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1. Discussion
In case of legacy PUCCH transmission, shortened format is always used in cell-specific SRS subframe regardless of whether the PUCCH resource (e.g. PRB) is overlapped with cell-specific SRS bandwidth or not, even in case when UE does not transmit its own SRS. This behaviour is necessary for reliable PUCCH multiplexing (i.e. CDM with time-domain OCC) within a same PRB with the PUCCH transmissions from other UEs transmitting both PUCCH and SRS simultaneously in a subframe. 
On the other hand, unlike the legacy PUCCH format based on CDM by applying OCC in time-domain, new PUCCH format 4 (without CDM) or 5 (with CDM in frequency-domain) does not apply CDM in time-domain to both UCI and DMRS symbols for PUCCH multiplexing within a PRB. Therefore, it is inefficient for PUCCH format 4 or 5 to always use shortened PUCCH format in cell-specific SRS subframe in case when the PUCCH resource is not overlapped with cell-specific SRS bandwidth, even though there is no problem in PUCCH multiplexing. Since coding rate of UCI will increase when shortened PUCCH format is used for PUCCH format 4 or 5, DL throughput performance might be degraded to guarantee reliable UCI coding rate or more UL transmit power for PUCCH transmission might be required to recover the increased UCI coding rate. Moreover, considering TDD case, if simultaneous transmission of HARQ-ACK and SRS is configured, shortened PUCCH format 4 or 5 which causes increase of UCI coding rate will be used in most UL subframes. In this point of view, it is obviously beneficial that PUCCH format 4 or 5 follows PUSCH behaviour (e.g. rate-matching around SRS symbol only in case of overlapping with cell-specific SRS bandwidth) rather than legacy PUCCH behaviour. 

Proposal 1: It is reasonable for PUCCH format 4 or 5 to follow PUSCH behaviour (e.g. rate-matching around SRS symbol only in case of overlapping with cell-specific SRS bandwidth) for simultaneous transmission of HARQ-ACK and SRS. 
In addition, it was agreed to support periodic CSI (and/or SR) only transmission by using PUCCH format 4 or 5 without HARQ-ACK. Unlike the legacy PUCCH format 2 for which shortened format is not supported, simultaneous transmission of periodic CSI (and/or SR) and SRS is possible with PUCCH format 4 or 5 since shortened format is already specified for those new PUCCH formats. Since shortened PUCCH format is configured to protect SRS even for HARQ-ACK transmission which is considered as more important UCI than periodic CSI, it is reasonable to use shortened PUCCH format 4 or 5 for supporting simultaneous transmission of periodic CSI (and/or SR) and SRS. 
Proposal 2: It is reasonable to support simultaneous transmission of periodic CSI (and/or SR) and SRS by using shortened PUCCH format 4 or 5. 
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8.2
UE sounding procedure

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group unless stated otherwise

· When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, and ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell or serving cells belonging to the primary PUCCH group respectively unless stated otherwise.

· When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’ and ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated otherwise. The term ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.
A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types: 

-
trigger type 0: higher layer signalling 

-
trigger type 1: DCI formats 0/4/1A for FDD and TDD and DCI formats 2B/2C/2D for TDD. 

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving cell, the UE shall only transmit the trigger type 1 SRS transmission.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. The following SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type 0 and for trigger type 1.

-
Number of combs 
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 as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger type 1, if configured

-
Transmission comb [image: image2.wmf]TC
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, as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger type 1

-
Starting physical resource block assignment [image: image3.wmf]RRC
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, as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger type 1

-
duration: single or indefinite (until disabled), as defined in [11] for trigger type 0

-
srs-ConfigIndex ISRS for SRS periodicity [image: image4.wmf]SRS
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 and SRS subframe offset [image: image5.wmf]offset
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, as defined in Table 8.2-1 and Table 8.2-2 for trigger type 0 and SRS periodicity [image: image6.wmf]SRS,1
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 and SRS subframe offset [image: image7.wmf]1
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, as defined in Table 8.2-4 and Table 8.2-5 trigger type 1

-
SRS bandwidth [image: image8.wmf]SRS
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, as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger type 1

-
Frequency hopping bandwidth, [image: image9.wmf]hop
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, as defined in subclause 5.5.3.2 of [3] for trigger type 0

-
Cyclic shift [image: image10.wmf]cs
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, as defined in subclause 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger type 1

-
Number of antenna ports [image: image11.wmf]p
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 for trigger type 0 and each configuration of trigger type 1

For trigger type 1 and DCI format 4 three sets of SRS parameters, srs-ConfigApDCI-Format4, are configured by higher layer signalling. The 2-bit SRS request field [4] in DCI format 4 indicates the SRS parameter set given in Table 8.1-1. For trigger type 1 and DCI format 0, a single set of SRS parameters, srs-ConfigApDCI-Format0, is configured by higher layer signalling. For trigger type 1 and DCI formats 1A/2B/2C/2D, a single common set of SRS parameters, srs-ConfigApDCI-Format1a2b2c, is configured by higher layer signalling. The SRS request field is 1 bit [4] for DCI formats 0/1A/2B/2C/2D, with a type 1 SRS triggered if the value of the SRS request field is set to '1'. 
A 1-bit SRS request field shall be included in DCI formats 0/1A for frame structure type 1 and 0/1A/2B/2C/2D for frame structure type 2 if the UE is configured with SRS parameters for DCI formats 0/1A/2B/2C/2D by higher-layer signalling.  

