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Background

With the introduction of UL CA in Rel-10, collision handling rules between PUSCH and SRS in different CCs were adopted. The original intention was to disallow concurrent transmission of PUSCH/PUCCH and SRS in different serving cells. The following statements can be found in TS 36.213 v10.13.0, Clause 8.2:

A UE shall not transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is FALSE. A UE shall transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format as defined in subclauses 5.4.1 and 5.4.2A of [3] happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is TRUE.
A UE shall not transmit SRS whenever SRS transmission on any serving cells and PUCCH transmission carrying HARQ-ACK and/or positive SR using normal PUCCH format as defined in subclauses 5.4.1 and 5.4.2A of [3] happen to coincide in the same subframe.
A UE shall not transmit SRS whenever SRS and PUSCH transmissions happen to coincide in the same symbol.

All these conditions were changed in later releases, allowing for simultaneous transmission of SRS and PUSCH/PUCCH. For instance, in TS 36.213 v14.3.0, the dropping of SRS was conditioned on the UE not being configured with multiple TAGs or with the parameter srs-UpPtsAdd. The following conditions are included in one of the conditions:
If a UE is not configured with multiple TAGs and the UE is not configured with the parameter srs-UpPtsAdd for trigger type 1, or if a UE is not configured with multiple TAGs and the UE is not configured with more than one serving cell of different CPs, the UE shall not transmit SRS in a symbol whenever SRS and PUSCH transmissions happen to overlap in the same symbol, except when the SRS is on a TDD serving cell not configured for PUSCH/PUCCH transmission.

Note that the previous statement does not only impact the new cases (e.g. SRS in additional UpPts symbols, or collision across different TAGs), but also legacy cases (e.g. collision of SRS + PUSCH in same TAG). In the following, we present some issues with this change that make implementation complexity increased, and a solution to solve it.

Problems and possible solution
The main reason to allow simultaneous PUSCH/PUCCH and SRS transmission was that, if the UE has enough power, there is no clear reason to drop the SRS transmission. For the cases where the UE is power limited, power control/dropping rules for SRS would lead to SRS transmission with reduced power and/or dropping.
The power sharing mechanisms do indeed work when the power for the SRS transmission can be set independently from that of PUSCH/PUCCH in a different serving cell. This is the case when both carriers use different power amplifiers (PA), such that setting the power in one of the carriers does not impact transmission on the other one.
In some cases, however, the PA is shared among different carriers. One particular case of interest is the case of contiguous intra-band carrier aggregation, in which RAN4 requirements assume single PA. In this case, we would have a power change during an ongoing uplink transmission, which may result in phase discontinuity. We show this issue in Figure 1.



Figure 1 Issue with phase continuity with SRS transmission
Let us describe step by step the issue:
1. At the beginning of the subframe, the UE calculates the transmit power for PUSCH in CC1. Based on this power, it selects the set point of the PA that accommodates such power. In Figure one, the UE selects the second set point, since it is the smallest one that can allow for the desired power.
2. In the last symbol, the UE has to transmit SRS. This will increase the total transmit power in the last symbol. When increasing the power, two things can happen:
· The increase in power is rather small, so the PA set point is not changed. In this case, the UE transmits SRS and no issue is observed.
· The increase in power is larger, so the PA set point has to change. For example, in Figure 1, the UE has to move from set point 2 to set point 5. This change in the set point will affect the phase continuity of PUSCH in CC1 (essentially, the last symbol in the subframe will be lost, since there is no way to recover that information).

In this particular case of shared PA, this ‘glitch’ may reduce the data rate significantly, especially when operating in high SNR conditions. To avoid this degradation, our proposal is to allow the UE to drop the SRS for the case of ‘single PA’. Since there is no notion of ‘single PA’, nor signalling to convey this information in RAN1/2 specifications, we have the following alternatives:
1. For the case of collision within the same TAG allow dropping of SRS.
2. For the case of intra-band carrier aggregation, allow dropping of SRS.
3. Introduce signalling to expose which CC use the same PA (e.g. per band-combination, signal which CC use the same PA).
4. For the case of same TAG, same band, same CP, allow dropping of SRS.
Note that option 4 is the most restrictive one, so the number of band combinations affected should be the smallest one. Although any of the options above would solve the problem, we think option 4 would allow for the minimum SRS dropping, and would not require the introduction of new signalling. Thus, we propose to adopt Option 4.

Proposal: For the case of collision between PUCCH/PUSCH and SRS in same TAG, same band, same CP, the UE is allowed to drop SRS.
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