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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #85, a set of agreements regarding SRS carrier based switching were reached, and an LS reply R4-164974 was sent from RAN4 to RAN1 to address RF retuning time and interruption time due to SRS carrier based switching. In this contribution, SRS symbol positions for SRS switching are discussed. For convenience, the relevant agreements in RAN1/4 are captured below.
· As defined in Rel-13, for SRS carrier based switching, the SRS transmission opportunities include:
· In at least one symbol out of up to 6 symbols in a special subframe 
· In the last symbol of a UL subframe 
· Note: from UE perspective, there may be impact on SRS transmission opportunities due to switching time depending on RAN4 input
· FFS whether or not to further allow more symbol positions for SRS transmissions on a switching-to carrier in special subframes, UL subframes and/or after the control region in MBSFN subframes
· Given that the RF switching time may have some dependency on the CA scenarios and UE implementation, RAN4 agrees that the RF switching time can be defined in the following values:
· [<100] us 
· [100] us
· 200 us
· 300 us
· 500 us
· 900 us 
Any values equal to or larger than 1ms are not considered because it may negate the potential gains of enabling SRS switching in the first place. Note that this RF switching time does not include UL transmit timing difference between two TAGs, which is up to 32.47us, or any channel access delay caused by LBT in the case of LAA operation.
The impact of the switching time
The switching time affects the SRS subframe, from efficiency point of view and feasibility (in terms of currently supported SRS symbol positions) point of view.
For example, if the switching time (e.g., 900 us) is longer than the duration of GP and UpPTS of a special subframe configuration, then it may not be possible to use any symbol of the UpPTS for SRS transmission. 
For another example, in the case that a UE switches from CC1 to CC2 for SRS transmission on the last symbol of a UL subframe, and if the switching time takes a non-zero time to complete, then when the UE switches back to CC1, CC1’s next subframe will be impacted. If it is desirable to reduce the number of subframes impacted by SRS switching, SRS transmission opportunities supported by current UL subframes are insufficient.
For yet another example, if the switching time is long, such as 500 us or more, then the switching-back action on a special subframe will also impact the next subframe, even if the SRS transmission is on the first symbol of UpPTS. 
To summarize, one can see that if all RF switching time values are supported in the standards, then the current SRS symbol positions in special subframes or UL subframes are insufficient.
Proposal 1: Decide between the following alternative choices:
· Choice 1: Add more SRS transmission opportunities; OR
· Choice 2: Support not all RF switching times provided by RAN4.
If Choice 2 is decided, then some longer RF switching times provided by RAN4, e.g., 500 us, 900 us, will not be supported at least in Rel-14, though future releases may provide support for them. 
Alternatively, if Choice 1 is decided, RAN1 needs to standardize new SRS transmission opportunities in addition to the up to 6 symbols in UpPTS and the last symbol in UL subfarme. The rest of the contribution provides more details for this choice.
New SRS symbol positions
If Choice 1 is agreed by RAN1, then the following may be considered.
· 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 to 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 time 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.
· Allocate multiple subframes for SRS switching
With Choice 1, all SRS switching times need to be supported. Inevitably, SRS switching operation will span more than one subframe, especially for the cases with long switching times. For efficiency, it is preferred to allocate multiple consective subframes for SRS switching. For example, one complete SRS switching operation (from switching from CC1 till switching back to CC1) can contain a special subframe, the next UL subframe, and possibly even one more subframe. The UE can perform multiple SRS transmissions on one or more TDD CCs in these subframes. Note that those TDD CCs may lie within one band and there may be no switching time between the SRS transmissions on those TDD CCs.
· 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 times), and even more symbols may be considered for SRS transmission. 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 times). 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 time may be used for SRS transmission. The use of DL subframes for SRS transmissions may help to avoid reducing UL resources and may help to 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 2: If Choice 1 is agreed:
· Add new SRS symbol positions in a special subframe, UL subframe, or DL subframe; and
· Allow possibly multiple SRS transmissions on one or more switching-to carriers in one or several consecutive subframes.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, SRS transmission symbol positions for SRS carrier based switching is discussed. We have the following proposals:
Proposal 1: Decide between the following alternative choices:
· Choice 1: Add more SRS transmission opportunities; OR
· Choice 2: Support not all RF switching times provided by RAN4.
Proposal 2: If Choice 1 is agreed:
· Add new SRS symbol positions in a special subframe, UL subframe, or DL subframe; and
· Allow possibly multiple SRS transmissions on one or more switching-to carriers in one or several consecutive subframes.
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