Table 8.1-1: SRS request value for trigger type 1 in DCI format 4

	Value of SRS request field
	Description

	'00'
	No type 1 SRS trigger

	'01'
	The 1st SRS parameter set configured by higher layers

	'10'
	The 2nd SRS parameter set configured by higher layers

	'11'
	The 3rd SRS parameter set configured by higher layers


The serving cell specific SRS transmission bandwidths [image: image12.wmf]SRS
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 are configured by higher layers. The allowable values are given in subclause 5.5.3.2 of [3]. 

The serving cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given in subclause 5.5.3.3 of [3]. 

For a TDD serving cell, SRS transmissions can occur in UpPTS and uplink subframes of the UL/DL configuration indicated by the higher layer parameter subframeAssignment for the serving cell.

When closed-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit antenna selection, the index [image: image13.wmf](
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when frequency hopping is enabled (i.e., [image: image18.wmf]SRS
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where values BSRS, bhop, Nb, and nSRS are given in subclause 5.5.3.2 of [3], and [image: image19.wmf]Õ
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 value), except when a single SRS transmission is configured for the UE. If a UE is configured with more than one serving cell, the UE is not expected to transmit SRS on different antenna ports simultaneously.
A UE may be configured to transmit SRS on [image: image22.wmf]p
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 antenna ports of a serving cell where[image: image23.wmf]p
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 may be configured by higher layer signalling. For PUSCH transmission mode 1 [image: image24.wmf]}
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and for PUSCH transmission mode 2 [image: image25.wmf]}
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 with two antenna ports configured for PUSCH and [image: image26.wmf]}
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 with 4 antenna ports configured for PUSCH. A UE configured for SRS transmission on multiple antenna ports of a serving cell shall transmit SRS for all the configured transmit antenna ports within one SC-FDMA symbol of the same subframe of the serving cell.  
The SRS transmission bandwidth and starting physical resource block assignment are the same for all the configured antenna ports of a given serving cell. The UE does not support a value of 
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 set to ‘4’, if the UE is configured for SRS transmission on 4 antenna ports of a serving cell.

A UE not configured with multiple TAGs shall not transmit SRS in a symbol whenever SRS and PUSCH transmissions happen to overlap in the same symbol.

For TDD serving cell, and UE not configured with additional SC-FDMA symbols in UpPTS, when one SC-FDMA symbol exists in UpPTS of the given serving cell, it can be used for SRS transmission, when two SC-FDMA symbols exist in UpPTS of the given serving cell, both can be used for SRS transmission and for trigger type 0 SRS both can be assigned to the same UE. For TDD serving cell, and if the UE is configured with two or four additional SC-FDMA symbols in UpPTS of the given serving cell, all can be used for SRS transmission and for trigger type 0 SRS at most one can be assigned to the same UE.

If a UE is not configured with multiple TAGs, 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.

If a UE is not configured with multiple TAGs, 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 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.

A UE not configured with multiple TAGs 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.
In UpPTS, whenever SRS transmission instance overlaps with the PRACH region for preamble format 4 or exceeds the range of uplink system bandwidth configured in the serving cell, the UE shall not transmit SRS.
The parameter ackNackSRS-SimultaneousTransmission provided by higher layers determines if a UE is configured to support the transmission of HARQ-ACK on PUCCH format 1/1a/1b/3 and SRS in one subframe. If it is configured to support the transmission of HARQ-ACK on PUCCH format 1/1a/1b/3 and SRS in one subframe, then in the cell specific SRS subframes of the primary cell UE shall transmit HARQ-ACK and SR using the shortened PUCCH format as defined in subclauses 5.4.1 and 5.4.2A of [3], where the HARQ-ACK or the SR symbol corresponding to the SRS location is punctured. 
The parameter ackNackSRS-SimultaneousTransmission provided by higher layers determines if a UE is configured to support the transmission of HARQ-ACK or periodic CSI on PUCCH format 4/5 and SRS in one subframe. If it is configured to support the transmission of HARQ-ACK or periodic CSI on PUCCH format 4/5 and SRS in one subframe and if the PUCCH transmission partly or fully overlaps with the cell-specific SRS bandwidth in the cell specific SRS subframes of the primary cell, then UE shall transmit UCI using the shortened PUCCH format as defined in subclauses 5.4.2B and 5.4.2C of [3], where the UCI symbol corresponding to the SRS location is punctured.
This shortened PUCCH format shall be used in a cell specific SRS subframe of the primary cell even if the UE does not transmit SRS in that subframe for PUCCH format 1/1a/1b/3, and it shall be used if the PUCCH transmission partly or fully overlaps with the cell-specific SRS bandwidth in the cell specific SRS subframes of the primary cell even if the UE does not transmit SRS in that subframe for PUCCH format 4/5. The cell specific SRS subframes are defined in subclause 5.5.3.3 of [3]. Otherwise, the UE shall use the normal PUCCH format 1/1a/1b as defined in subclause 5.4.1 of [3] or normal PUCCH format 3 as defined in subclause 5.4.2A or normal PUCCH format 4 as defined in subclause 5.4.2B or normal PUCCH format 5 as defined in subclause 5.4.2C of [3] for the transmission of HARQ-ACK and periodic CSI and SR.
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