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In RAN1 #84bis, a set of agreements regarding SRS carrier based switching were reached, and an LS was sent to RAN4 to inquire RF retuning time and interruption time due to SRS carrier based switching. In this contribution, SRS subframe design for SRS carrier based switching is discussed.
SRS subframe design for SRS carrier based switching
SRS switching may require possible new symbol positions for SRS, as pointed out in the conclusions in RAN1 #84bis, and hence, new SRS subframe design may be needed. Nevertheless, the main principles for SRS subframe design need to be agreed upon, and key factors impacting SRS subframe design need to be identified. Finally, some design options are provided.
Principles for SRS subframe design
To ensure efficient operations in the network and efficient SRS switching, some principles should be taken into consideration for SRS subframe design.
· Reducing the number of interrupted symbols and subframes
A key principle for SRS subframe design is to reduce the number of interrupted symbols and subframes due to SRS switching. This is in line with the design guideline agreed in RAN1 #84bis: 
	“Strive to reduce negative impacts on other transmissions and reception, especially UCI.”
Though interruptions are inevitable, restricting interruptions to as few symbols and subframes as possible should be considered. For example, suppose that RF retuning takes 2 symbol durations to switch from CC1 to CC2 and 2 symbol durations to switch back to CC2. For one design the switching operations may result in interrupting symbols in 2 consecutive subframes, whereas for another design all interrupted symbols may be accommodated in 1 subframe. In order to minimize the impact to scheduled transmissions, the latter is preferred. Additionally, if SRS transmission on multiple CCs is needed, reducing the number of switching operations and properly combining multiple switching operations can help reduce interruptions. 
· Reducing collisions
SRS subframe design should strive for reduced collisions. Though collisions can be handled by various collision handling mechanisms [1], it is desirable to consider a design that can reduce collisions rather than relying on being remedied by collision handling. One example of collisions can be caused by performing SRS transmission at the last symbol of a subframe while the UE needs to transmit or receive signal from the beginning of the next subframe. If the SRS symbol position design considers SRS switching time, then such collisions may be eliminated. Another example can be caused by the difference in timing advances (TAs) in different TA groups (TAGs), which may be eliminated if the SRS symbol position design considers the maximum potential TA differences.
· Reducing overhead
Each SRS switching imposes a certain overhead, and frequent switching back and forth can lead to high overhead; here the overhead may include signalling overhead, UE operation overhead, interruptions, etc.  It is preferred to reduce the overhead due to switching. For example, one signalling to trigger more than one SRS switching or SRS transmissions can be considered for signalling overhead reduction, and hence the SRS subframe may allow multiple SRS switchings and transmissions.
· Covering all scenarios
The SRS subframe design should address all scenarios, e.g., switching from a TDD carrier to another TDD carrier, switching from a FDD carrier to a TDD carrier, TDD configurations with mostly downlink or mostly uplink, TDD special subframes with long or short GP, etc.
Proposal 1: SRS subframe design for SRS carrier based switching should consider the following principles:
· Reducing the number of interrupted symbols and subframes
· Reducing collisions
· Reducing overhead
· Covering all scenarios
Key factors impacting SRS subframe design
The following key factors may significantly impact SRS subframe design: UE switching operation and TA. They may be jointly considered and the duration accounting for both is called a switching gap.
The switching gap affects the SRS subframe. For example, if the switching gap is longer than the GP of a special subframe configuration, then it may not be possible to use the first symbol of the UpPTS for SRS transmission. If the switching gap takes up to 2 symbol durations to complete, then the SRS transmission on CC2 has to be completed at least 2 symbols before the next subframe starts in order for the UE to switch back to CC1, otherwise CC1’s next subframe may be affected. RAN4 LS response on RF retuning time and interruptions should be a basis for SRS subframe design.
Proposal 2: SRS subframe design for SRS carrier based switching should consider SRS switching gap.
Design of SRS subframe
Some SRS subframe design options are outlined below.
· Allow more symbol positions for SRS transmissions on a switching-to carrier
To avoid affecting any potential transmissions/receptions on the next subframe, SRS on a switching-to carrier can be transmitted on a symbol previously not assigned to SRS. In fact, as long as the switching-to carrier has no transmissions/receptions occupying a symbol in the subframe, that symbol can be potentially considered for SRS transmissions on the carrier. 
