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1. Introduction
Aperiodic SRS transmission is an important feature for both FDD and TDD system. In RAN1 #62 meeting, it’s agreed that a UE should commence aperiodic SRS transmission in subframe n+k (k(4) upon detection of a positive SRS request in subframe n. In FDD system, as at most one OFDM symbol is available for SRS transmission in each subframe, the agreement on timing can be well established. However, for special subframe in TDD system, there may be multiple usable SRS symbols in UpPTS, and the UE sounding procedure in this case should be independently studied as in R8. 
2. Discussion
2.1. SRS transmission in UpPTS in R8
Sounding in UpPTS was also an issue for periodic SRS in R8. As described in section 8.2 in [1], the conception of 
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is introduced for TDD system and each SRS symbol in UpPTS is treated as an independent transmission chance (
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), while subframe based timing is still maintained for FDD system. Only the subframes satisfying 
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are SRS transmission instances, where for FDD 
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 is the subframe index within the frame and for TDD 
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 is defined in Table 1. The SRS transmission instances for TDD with 
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. Though introducing additional specification effort, the SRS resource in UpPTS can be efficiently exploited by this mechanism.
Table.1. Mapping from subframe index to 
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 in case UpPTS length of 2 symbols
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2.2. Aperiodic SRS transmission in UpPTS in R10
In R10, it is straightforward to reuse the mechanism in R8 for periodic SRS transmission in UpPTS. But for aperiodic SRS, it seems that UE-specific SRS subframe configuration, including SRS periodicity and SRS subframe offset, is no longer necessary. A UE is more likely to transmit aperiodic SRS in the nearest cell-specific SRS subframe(s) in k(k(4) subframes after detection of a positive SRS request in PDCCH. The uncertain timing imposes more complexity on specification for aperiodic SRS transmission in UpPTS than that for periodic SRS. In this section, we discuss some alternative solutions for this issue in TDD system.
Alternative 1: The special subframe is treated as a normal subframe for timing
In alternative 1, the UE will transmit aperiodic SRS in the nearest SRS subframe(s) in 4 subframes after triggering, even when the subframe is a special subframe. The timing is coincident with that in FDD system, except that additional signaling may be needed to indicate which symbol(s) to transmit SRS in case of multiple symbols present in UpPTS, if aperiodic SRS is triggered in special subframe. 
Alt.1-1 predefined symbol for sounding

One predefined symbol in UpPTS can be fixed for aperiodic SRS transmission. To exploit the SRS resource more effectively, different symbols in UpPTS can be assigned to different UEs. The symbol assigned to a UE can be tied with some UE-specific system parameter, for example, the RNTI of the UE. Concretely, the sounding symbol for one UE can be simply obtained as: 
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is the RNTI of the UE.
Hence, the number of UEs assigned in each symbol is nearly equal, by which the scheduling of aperiodic sounding can be more efficient. 
Alt.1-2 all the symbol(s) in UpPTS for sounding
UE can also transmit SRS in all the symbol(s) in UpPTS by one trigger. Similar to some type of multi-shot SRS, more accurate estimation and larger sounding BWs can be obtained if hopping between symbols is also allowed. However, the efficiency of aperiodic SRS will be reduced due to more SRS resource for one-shot. Especially if multi-shot SRS is also agreed, the scheduling will be very complicated.
Alt.1-3 explicit signaling via higher layer signaling

