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1
Simultaneous transmission on non-LAA and LAA cells
In RAN1#84bis, the following was agreed on simultaneous transmission on non-LAA and LAA cells

Agreement: (RAN1#84bis)
Simultaneous L-cell PUCCH and LAA SCell PUSCH transmission is supported by the UE

· Note: Not configuring this would impact PUSCH transmission opportunities on the LAA SCell

· Note: whether this feature is optional or mandatory is a separate discussion

· Note: this does not necessarily imply that a UE needs support simultaneous PUCCH and PUSCH within one band or adjacent bands

In general, the intention of the agreement as discussed in RAN1 was to not drop transmissions on the unlicensed LAA cells whenever there is a parallel transmission on the licensed carrier. However, the current agreement in RAN1 is only limited to PUCCH on the L-cell and PUSCH on the LAA SCell. We discuss some other scenarios where the agreement for simultaneous transmission might be very useful and prevent the UE from dropping transmissions on the unlicensed cells. 
1.1 PUSCH + SRS collision

Consider the following scenario in which PUSCH is scheduled on the licensed serving cell (say P-Cell) and PUSCH + SRS is scheduled for transmission on the unlicensed serving cell. 
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Figure 1: Illustrating PUSCH on licensed cells + SRS on the unlicensed cells.
From the current specification (Section 8.2 in 36.213), we observe that 
If a UE is not configured with multiple TAGs and the UE not is 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.

This implies that if the UE is not configured with multiple TAGs, then the UE has to drop the SRS on the LAA SCell thus creating a gap in transmission. This would require the UE to regain the medium by performing LBT once again and thus reduces the UL throughput in general. 

While the eNB may configure multiple TAGs and avoid this scenario, we believe that this is an artificial solution that does not address the problem at hand. Hence, we propose the following change to the specification to address this issue. 
Proposal

1. Simultaneous transmission of PUSCH on the licensed serving cell and SRS on the unlicensed serving cell is supported.
2. Simultaneous transmission of PUSCH on the unlicensed serving cell and SRS on the licensed serving cell is supported.
The proposed update to the spec is as below. 
If a UE is not configured with multiple TAGs and the UE not is 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 on non-LAA serving cells.
1.2 
PUCCH Format 2 + SRS collision
Consider the following scenario in which UE transmits PUCCH on the P-Cell and SRS on the secondary cell. 
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Figure 2: PUCCH Format 2 + SRS collision
From the current specification (Section 8.2 in 36.213), we again observe that the UE is not able transmit SRS and PUCCH Format 2 in multiple different scenarios. 
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, or if a UE is configured with multiple TAGs and SRS and PUCCH format 2/2a/2b happen to coincide in the same subframe in the same serving cell,
-
The UE shall not transmit type 0 triggered SRS whenever type 0 triggered SRS and PUCCH format 2/2a/2b transmissions happen to coincide in the same subframe;

-
The UE shall not transmit type 1 triggered SRS whenever type 1 triggered SRS and PUCCH format 2a/2b or format 2 with HARQ-ACK transmissions happen to coincide in the same subframe;
-
The UE shall not transmit PUCCH format 2 without HARQ-ACK whenever type 1 triggered SRS and PUCCH format 2 without HARQ-ACK transmissions happen to coincide in the same subframe.
As in the previous scenario, dropping the SRS would require the UE to perform LBT once again and thus negatively impact the UL throughput. 
Proposal

1. Simultaneous transmission of PUCCH Format 2 on the licensed serving cell and SRS on the unlicensed serving cell is supported.
The updated specification is as follows
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, or if a UE is configured with multiple TAGs and SRS and PUCCH format 2/2a/2b happen to coincide in the same subframe in the same serving cell,

-
The UE shall not transmit type 0 triggered SRS whenever type 0 triggered SRS and PUCCH format 2/2a/2b transmissions happen to coincide in the same subframe;

-
The UE shall not transmit type 1 triggered SRS whenever type 1 triggered SRS and PUCCH format 2a/2b or format 2 with HARQ-ACK transmissions happen to coincide in the same subframe on non-LAA serving cells;

-
The UE shall not transmit PUCCH format 2 without HARQ-ACK whenever type 1 triggered SRS and PUCCH format 2 without HARQ-ACK transmissions happen to coincide in the same subframe on non-LAA serving cells.
1.3 
PUCCH + SRS collision

Similar to the scenarios described in Section 1.1 and Section 1.2, a PUCCH and SRS collision would require the SRS be dropped if it is scheduled on the LAA serving cell. To avoid this scenario, we propose the following changes
Proposal

1. Simultaneous transmission of PUCCH on the licensed serving cell and SRS on the unlicensed serving cell is supported.
The updated specification is as follows

If a UE is not configured with multiple TAGs and the UE not is 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, or if a UE is configured with multiple TAGs and SRS and PUCCH happen to coincide in the same subframe in the same serving cell, 

-
The 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 on non-LAA serving cells if the parameter ackNackSRS-SimultaneousTransmission is FALSE; 
-
For FDD-TDD and primary cell frame structure 1, the UE shall not transmit SRS in a symbol whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format as defined in subclauses 5.4.1, 5.4.2A, 5.4.2B, and 5.4.2C of [3] happen to overlap in the same symbol if the parameter ackNackSRS-SimultaneousTransmission is TRUE.
-
Unless otherwise prohibited, the 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.

If a UE is not configured with multiple TAGs and the UE not is 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 whenever SRS transmission on any non-LAA 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 draft CR is proposed in our companion contribution [1].

2
Conclusions

In this document, we discussed various combinations of collisions between uplink channel transmissions on non-LAA and LAA SCells. In specific, we discuss PUCCH/PUSCH + SRS collisions and propose that 
Proposal

1. Simultaneous transmission of PUSCH on the licensed serving cell and SRS on the unlicensed serving cell is supported
2. Simultaneous transmission of PUSCH on the unlicensed serving cell and SRS on the licensed serving cell is supported

3. Simultaneous transmission of PUCCH Format 2 on the licensed serving cell and SRS on the unlicensed serving cell is supported
4. Simultaneous transmission of PUCCH on the licensed serving cell and SRS on the unlicensed serving cell is supported
3
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