Therefore, if RF retuning and TA difference lead to 2 symbol gap for SRS switching, then at least symbols 2 ~ 11 should be potentially considered for SRS transmissions in a UL subframe on a switching-to carrier. Similarly, all but the last 2 symbols in UpPTS (including additional SC-FDMA symbols for UpPTS if configured) of a special subframe, and symbols 4~11 in a DL MBSFN subframe can be considered for SRS transmissions on a switching-to carrier. If more symbols in the subframe can be allowed for SRS transmission on a switching-to carrier, it increases the SRS transmission opportunities in a subframe and hence it is more likely to reduce the number of interrupted subframes due to SRS switching. 
· Define one subframe with possibly multiple SRS switching operations and SRS transmissions 
To help reduce overhead due to SRS switching, it may be preferred to carrier out multiple SRS switchings and SRS transmissions of a UE consecutively within one subframe. This is made possible by allowing more SRS symbols on a switching-to carrier. 
To see this, assume the switching gap is 2 symbol durations, and CC1 supports PUSCH but CC2/CC3/CC4 do not. The following figure shows an example of multiple SRS switchings and transmission, all done within one subframe, in which each operation takes 2 symbol durations. Note that on a switching-to carrier, more than one SRS transmissions can occur (e.g., for different antenna ports). In contrast, if switching operations are configured or indicated separately and performed separately, then multiple subframes would need to be used for SRS switching, leading to higher overhead.
[image: ]
Figure 1 An example of multiple SRS switching operations and SRS transmissions in one subframe
To avoid interference between SRS and other signals, the SRS time/frequency resources may not overlap with any other transmissions.
· Scenarios for different switching subframes
· Switching-to carrier subframe
· Special subframe
If the switching-to carrier subframe is a special subframe, all UpPTS symbols may be used for SRS transmission (subject to switching gaps). However, there are special subframe configurations with only 1 symbol UpPTS and not allowing additional symbols to be used for UpPTS (e.g., special subframe configuration 4 with 12 symbol DwPTS); in this case the special subframe may not be suitable as a switching-to carrier subframe, and therefore the next two scenarios listed below need to be considered.
· UL subframe
If the switching-to carrier subframe is a UL subframe, all symbols may be used for SRS transmission (subject to switching gaps). PUCCH (including the shortened PUCCH format) or PUSCH on the carrier may not be transmitted in any resources used for SRS in this subframe by any UE in the cell.
· DL subframe
If the switching-to carrier subframe is a DL subframe, it needs to be a MBSFN subframe, and no PDSCH shall be scheduled. All symbols except for those used for PDCCH and switching gap may be used for SRS transmission. The use of DL subframes for SRS transmissions may help avoid reducing UL resources and may help reduce collision with PUCCH. 
· Switching-from carrier subframe
· Special subframe
If the switching-from carrier subframe is a special subframe, the UE can start switching away immediately after DwPTS. In case the GP is sufficient long, the UE may switch back to this carrier for the next subframe or for one or more SRS transmissions on this carrier in UpPTS. However, if the DwPTS is long, this subframe is not suitable to be a switching-from subframe.
· UL subframe
If a UL subframe is not scheduled with any UL transmission by a UE, then this subframe can be a switching-from subframe for the UE. The switching away can start immediately after the previous subframe or after SRS on this carrier is transmitted. After the UE switches back to this carrier, if there is one or more symbol left in this subframe, one or more SRS transmissions may be performed. 
· DL subframe
If a DL subframe is a MBSFN subframe and not scheduled with any PDSCH, then this subframe can be a switching-from subframe. Immediately after the PDCCH region, the UE can start to switch away from this carrier.
· It seems the above listed switching scenarios need to be considered. Further down selection can be FFS.
Proposal 3: Allow more symbol positions for SRS transmissions on a switching-to carrier in the SRS subframe.
Proposal 4: SRS subframe may consider the following design:
· Allow possibly multiple SRS switching operations and SRS transmissions in the SRS subframe
· The SRS subframe may be a special subframe, UL subframe, or DL subframe on the switching-from carrier and the switching-to carrier.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, SRS subframe design for SRS carrier based switching is discussed. We have the following proposals:
Proposal 1: SRS subframe design for SRS carrier based switching should consider the following principles:
· Reducing the number of interrupted symbols and subframes
· Reducing collisions
· Reducing overhead
· Covering all scenarios
Proposal 2: SRS subframe design for SRS carrier based switching should consider SRS switching gap.
Proposal 3: Allow more symbol positions for SRS transmissions on a switching-to carrier in the SRS subframe.
Proposal 4: SRS subframe may consider the following design:
· Allow possibly multiple SRS switching operations and SRS transmissions in the SRS subframe
· The SRS subframe may be a special subframe, UL subframe, or DL subframe on the switching-from carrier and the switching-to carrier.
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