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Issue 1: Reduction in timeline from N+4 to N+3
In TS 36.213, the following priority rules are defined for dropping SRS switching:

The following prioritization rules shall be applied when transmitting SRS over serving cell d when the simultaneous transmission of SRS and other signal/channel would result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in the UE-EUTRA-Capability [12]:
-	If PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/PTI/CRI and/or PRACH on a serving cell in set S(d) overlaps in the same symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell d, then the UE shall not transmit SRS. Otherwise,
-	if PUSCH transmission carrying aperiodic CSI on a serving cell in set S(d) overlaps in the same symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) in serving cell d, and if the SRS transmission is a type 0 SRS transmission, then the UE shall not transmit the type 0 SRS. Otherwise,
-	if PUSCH transmission on a serving cell in set S(d) overlaps in more than one symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) in serving cell d, then the UE shall drop the PUSCH transmission. If PUCCH/SRS transmission on a serving cell in set S(d) overlaps in the same symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell d, the UE shall drop the PUCCH/SRS transmission.



These collision rules are essentially the implementation of the following agreement on priority rules:

· A/N, SR, RI/PTI/CRI, PRACH > Rel-14 A-SRS > other A-periodic CSI > Rel-14 P-SRS > other CSI > Legacy SRS

Given the nature of the interruptions due to SRS switching, it is possible that an SRS transmission in subframe N gets interrupted due to a transmission in subframe N+1. If the transmission in subframe N needs to be replaced by something else (e.g. periodic CSI) the UE has 1ms less than the usual timeline to prepare this packet. One example is shown in the example below:

1. UE is scheduled to transmit P-CSI including CQI/PMI only in subframe N+4.
2. UE receives a grant in subframe N triggering A-SRS switching in subframe N+4.
a. After this, UE applies prioritization and drops the P-CSI in subframe N+4 to transmit the SRS.
3. UE receives a DL grant in subframe N+1, with HARQ-ACK to be transmitted in subframe N+5.
a. After this, the UE drops the A-SRS in subframe N+4, since the retuning collides with HARQ-ACK in subframe N+5.
b. If the UE is required to transmit P-CSI in subframe N+4, the UE has only 2ms to prepare this (from grant received in N+1 to P-CSI transmitted in N+4).

A figure illustrating this issue is shown below (where the source CC is kept as FDD for simplicity):



Figure 1 Timeline diagram for N+3 timeline reduction.

Current specification is unclear on whether the UE should transmit CQI in subframe N+4. In our view, the UE should not be required to transmit CQI (or any other channel) for the following reasons:
1) It requires the UE to operate with 1ms less timeline (i.e., the UE has only 2 subframes minus TA to decide on the CQI transmission).
2) Although there is some loss in efficiency due to dropping the first subframe, the dropped subframe contains a low priority transmission (e.g. P-CQI) – otherwise the SRS would have been dropped in the first place.
3) These collision cases can be handled by eNB avoiding the collision (e.g. do not schedule SRS in the first place if a higher priority channel is to be transmitted in subframe N+1).

Proposal 1: In case an SRS transmission in subframe N in a CC without PUSCH/PUCCH is dropped due to collision with a higher priority transmission in subframe N+1, and SRS would have been otherwise transmitted (in case the higher priority transmission in subframe N+1 had not occurred),  the UE is not required to transmit any physical signal or channel in subframe N.

Below we present a TP that implements this proposal:

< TP for proposal 1>
For a TDD serving cell d not configured for PUSCH/PUCCH transmission, denote as s0(d) the corresponding serving cell whose UL transmissions may be interrupted as signalled by srs-SwitchFromServCellIndex. Define the set S(d)= {s0(d)… sN-1(d)} as the set of serving cells that meet the all the following conditions:
-	{s0(d)… sN-1(d)} are in the same band as s0(d).
-	{s0(d)… sN-1(d)} have the same CP as s0(d).
-	{s0(d)… sN-1(d)} are in the same TAG as s0(d).
The following prioritization rules shall be applied when transmitting SRS over serving cell d when the simultaneous transmission of SRS and other signal/channel would result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in the UE-EUTRA-Capability [12]:
-	If PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/PTI/CRI and/or PRACH on a serving cell in set S(d) overlaps in the same symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell d, then the UE shall not transmit SRS. Otherwise,
-	if PUSCH transmission carrying aperiodic CSI on a serving cell in set S(d) overlaps in the same symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) in serving cell d, and if the SRS transmission is a type 0 SRS transmission, then the UE shall not transmit the type 0 SRS. Otherwise,
-	if PUSCH transmission on a serving cell in set S(d) overlaps in more than one symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) in serving cell d, then the UE shall drop the PUSCH transmission. If PUCCH/SRS transmission on a serving cell in set S(d) overlaps in the same symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell d, the UE shall drop the PUCCH/SRS transmission.
In case an SRS transmission in subframe N on serving cell d is dropped due to a collision with a higher priority transmission (as defined above) in subframe N+1, and there is a lower priority transmission (as defined above) in subframe N that would have been dropped had the transmission in subframe N+1 not occurred, the UE is not required to transmit the lower priority transmission in subframe N.
The parameter ackNackSRS-SimultaneousTransmission provided by higher layers determines if a UE is configured to support the transmission of HARQ-ACK on PUCCH and SRS in one subframe. If it is configured to support the transmission of HARQ-ACK on PUCCH and SRS in one subframe, then in the cell specific SRS subframes of the primary cell,
-	if the UE transmits PUCCH format 1/1a/1b/3, the 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. 
-	If the UE transmits PUCCH format 4/5 partly or fully overlapping 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].
For PUCCH format 1/1a/1b/3, 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 4/5, this shortened PUCCH format 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, or if the UE transmits SRS in that subframe even if the PUCCH format 4/5 does not partly or fully overlap with the cell-specific SRS. 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].

