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1. Introduction

In RAN1 #63, the remaining issues on the detail of dynamic aperiodic SRS (A-SRS) were discussed and so many agreements have been reached [1]. On the other hand, it was discussed how to handle the collision between PUSCH/PUCCH/SRS as in [2] and so many issues are still remained. Based on the agreement, the following should be discussed: 

1. Collision between SRS and PUSCH, inter CC
2. Collision between SRS and PUCCH 
3. Collision between SRS and SRS
In this contribution, we share our views how to treat the collision between UL channels/signals considering the introduction of A-SRS.
2. Discussions 

2.1. Collision between SRS and PUSCH, inter CC

According to the agreement in RAN1#63, we still have two alternatives on this issue:
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It should be clarified whether there are any benefits to use a different configuration for cell-specific SRS subframes (although independent configuration of cell-specific SRS subframe per CC is possible) because one important discussion is how often SRSs are dropped when Alt-1-a is employed. In our view, we could not find any benefit in using different cell-specific SRS subframe configurations in any scenarios, and there might be less risk to employ Alt-1-a. Therefore, Alt-1-a would be the better choice for the simplicity.
Proposal:

· Alt-1-a is preferred to Alt-1-b
2.2. Collision between SRS and PUCCH, inter CC
As in [2], the following possibility for the collision between SRS and PUCCH in inter-CC case should be discussed.
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Considering the principle for collision between PUSCH and SRS, it is natural that the same principle is applied to PUCCH and SRS cases, since this simplifies the behavior. In addition, because PUCCH is more important than PUSCH or SRS, there is no necessity to support the simultaneous transmission of SRS and PUCCH. Therefore, we propose following:

Proposal:

· If SRS and PUCCH collide to each other in the same SC-FDMA symbol, SRS is always dropped irrespective of power limitation.
2.3. Collision between SRS and SRS
According to the discussion in RAN1#63, the simultaneous transmission with PUSCH and SRS is not supported in Rel-10, and this feature is treated as a UE capability. Furthermore, simultaneous SRS+SRS transmission might be a bottleneck because SRS is transmitted with the maximum bandwidth, which may require more transmission power than PUSCH. Given this, it is also natural that SRS+SRS transmission should follow this agreement. In addition, it is always possible to assign different subframes for SRS transmission, similar to CQI feedback. 
In the case where simultaneous transmission of SRS+SRS is supported by the UE capability, the behavior considering power limited or not should be considered. At least, the situation that power scaling is applied should be avoided as much as possible because the eNB cannot recognize how much power is reduced by UE and eNB must believe that SRS is transmitted with full transmission power. In addition, if eNB employs time-domain filtering to achieve more reliable sounding, the error shall propagate so many subframes. 
Moreover, it might be theoretically possible to transmit both P-SRS and A-SRS simultaneously within one CC if the frequency bandwidth position is not overwrapped. However, this may bring less benefit at the expense of RAN4 tasks, and should be avoided.

Taking the above discussions into account, we propose the following as a principle:
Proposal:

· Simultaneous SRS+SRS transmission for both intra and inter CC is not supported in Rel-10.

Based on the principle above, we further propose following, and the detailed situations for SRS+SRS collision are discussed in the subsections. 
Proposals:

· A-SRS should be prioritized over P-SRS, and then priority order depending on CC is applied
· If A-SRS and A-SRS collide to each other, 

· UE transmits A-SRS using the RRC configuration indicated by the latest received UL-grant with trigger.
2.3.1. P-SRS and P-SRS, inter CC

Although P-SRS for Pcell should be clearly prioritized over that for Scell(s), it is necessary to define the priority order for Scells. However, the existing designed for other purpose (e.g. UCI on PUSCH) should be reused for the simplicity.

2.3.2. P-SRS and A-SRS, intra and inter CC

When A-SRS is configured, eNB expects to schedule PUSCH using CSI measured by A-SRS, thus A-SRS is clearly more important than P-SRS. In addition, in the when P-SRS should be prioritized, “Not Triggered” for A-SRS is always available. Therefore, there is no reason to prioritize P-SRS over A-SRS. 
2.3.3. A-SRS and A-SRS, intra CC

In RAN1#63, it was agreed that three sets of RRC-configuration is supported for A-SRS triggered by DCI format 4. In addition to DCI format 4, trigger by DCI format 0 is also available. According to the current agreement, it is possible for eNB to change the trigger sets (including “Not Triggered”) during the trigger span (trigger span is defined in Figure 2. which means the subframe span of UL-grant reception to transmit A-SRS in subframe n’) and the UE behaviour should be clarified.
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Figure 2 Definition of “Trigger Span” and the explanation of multiple trigger within trigger span

