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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, timing advance for SRS transmission on TDD component carriers (CCs) without PUSCH is discussed.
Options for timing advance for SRS on TDD CCs without PUSCH
A UE may have more TDD CCs with PDSCH than TDD CCs with PUSCH. With proper network configurations and indications, UE can perform switching to any TDD CC and transmit SRS on that CC. One problem that needs to be resolved is the timing advance (TA) of the transmission, as the UE may not have acquired the TA on the CC. 
There are two main cases to be considered: 
1) If the CC belongs to a TAG with a valid acquired TA on another CC of that TAG, the TA may be used as already defined in the standards.
2) If the CC belongs to a TAG with no valid acquired TA on any CC of that TAG, there are again two cases:
a) At least one CC in the TAG supports PUSCH. In this case, the reason that the TAG does not have a valid acquired TA may be that there is no RACH or TA update for an extended period of time. Then RACH on the CC with PUSCH can be used to acquire the TA, or current TA update mechanism can be used on that CC. The network should ensure that before SRS switching to a CC without PUSCH in the TAG, a valid TA is available for the TAG. No standards impact is needed.
b) No CC in the TAG supports PUSCH. This is the main focus of this contribution. There are a few options:
i) Option 1: Introduce RACH on one of the CCs in the TAG. 
This requires standards changes including the following. First, the standards should allow a UE to be configured with RACH on more CCs than its UL CA capability, but on those CCs, no PUSCH is configured. Pre-configuration of the transmission resource/preamble code group of new RACH, and employing the PDCCH on the switching-from carrier to trigger the transmission of preamble code in these pre-configured resources on the switched-to carrier could be considered. Second, collision between RACH on a PUSCH-less CC and other UL transmission on another CC may occur if these UL transmissions exceed the UE UL capability, and hence collision handling for the newly introduced RACH needs to be provided. Third, this RACH should be non-contention based and may be optimized for the only purpose of acquiring TA on a PUSCH-less carrier. Fourth, considering carrier switching time of possibly a couple of symbol durations, the shortened RACH preamble format 4 should be used.
To reduce DCI overhead, the TA could be simplified as a relative value compared with the current TA value of switching-from carrier. Additionally, the power adjustment offset could be included in the random access response for SRS power control on the switching-to carrier. The random access response could be via message 2 or a newly defined MAC CE. 
ii) Option 2: UE estimates TA. 
UE can estimate TA for TAG2 based on TA for TAG1 (associated with the propagation delay between the UE and cells in TAG1) and DL arrival timing difference between TAG1 and TAG2 (associated with the propagation delay difference to cells in TAG1 and to cells in TAG2). The time synchronization error between TAG1 and TAG2 will lead to some error to the TA estimate for TAG2, but for a network with TDD cells serving the same UE, the time synchronization error is small (< +/- 1.5 us, and is even smaller for networks support MIMO,  CoMP, etc.).
The UE then transmits SRS after switching to the CC with the estimated TA, say, on symbol n. However, due to estimation error in TA, the SRS may partially overlap with the symbol before it (symbol n-1) and after it (symbol n+1). There are again a few cases:
a. If the eNB does not schedule any other UE on the CC except for possibly SRS, then the overlap will not impact any PUSCH/PUCCH, since as discussed in [1], the SRS symbol position may lie in the middle of the SRS subframe. 
b. If the eNB schedules another UE for SRS transmission on symbol n-1 or n+1, the SRS transmissions from the UEs will partially overlap in time, but both SRS transmissions can be detected by the eNB since the SRS is repeated (i.e., redundant) in time domain associated with the comb structure in frequency domain. The overlap may nevertheless cause some degradation of received SRS, so it is up to the eNB to determine if SRS from another UE may be scheduled or not.
c. If the eNB schedules another UE for SRS transmission on symbol n, the SRS transmissions from the UEs should have cyclic shifts far from each other, such as one uses cyclic shift 0 and the other uses cyclic shift 4.
To summarize this option, UE can estimates TA and transmit SRS on a switching-to CC. Proper eNB implementations can ensure the SRS to be detected, and UE behavior of estimating the TA may need to be introduced in the standards.
iii) Option 3: UE estimates TA and applies extra guard times. 
This is similar to Option 2, but the UE leaves some gaps as guard times for the SRS transmission, so that even with some TA estimation error, the SRS would not overlap with the symbol before it or after it. Therefore, there will be any issue if the symbol before or after the SRS transmission is scheduled for other transmissions. To do so, the effective SRS transmission in timing domain is shortened, or 2 symbols are combined for one SRS transmission in the middle of the 2 symbols. This option requires some standards changes.
Finally, an implementation possibility may be considered for a synchronous network with aggregated carriers not very far (in terms of spatial distance, say, at most a few hundred meters) from each other. For such a network, the difference in TAs for non-collocated carriers should be small (at most a few microseconds), and hence all the carriers may be grouped into one TAG. This may cause some small timing errors for SRS, but as described above, such small timing errors should not cause issues to SRS reception.
To summarize above discussions, we note that each option has its own pros and cons and is associated with different levels of standards impacts. We have the following proposal:
Proposal: For the TA for SRS transmission on a CC within a TAG without PUSCH in the TAG, consider the following options:
· Introduce non-contention based RACH on a CC within the TAG;
· UE estimates TA; 
· UE estimates TA and applies extra guard times before and after the SRS transmission; and
· Include the CC into a TAG with available TA if the resulting TA error is small enough (implementation).
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In this contribution, timing advance for SRS on TDD CCs without PUSCH is discussed. We have the following proposal:
Proposal: For the TA for SRS transmission on a CC within a TAG without PUSCH in the TAG, consider the following options:
· Introduce non-contention based RACH on a CC within the TAG;
· UE estimates TA; 
· UE estimates TA and applies extra guard times before and after the SRS transmission; and
· Include the CC into a TAG with available TA if the resulting TA error is small enough (implementation).
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