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1 Introduction

In RAN1 #85, a set of agreements regarding SRS switching between LTE component carriers were reached regarding to collision handling mechanism:

· To handle collision due to SRS carrier-based switching

· Define priority/dropping rules by taking into account the factors including periodic/aperiodic SRS type, channel/UCI type, and PCell/SCell type

· Rel-13 collision handling rules between SRS and other UL transmissions as baseline, taking into account switching time based on input from RAN4

· Details FFS

· FFS shortened PUSCH format and possible mechanisms to mitigate the effect of puncturing (e.g. power control, different beta value for UCI).

· FFS approaches to help avoid collision, e.g.,

· Introduction of different HARQ timing (e.g. by introduction of HARQ reference subframes)

· Introduction of flexible A-SRS transmission timing

· Group DCI for A-SRS triggering
Furthermore, in RAN1 #86bis, the following were agreed:

· RRC signalling for HARQ reference configuration same (from RAN1 perspective) as in eIMTA (but not associated with eIMTA)

· Working assumption: RRC configure whether SRS flexible timing applies. No timing ambiguity between eNB and UE for SRS transmission is allowed. Details FFS.
This contribution considers remaining details for priority definition and collision handling for accomplishing SRS transmission on TDD CCs without PUSCH. This is an updated version of R1-1608589.
2 Analysis of collisions

There are collisions caused by different reasons and they may take different forms. To effectively handle collisions, the following analysis of collisions is provided.
1) Type 1: A collision caused by UE capability limitations or requirement violations
If the operations configured/scheduled for a UE exceed the UE capability, a collision may occur. In addition, if the operations configured/scheduled for a UE violate requirements/regulations, such as band combination requirements, a collision may occur.
For example, for a UE capable of transmitting in UL on one CC at a time, to transmit SRS on a switching-to CC while at the same time transmitting on the switching-from CC would exceed the UE UL capability and hence this is a collision. In this case, only one transmission can be allowed at a time. 

For another example, for a UE supporting 2 UL CC CA, transmitting SRS on CC1 in Band A and another signal on CC2 in Band B may be a collision, if the UE can support only one band at a time, or if a RF requirement forbids simultaneous transmissions on Bands A and B.
For yet another example, configuring/scheduling a UE to perform two transmissions on overlapping resources also leads to a collision, such as indicating the UE to transmit A-SRS on the same symbol as a configured P-SRS causes a collision.

2) Type 2: A collision caused by RF retuning

Collisions may occur during RF retuning. 
For example, during the switching from CC1 to CC2, RF retuning may cause all CCs within the same band as CC1 not able to transmit, and it may also cause all CCs within the same band as CC2 not able to transmit.
For another example, if the SRS transmission on a PUSCH-less CC is performed in the last OFDM symbol of a subframe, and if the UE RF retuning time is non-zero, then the next subframe (UL or DL) will be affected.
Type 1 collisions may occur on the symbols for SRS transmission by the switching-to CC. On the other hand, Type 2 collisions may occur during the RF retuning time of a SRS switching, but not on the symbols for SRS transmission by the switching-to CC. Both UL and DL may be affected during the collision. Likewise, RACH transmission on a PUSCH-less CC may also cause both types of collisions. Collision handling mechanisms should be applied to all the signals on all OFDM symbols of all affected CCs during the collision.
Observation 1: Collision handling mechanisms should be applied to all the signals on all OFDM symbols of all affected CCs during the collision.

3 Collision handling 
In case of collisions, how to determine which transmission (or reception) should be kept/dropped and enhancements to avoid collisions should be defined. 

The potential solutions could be:
· Option 1: Define priority/dropping rules.

· Option 2: Allow punctured signals.
· Option 3: Provide SRS timing or HARQ timing enhancements.

These options may be combined.

In Option 1, given a certain configured SRS transmission, when it is in collision with PUSCH/PUCCH/PRACH/etc. in another UL carrier, the factors including periodic/aperiodic SRS type and channel/UCI type as well as PCell/SCell type, could be considered when deciding the dropping rule and prioritized transmission.  
· SRS switching can have higher priority than normal data transmissions (PUSCH/PDSCH).

· DL control channels PDCCH should have higher priority than SRS switching.

