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1. Introduction
Aperiodic SRS transmission is an important feature in Rel-10. The details of aperiodic SRS had been discussed for several meetings in RAN1. One-shot SRS triggered by UL grant is supported in Rel-10. New timing mechanism should also be introduced for this type of SRS. In RAN1 #63 meeting, it’s agreed on the timing of aperiodic SRS that: 
· When dynamic aperiodic SRS trigger is detected in subframe n, the UE shall transmit an aperiodic SRS in the first UE-specific A-SRS subframe n’ satisfying n’(n+4 and n’ satisfying kSRS ( n+4 for TDD (kSRS is derived from n’, as defined in 36.213) 
· As in Rel-8, UE-specific A-SRS subframe is determined by periodicity and offset

· UE-specific A-SRS subframes is a subset of cell-specific subframes 

· The values for periodicity and offset are defined as in Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213.

· FFS whether all or a subset of the table is used
During the email discussion after RAN1#63 meeting, it seemed that there were different interpretations on the agreement especially for timing in TDD system. In this contribution, we clarify this issue by detailed analysis on the SRS timing mechanism in Rel-10.
2. Discussion
2.1. Timing for periodic SRS in Rel-8
In Rel-8, as described in section 8.2 in [1], the conception of SRS transmission resource so-called 
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is introduced for periodic SRS timing. In FDD system, each subframe is treated as one resource, while in TDD system, considering there may be two SRS symbols in UpPTS and no SRS symbol in downlink subframe, the mapping from subframe index to SRS resource index is defined in Table 1. The resource to transmit periodic SRS is obtained according to UE-specific SRS periodicity and SRS transmission resource based on 
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. Though introducing additional specification effort with 
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, the SRS resources in TDD system can be efficiently utilized by this mechanism.
Table.1. Mapping from subframe index to 
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2.2. Aperiodic SRS timing in R10
In Rel-10, it is straightforward to reuse the mechanism in R8 for periodic SRS transmission. For aperiodic SRS, it had been agreed that similar UE-specific SRS subframe resources as periodic SRS will be introduced by independent higher layer configuration. Then the timing formula for periodic SRS can be reused to make sure that aperiodic SRS will also be transmitted in the configured SRS resource. However, since only one-shot SRS is supported, additional timing mechanism should be introduced to further obtain single resource for aperiodic SRS. 
In current specification, SRS timing based on subframe index as described in [1] is adopted. Aperiodic SRS will be transmitted in the first subframe satisfying n+k, k(4, and satisfying the UE-specific SRS resource. However, as mentioned in [2], this timing mechanism will lead to the problem of ambiguous SRS resource when there are two SRS symbols in UpPTS configured for aperiodic SRS transmission. For this issue, two solutions were proposed in the last meeting:
Soluton1: Reusing SRS timing based on 
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similar to that in Rel-8.
By this solution, aperiodic SRS will be transmitted in the first subframe satisfying 
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, and also satisfying the UE-specific SRS resource, for both TDD and FDD. This mechanism can be simply derived from the agreement for SRS timing in RAN1#63 meeting. On one hand, it can keep consistent with the formulas based on 
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in Rel-8, which are used for timing in UE-specific SRS resource. On the other hand, both of the symbols in UpPTS can be configured for SRS transmission, and which symbol will be used to transmit SRS can be flexibly scheduled by eNB via different triggering positions. 
For instance, for a UE with SRS configuration index = 0(
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=5, 
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=[0,1]) and with two SRS symbols in UpPTS, if it is triggered in subframe index n=3/4/5, then the aperiodic SRS will be transmitted in the first SRS symbol in UpPTS with kSRS=0 in the next frame. If triggered in subframe 7 (only for 10ms U-D-configuration), the aperiodic SRS will be timed to the second SRS symbol in UpPTS with kSRS=1. In case there are SRS triggers in both subframes, UE will continuously transmit SRS in both SRS symbols, similar to some type of multi-shot SRS. However, the resource with kSRS=6 can never be scheduled for aperiodic SRS with this configuration considering subframe 2 is always an UL subframe.
Soluton2: Higher layer signaling to indicate one of the symbols in UpPTS for aperiodic SRS.
As claimed in [3], this solution is simpler in description and interpretation than solution 1. Nevertheless, the following observations should also be noticed:
1) This solution doesn’t match the spirit of the agreement for SRS timing in RAN1#63 meeting. It was agreed that n’ satisfying kSRS ( n+4 (kSRS is derived from n’) instead of n’( n+4 should be the subframe for SRS transmission in TDD. Here, kSRS can’t be replaced by n’ because they have different meanings for TDD as shown in Table.1, but for FDD, n’ can be directly replaced by kSRS since they are the same for a UE.
2) With solution 1, all the formulas for timing are based on kSRS with the same meaning of kSRS. With Solution 2 which uses  subframe based timing for delay between triggering and actual commence of SRS (k(4), the timing mechanism will be more complicated since separate kSRS based timing will be used for UE-specific SRS resource simultaneously.
3) Solution 2 will lead to additional signaling overhead and low efficiency of SRS resources in some cases. If cell specific signaling is introduced to indicate the symbol for aperiodic SRS in UpPTS, the other symbol will always remain unused. Even when UE-specific signaling is adopted to assign the symbol for each UE, the SRS efficiency will also be degraded with only half of the configured resources. 
To reduce the signaling overhead for SRS timing, the symbol for aperiodic SRS can also be implicitly indicated via other parameters. For example, the CS index or Frequency-domain-position can be a good choice as mentioned in [4].
To summarize, solution 1 is more flexible, backward compatible and more accurate in expression compared to solution 2. The agreement in RAN1#63 meeting for SRS timing should be kept unless there is significant problem. Hence, solution 1 is preferred for aperiodic SRS timing in both FDD and TDD systems.
3. Summary
In this contribution, we discussed the timing mechanism of aperiodic SRS in Rel-10 putting emphasis on SRS timing in TDD system. According to the above analysis, 
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based timing instead of subframe based timing is more appropriate for timing of aperiodic SRS. The current CR can be modified according to the suggestion in the appendix below to follow the current agreement and also avoid the ambiguous conditions.
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5. Annex: Text Proposal for SRS transmission in TS 36.213[1]
----------------------------------------------         Start of Text Proposal        ---------------------------------------

8.2 UE sounding procedure
Type 0 triggered SRS transmission instances in a given serving cell for TDD with 
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 is defined in Table 8.2-3. The SRS transmission instances for TDD with 
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A UE configured for type 1 triggered SRS transmission on serving cell c upon detection of a positive SRS request in subframe n within frame 
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of serving cell c shall commence SRS transmission in the first subframe satisfying 
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 for TDD with 
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----------------------------------------------         End of Text Proposal        ------------------------------------------
Appendix:
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