</TP for proposal 1>
Issue 2: Support of 6-symbol SRS in UpPTS
One of the techniques introduced in Rel-14 to enhance SRS carrier switching is to allow up to 6 UpPTS symbols to be used by SRS. This enables a UE to switch once to a ‘target CC’, perform subband sounding, and then return to the source CC. This is especially beneficial for power limited UEs, since they may be able to sound the entire bandwidth in a single switch. However, implementing this feature presents the following challenges:
1) This feature requires up to 6 power changes in 6 consecutive SC-FDMA symbols – legacy LTE requires up to 2.
2) This feature is only testable for operators that deploy 6-symbol UpPTS – thus reducing the IODT opportunities, especially in some markets.
3) Even in operators that do support 6-symbol UpPTS, this optimizaiton may be deployed after the initial SRS carrier switching deployment, thus reducing IODT opportunities even more.
In view of the points above, we make the following proposal.

Proposal 2: Introduce new UE capability for support of 6-symbol SRS in UpPTS.

[bookmark: _GoBack]Note that other optimizations for SRS carrier switching (e.g. dynamic HARQ timing) have the corresponding capability defined.

Issue 3: Maximum number of supportable CC

The current capability signalling for SRS carrier switching is as follows:

BandCombinationParameters-v1430 ::= SEQUENCE {
	bandParameterList-v1430			SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 
			BandParameters-v1430		OPTIONAL,
	v2x-SupportedTxBandCombListPerBC-r14			BIT STRING (SIZE (1.. maxBandComb-r13))		OPTIONAL,
	v2x-SupportedRxBandCombListPerBC-r14			BIT STRING (SIZE (1.. maxBandComb-r13))		OPTIONAL
}

[…]
BandParameters-v1430 ::= SEQUENCE {
	bandParametersDL-v1430			MIMO-CA-ParametersPerBoBC-v1430	OPTIONAL,
	ul-256QAM-r14						ENUMERATED {supported}		OPTIONAL,
	ul-256QAM-perCC-InfoList-r14		SEQUENCE (SIZE (2..maxServCell-r13)) OF UL-256QAM-perCC-Info-r14		OPTIONAL,
	retuningTimeInfoBandList-r14		SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 
			RetuningTimeInfo-r14	OPTIONAL
}

[…]
RetuningTimeInfo-r14 ::= SEQUENCE {
	retuningInfo				SEQUENCE {
		rf-RetuningTimeDL-r14			ENUMERATED {n0, n0dot5, n1, n1dot5, n2, n2dot5, n3,
													n3dot5, n4, n4dot5, n5, n5dot5, n6, n6dot5,
													n7, spare1}		OPTIONAL,
		rf-RetuningTimeUL-r14			ENUMERATED {n0, n0dot5, n1, n1dot5, n2, n2dot5, n3,
													n3dot5, n4, n4dot5, n5, n5dot5, n6, n6dot5,
													n7, spare1}		OPTIONAL
	}
}

The structure is such that the UE can signal, for each band pair in a given band combination, what is the time it takes to retune from the first band to the second band. If the retuning time is included, it means that switching is supported, otherwise it means that switching is not supported.

One issue observed with the current signalling is that it does not allow the UE to communicate the number of simultaneously configured target CC. For example, consider a band combination aggregating 5 TDD bands with a single uplink. The UE may be able to switch that single uplink to any of the 4 other bands, but not be able to do it simultaneously. The reason for this is that the UE has to calculate the RF parameters for all these bands (e.g. PA loading, routing, etc.) and store them in a memory that is easily accessible by the RF controller – this way, when switching happens, the UE can quickly reconfigure the front-end. Unfortunately, the size of all these parameters is pretty large, and memory is not dimensioned to accommodate this worst case scenario.

Thus, we propose to make the following addition to the UE capability for SRS carrier switching:

Proposal 3: Add a UE capability (per band combination) on the number of simultaneously configurable target CC for SRS switching.

Note that if this capability is not included, the UE will be forced to signal a smaller number of ‘switchable pairs’ even when it can switch more. For example, if UE can switch between B1/B2/B3 (all 3 possible switches) but UE can only support two of them simultaneously:
- With new capability: B1-B2, B2-B3, B3-B2 + “maxSimultaneous = 2”
- Without new signalling: B1-B2, B2-B3 (dropped the 3rd one because of not being able to configure all of them simultaneously).


Summary of proposals
In this contribution we presented some issues with the current SRS carrier switching specification. We made the following proposals:

Proposal 1: In case an SRS transmission in subframe N in a CC without PUSCH/PUCCH is dropped due to collision with a higher priority transmission in subframe N+1, and SRS would have been otherwise transmitted (in case the higher priority transmission in subframe N+1 had not occurred),  the UE is not required to transmit any physical signal or channel in subframe N.

Proposal 2: Introduce new UE capability for support of 6-symbol SRS in UpPTS.

Proposal 3: Add a UE capability (per band combination) on the number of simultaneously configurable target CC for SRS switching.

Since proposals 2 and 3 require RAN2 signaling, we propose to send an LS to RAN2 with these two proposals.

Proposal 4: Send LS to RAN2 with proposals 2 and 3.
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