PUCCH on PCell in one subframe, SRS is transmitted if shortened PUCCH format is used; otherwise, SRS is dropped [1]. In Rel-10, SRS and PUSCH simultaneous transmission in one symbol is not supported as well. In case of SRS on one serving cell colliding with PUSCH on another serving cell in one subframe, SRS is transmitted if PUSCH is rate-matched based on the last SC-FDMA symbol; otherwise, SRS is dropped [1]. These methods are suitable for Rel-10 because all serving cells use the same TA derived from PCell to adjust the uplink transmission timing. Thus, SRS on the last SC-FDMA symbol on one serving cell is always time aligned with the last SC-FDMA symbol of PUCCH on PCell and/or the last SC-FDMA symbol of PUSCH on another serving cell.
However, in Rel-11, when the serving cells with SRS and PUCCH belong to different TA groups, SRS on the last SC-FDMA symbol on one secondary cell may not be time aligned with the last SC-FDMA symbol of PUCCH on PCell due to different uplink transmission timings, as shown in Figure 1. In this case, shortened PUCCH format cannot support SRS and PUCCH simultaneous transmission in one subframe any more. 
Similar to the analysis for PUCCH, in Rel-11, when the serving cells with SRS and 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 PUSCH on another serving cell due to different uplink transmission timings. Figure 2 shows an example of SRS and PUSCH simultaneous transmission on different serving cells belong to different TA groups. In this case, PUSCH rate matching based on the last SC-FDMA symbol may not be suitable for supporting SRS and PUSCH simultaneous transmission in one subframe any more.
If SRS and PUCCH/PUSCH simultaneous transmission is not supported in the above cases, SRS shall be dropped, which will increase the dropping probability of SRS, and may impact both PUSCH and PDSCH scheduling. 
If SRS and PUCCH/PUSCH simultaneous transmission is supported in the above cases, 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 based on different uplink transmission timings shall be further studied. It should be noticed that the transmit power of all SC-FDMA symbols of PUCCH/PUSCH may be scaled due to the power limitation on one SC-FDMA symbol colliding with SRS transmission.
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Figure 1: SRS and PUCCH simultaneous transmission with different TAs
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Figure 2: SRS and PUSCH simultaneous transmission with different TAs
2.2 PUSCH + PUCCH/PUSCH simultaneous transmission
In Rel-10, simultaneous PUSCH and PUCCH transmission in one subframe, and multiple PUSCH transmissions on different serving cells in one subfame are supported. In case of power limitation, PUSCH transmission powers are scaled in order to ensure the total transmit power does not exceed the UE max transmit power, and the transmit power of PUCCH shall not be scaled considering the requirement of higher robustness for control channels. In addition, power scaling is not applied to PUSCH with UCI unless the transmit power of all PUSCHs without UCI is scaled to zero and the total transmit power still exceeds the UE max transmit power [1]. Considering that the power scaling in Rel-10 is applied at a unit of subframe, it is required that the SC-FDMA symbols of different uplink channels on different serving cells are always time aligned at subframe boundary.

However, in Rel-11, when the serving cells with PUSCH and PUCCH belong to different TA groups, the subframe of PUSCH on one secondary serving cell may not be time aligned with the subframe of PUCCH on PCell due to different uplink transmission timings, as shown in Figure 3. For PUCCH on serving cell 1 and PUSCH with UCI on serving cell 2, the last two SC-FDMA symbols have different power limitation condition with other SC-FDMA symbols in the subframe. 
Similar to the analysis for PUCCH, in Rel-11, when the multiple serving cells with PUSCH transmission belong to different TA groups, the subframe of PUSCH on one serving cell may not be time aligned with the subframe of PUSCH on another serving cell due to different uplink transmission timings, as shown in Figure 4. For PUSCH with UCI on serving cell 1 and PUSCH without UCI on serving cell 2, the first SC-FDMA symbol has different power limitation condition with other SC-FDMA symbols in the subframe.
Hence, the power scaling method in Rel-10 may not be compatible for simultaneous transmission of PUSCH and PUCCH/PUSCH in Rel-11 with multiple TAs. New power scaling method shall be further studied considering different uplink transmission timings of different serving cells in Rel-11. 
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Figure 3: PUSCH and PUCCH simultaneous transmission with different TAs
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Figure 4: PUSCH and PUSCH simultaneous transmission with different TAs
3 Conclusions
In this contribution, we discuss the power control issues on simultaneous transmission of multiple uplink channels with different uplink transmission timings in LTE-A Rel-11. For simultaneous transmission of SRS and PUCCH/PUSCH, as well as PUSCH and PUCCH/PUSCH, on serving cells of different uplink transmission timings, further study is needed on the transmit power scaling methods.
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