Case 1: The RRC-configuration has been changed during the trigger span

This situation will happen when (A) ~ (C) in Figure 2 consist of following messages:

(A). DCI format 4, and the trigger state is “Triggered with RRC-configuration 0”
(B). DCI format 4, and the trigger state is “Triggered with RRC-configuration 1”
(C). DCI format 4, and the trigger state is “Triggered with RRC-configuration 2”
Recalling the motivation of the introduction of multiple RRC-configuration state for DCI format 4, it would be natural to assume that the same state is signalled during the trigger span because the purpose is collision avoidance between UEs. In other word, it is not necessary to change the state within the span. Furthermore, the same message should be transmitted during the trigger span to achieve the robustness for DTX, i.e. the UE may miss UL-grants. Therefore, no complicated specification would be necessary, and a simple mechanism to identify one trigger state is enough.
Case 2: Both “Triggered” and “Not Triggered” are detected during the trigger span

This situation will happen when (A) ~ (C) in Figure 2 consist of following messages:

(A). DCI format 4, and the trigger state is “Triggered with RRC-configuration 0”
(B). DCI format 4, and the trigger state is “Triggered with RRC-configuration 0”
(C). DCI format 4, and the trigger state is “Not Triggered”
One interpretation of this message would be “eNB changed its mind and A-SRS transmission is suspended”. However we cannot find any situations to suspend A-SRS transmission suddenly, thus it is not necessary to capture the functionality to suspend A-SRS transmission. It is noted that this must be the straightforward interpretation of the existing agreement in [1].
Case 3: DCI Format 0 and 4 with trigger are received during the trigger span

This situation will happen when (A) ~ (C) in Figure 2 consist of following messages:

(A). DCI format 4, and the trigger state is “Triggered with RRC-configuration 0”
(B). DCI format 4, and the trigger state is “Triggered with RRC-configuration 0”
(C). DCI format 0, and the trigger state is “Triggered with RRC-configuration 0”
The situation seems to be similar to Case 1 above. In our view, it is not necessary to trigger A-SRS by DCI format 0 during multiple antenna port transmission. In addition, DCI format 0 is used as a temporary fallback when the PUSCH transmission triggered by DCI format 4 is used. Therefore, this ambiguity issue would a rare case and eNB can set A-SRS trigger field in DCI format 4 to “Not Triggered”. Therefore, no spec support would be required to solve this issue.
Summarizing the analyses for three cases above, we couldn’t see the necessity to introduce complicated UE behaviors to handle the issues. Namely, the mechanism such as “a UE shall transmit A-SRS following the RRC configuration indicated by the latest trigger except “Not Triggered”, when the UE detects multiple A-SRS triggers within the trigger span” would be enough.
2.3.4. A-SRS + A-SRS, inter CC

As mentioned earlier, eNBs can dynamically control the priority by using “Not Triggered”, thus the collision handling is not so important for A-SRS case. And the existing priority order designed for other purpose should be reused for the simplicity.
3. Conclusion

In this contribution, we discussed the remaining issues on A-SRS signaling to finalize the specification work for Rel-10. We propose the following:
· Collision between SRS and PUSCH, inter CC
· Alt-1-a should be supported

· Collision between SRS and PUCCH 
· SRS should be dropped

· Collision among SRSs
· Simultaneous SRS+SRS transmission for both intra and inter CC is not supported in Rel-10.
· A-SRS should be prioritized over P-SRS, and then priority order depending on CC is applied
· If A-SRS and A-SRS collide to each other, 

· UE transmits A-SRS using the RRC configuration indicated by the latest received UL-grant with trigger.
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No simultaneous PUSCH and SRS is transmitted in the same symbol on any CC from the same UE 


Alt-1-a: 


Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC


Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE


Alt-1-b: 


Rate match any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the (activated?) CCs










































































Possible alternatives for PUCCH on Pcell and SRS scheduled on Scell(s) in the same subframe from the same UE: 


Transmit PUCCH and all the SRS


Are RF requirements for more than one SRS likely to be available for Rel 10?


Transmit PUCCH and one SRS


Which SRS is transmitted?


Apply same restrictions as for PUCCH and SRS on the same carrier (i.e. use short format or drop SRS)? 


Transmit PUCCH only


Power limited case (if PUCCH at least one SRS is transmitted)


Drop SRS


Power scaling 
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