One bit can be configured via higher layer signaling to indicate the symbol index for each UE together with other parameters for aperiodic SRS. Full scheduling flexibility can be obtained via explicit signaling since BS can efficiently allocate the SRS resource for each UE. Nevertheless, the bit is meaningless for FDD unless it is defined for some other function.
Alt.1-4 implicit signaling via SRS parameters
The information of sounding symbol index can be implicitly indicated via other SRS parameters, in which case no any signaling overhead is needed. The parameters for aperiodic SRS, including cycle shift, comb or frequency position, may be considered for indication.
1) Cyclic shift. For example, the first 4 CSs can be tied to the first symbol while the last 4 CSs to the Nth symbol, where N is the number of symbols in UpPTS. In case that only the CS of the first port is indicated via higher layer, and maximal CS offset is predefined for the other ports, implicit signaling of symbol index would not affect the indication of cyclic shift. For example, for a UE with two SRS ports, the indication of CS=0 and CS=4 is equivalent, and then different symbols can be signaled via these two CSs.
2) Comb. Two different combs can be mapped to different symbol index. However, considering only half of resource is usable in one symbol in this case, the indication is not flexible enough.
3) Frequency position. Compared to comb, the frequency-domain starting position is more flexible, and piling up of many UEs in one symbol or in the same comb can be avoided. For example, odd and even values of starting position are mapped to different symbol indexes. 
Among the above parameters, cycle shifting is preferred for implicit signaling of symbol index, from the perspective of more scheduling flexibility and less SRS collision.
Alternative 2: Each SRS symbol in UpPTS is treated as independent SRS transmission  
The timing mechanism for periodic SRS transmission in UpPTS can be extended to aperiodic SRS, in which case each SRS symbol in UpPTS is equivalent as a SRS symbol in individual normal subframe during timing. Current agreements on aperiodic SRS, including different timing schemes from periodic timing, should be considered for the timing design. For example, aperiodic SRS will share the same cell-specific SRS resource with periodic SRS. In case of one-shot SRS, the timing can be operated as follows.
1) First, the subframes index n can also be mapped to 
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 for timing of aperiodic SRS. In FDD system, 
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 is directly the subframe index, while in TDD system, for simplicity of standardization, the mapping table in R8 as in Table.1 can be reused.
2) Then the timing can be performed in the principle that a UE should transmit aperiodic SRS in 
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 of n+k (k(4) with a trigger in subframe n, where the subframe for 
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 should be a cell-specific SRS subframe.
Similar description and formula as periodic SRS can be used for specification here. For instance:

 if UE detects a positive SRS request in subframe 
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are cell specific SRS configuration period and SRS subframe offset given in Section 5.5.3.3  of [2].
Though the timing principle of “n+4 subframe” can’t be strictly maintained in TDD system, this mechanism can provide enough time for UE processing by always satisfying k(4 and simultaneously satisfying the nearest SRS subframe with k(4 in most cases. Especially in case that multi-shot SRS is allowed, more resource and less delay can be very beneficial for multi-shot SRS.
Comparison of Alternative 1 and Alternative 2
We summarize the pros and cons of above schemes in the following table.
Table.2 Comparison of different alternatives
	Schemes
	Pros
	Cons

	Alt. 1-1
	· Simplicity in standardization with the same timing mechanism for FDD and TDD.
· The SRS resource in UpPTS can be fully and equally exploited by UEs.
· No additional signaling overhead.
	· Loss of scheduling flexibility.

	Alt. 1-2
	· Simplicity in standardization with the same timing mechanism for FDD and TDD.
· Channel estimation gain
· Wider sounding BW.
· No additional signaling overhead.
	· Lower efficiency of aperiodic SRS
· Higher scheduling complexity if associated with multi-shot SRS

	Alt. 1-3
	· Simplicity in standardization with the same timing mechanism for FDD and TDD.
· Flexible scheduling for aperiodic SRS.
	· Additional signaling overhead
· Useless signaling for FDD system

	Alt. 1-4
	· Simplicity in standardization with the same timing mechanism for FDD and TDD.
· No additional signaling overhead
· Higher scheduling flexibility except that simultaneous sounding in two symbols is not allowed
	· Loss of backward compatibility with mechanism in R8
· Higher scheduling complexity according to configuration of the multiplexed SRS parameter

	Alt. 2
	· Backward compatibility with R8
· Highest scheduling flexibility.
· Lower scheduling complexity.
· Well-suited with multi-shot SRS
	· More specification effort with different considerations for FDD and TDD


In total, considering SRS efficiency, scheduling flexibility, specification effort and signaling overhead, Alt.1-4 and Alt.2 are more attractive. However, as parameters configuration of aperiodic SRS is still FFS, it is not sure whether there is parameter appropriate for implicit signaling of symbol index. Hence, Alt.2 seems more robust especially combined with multi-shot SRS.
3. Summary
Aperiodic SRS transmission in UpPTS is discussed in this contribution, and we provide some solutions for UE sounding procedure in case of multiple symbols in UpPTS. For the special scenarios in TDD system, the following two schemes can be considered.
Scheme 1: The same timing mechanism for TDD and FDD, and implicit signaling of symbol index in UpPTS can be indicated via UE-specific parameters configuration for aperiodic SRS (e.g. CSI).
Scheme 2: Each SRS symbol in UpPTS is treated as an independent transmission chance 
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 during timing, similar to the scheme for periodic SRS transmission in R8.
The second scheme is preferred due to robustness and backward compatibility, especially in case that multi-shot SRS is allowed, or there is trouble for multiplexing symbol indication and SRS parameters.
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