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1 Introduction

In RAN1 #85 meeting, a set of agreements regarding SRS switching between LTE component carriers were reached regarding to collision handling mechanism [1]:

· 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

This contribution considers the scheme of collision handling for SRS on TDD CCs without PUSCH.
2 Consideration for Collision Handling for SRS on TDD CCs without PUSCH
An UL transmission collision may occur due to at least the following:

1. The UL transmissions scheduled on CCs exceed the UE UL CA capability;

2.  UL transmission and DL reception are interrupted during the switching time for a SRS switching. 

For example, if the SRS transmission on a PUSCH-less CC is performed in the last OFDM symbol of a subframe, and if the UE switching time is non-zero, then the next subframe (UL or DL) will be affected. In other words, this may affect not only the subframe of SRS transmission on a PUSCH-less CC, it may also affect the next subframe of the switching-from CC (e.g., the PCell) during the switching-back operation. 
In case of transmission collisions, how to determine which transmission (or reception) should be kept/dropped and what the UE behavior is should be defined. Implementation-based operations, such as if eNB knows a scheduling operation would lead to a collision and then avoids it, are not discussed in the contribution but should be considered in implementations whenever applicable.
The potential solutions could be:
· Approach 1: Define priority rules when the UL CC transmissions are in collision.
· Approach 2: Define shortened PUSCH/PUCCH formats.
· Approach 3: Change aperiodic SRS transmission timing or HARQ timing.
In approach 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.  
· For example, in case that an aperiodic SRS transmission configured for a TDD cell on a certain subframe is in collision with other  uplink transmissions, the aperiodic SRS transmission may be of higher priority than a PUSCH/PUCCH with no HARQ transmissions or carrying no HARQ information (e.g., ACK/NACK), but of lower priority than PRACH/PUCCH/PUSCH with HARQ transmissions or carrying HARQ information. 
· In case that a periodic SRS transmission is in collision with another UL transmission (e.g., PRACH/PUSCH/PUCCH transmission on another CC), one option is that, depending on periodicity of this SRS transmission, the priority could be variable. Short periodicity SRS is of lower priority than PRACH/PUSCH/PUCCH transmissions and the SRS transmission may be dropped on that subframe. However, relatively long periodicity SRS is of higher priority than PRACH/PUSCH/PUCCH transmissions and the SRS transmission may be kept on that subframe. 
· The corresponding type of transmission on PCell is of higher priority than that on SCell.
· One can define different priorities for different subframe sets. For example, on one subframe set, SRS has lower priority than other UL transmissions, while on another subframe set, SRS has higher priority than other UL transmissions. The sets may be related to pre-configured UL transmissions (SRS or others) so that these pre-configured UL transmissions can be better protected.  The network can also schedule UL transmissions according to the subframe priorities in implementation.
Approach 1: When a SRS transmission is in collision with other transmissions, transmission priorities and dropping rules could refer to the following rule:
· The aperiodic SRS transmission may only be of lower priority than PRACH/ACK/NACK transmissions, 
· The priority of periodic SRS transmission may depend on the configured periodicity,
· Subframe sets with different priorities can be configured to protect pre-configured UL transmissions.
In approach 2, one can utilize some forms of shortened PUCCH/PUSCH formats to handle a collision of SRS transmission on a different carrier. Existing shortened PUCCH/PUSCH formats and partial PUSCH (proposed in eLAA) should be reuse when applicable, and new PUSCH scheduling resource allocation and mapping according to new PRB with muted symbols due to switching (as shown in Fig. 1) can be considered. As a result, both the shortened PUCCH/PUSCH transmission in switching-from carrier and SRS transmission in switched-to carrier could be maintained. In the UL scheduling of UE at switching-from carrier, additional signaling may be required to indicate the new format of UL PUSCH to match with usable symbols, e.g., with starting and ending positions of muted (or used) symbols indicated to UE. Note that shortened PUCCH format may be especially useful. For example, if the first symbol of a UL subframe is affected due to SRS switching in the previous subframe, then the existing shortened PUCCH format may be largely reused and the PUCCH can still be transmitted. 
[image: image1.png]cco
(Switching-
from carrior)

cct
(Switched-to
carrier)

J puscHbetoreswiching [ wutodparn  []  srs B rosonstorsutening




Fig. 1 An example of a switching-from carrier and switched-to carrier with shortened PUSCH at switching-from carrier
Approach 2: A shortened PUSCH/PUCCH format is used to handle collision.
In approach 3, change HARQ timing or aperiodic SRS transmission timing could be considered. Suppose SRS trigger is sent in a DCI in subframe n. If there is also a DL grant in subframe n, then both ACK/NACK of the PDSCH and SRS may need to be transmitted in subframe n+k, which may cause a collision. If there is a UL grant in subframe n, then the UL transmission may also occur in subframe n+k, leading to another collision. Hence, it could be considered to change ACK/NACK timing to be in a later subframe. Alternatively, the SRS may be sent after n+k in the first subframe with SRS switching allowed (e.g., a special subframe), where there is no collision.
Approach 3: Change aperiodic SRS transmission timing or HARQ timing.
3 Conclusions

SRS transmission with carrier based switching on a CC may cause collisions with transmissions on other CCs due to limited UL CA capability. In this contribution, potential options are identified to reduce possible collisions and to define collision-handling rules. 
Proposal: The following approaches are supported for handling collision due to SRS switching:
1. When a SRS switching leads to collision with other transmissions, transmission priorities and dropping rules could refer to the following:
· The aperiodic SRS transmission may only be of lower priority than PRACH/ACK/NACK transmissions, 
· The priority of periodic SRS transmission may depend on the configured periodicity,
· Subframe sets with different priorities can be configured to protect pre-configured UL transmissions.
2.  A shortened PUSCH/PUCCH format is used to handle collision.
3.  Change aperiodic SRS transmission timing or HARQ timing.
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