· As a general guideline, signals carrying ACK/NACK, SR, and RACH information should have higher priority than SRS switching. However, if the negative impact of SRS switching on ACK/NACK can be limited (e.g., via RAN4 requirement of lost ACK/NACK for a CC to be no more than 0.5% due to SRS switching), A-SRS and long-periodicity P-SRS (e.g., with a periodicity ≥ 40 ms) may have higher priority than ACK/NACK.
· Long-term CSI feedback carrying RI/PTI/CRI should have higher priority than SRS switching.
· The priority/dropping rules should be applied after collision avoidance via puncturing signals and/or changing SRS/HARQ timing is applied. For example, if puncturing signals can resolve the collision, then the priority/dropping rules are not applicable; otherwise, the priority/dropping rules are applied.
· Other dropping rules defined in current standards should be applied if applicable.
Option 1: Consider the following priority/dropping rules:
· ACK/NACK, PDCCH, SR, RI/PTI/CRI > A-SRS > long-periodicity P-SRS (≥ 40 ms) > other CSI > short-periodicity P-SRS > PUSCH/PDSCH.
In option 2, one can introduce some forms of punctured PUCCH/PUSCH/PDSCH formats to handle a collision of SRS transmission on a different carrier. PUCCH/PUSCH/PDSCH symbols overlapping with SRS switching may be punctured so that punctured signals and the SRS switching could both be maintained. 
· This could consider to reuse existing partial PDSCH/PUSCH as in LAA/eLAA as much as possible. The number of symbols to be transmitted/received needs not be indicated to the UE since both eNB and UE know how many symbols are in overlap with SRS switching. A slot of a subframe may be punctured while the other slot of the subframe can be maintained.
· Punctured PDSCH can be considered.

· Punctured PUSCH can be considered. However, no DMRS symbol of the PUSCH should be punctured; if DMRS would be impacted, priority/dropping rules should be applied. In addition, if ACK/NACK is embedded in the PUSCH, no ACK/NACK symbol should be punctured; if ACK/NACK would be impacted, priority/dropping rules should be applied. 
· Punctured PUCCH can be considered. However, no DMRS symbol of the PUCCH should be punctured; if DMRS would be impacted, priority/dropping rules should be applied. However, if non-DMRS symbols are covered by OCC in time domain, puncturing can violate orthogonality for multiplexed UEs and hence should not be applied.
Option 2: Partial PDSCH/PUSCH subframes, punctured PDSCH, PUSCH (not impacting DMRS symbol or ACK/NACK symbol), and PUCCH (not impacting DMRS or time-domain OCC symbols) formats can be considered.
In option 3, changing HARQ timing according to eIMTA reference timing has already been agreed. Furthermore, the following could be considered. 
· Suppose SRS is configured or indicated to be sent in a PUSCH-less CC in subframe n. If the SRS switching is in collision with ACK/NACK or any other higher priority signals pre-configured/pre-scheduled by the network for subframe n, the SRS switching is postponed to the next SRS transmission opportunity allowed for the UE, until when there is no collision with ACK/NACK (or no collision with any other higher priority signals, or even no collision with any other higher priority signals), or until when the next SRS switching occurs. Both eNB and UE have the common understanding of the potential signal transmissions and collisions, so there would be no ambiguity. 
Option 3: Consider the following timing modifications:

· Postpone SRS switching to the next SRS transmission opportunity allowed for the UE until when there is no collision with ACK/NACK or until the next SRS switching.
4 Conclusions

SRS transmission with carrier based switching on a CC may cause collisions. In this contribution, remaining details on potential options are identified to reduce possible collisions and to define collision handling rules. 
Proposal: The following options are considered for handling collision due to SRS transmission:
Option 1: Consider the following priority/dropping rules:
· ACK/NACK, PDCCH, SR, RI/PTI/CRI > A-SRS > long-periodicity P-SRS (≥ 40 ms) > other CSI > short-periodicity P-SRS > PUSCH/PDSCH.
Option 2: Partial PDSCH/PUSCH subframes, punctured PDSCH, PUSCH (not impacting DMRS symbol or ACK/NACK symbol), and PUCCH (not impacting DMRS or time-domain OCC symbols) formats can be considered.
Option 3: Consider the following timing modifications:

· Postpone SRS switching to the next SRS transmission opportunity allowed for the UE until when there is no collision with ACK/NACK or until the next SRS switching.
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