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1. Introduction

In RAN1-#61bis meeting, several aspects of dynamic aperiodic SRS were discussed and summarized in [1] including

· Support of other SRS durations
· Resources used for aperiodic SRS

· Support of aperiodic triggering by DL grant

· In case of UL triggering, allow triggering without PUSCH grant

· Support of group triggering.
Although it has been agreed that aperiodic SRS transmissions can be triggered by UL grants, the details of triggering of dynamic aperiodic SRS in the case of multiple UL CCs has not been discussed.

In this contribution, we discuss the possible triggering mechanism for dynamic aperiodic SRS transmitted on multiple UL CCs using UL grants.
2. Triggering of Dynamic Aperiodic SRS
We discuss some possible methods below, categorized according to the overhead incurred by the aperiodic SRS request in the UL grant.
We also note that in principle it should be possible to trigger aperiodic SRS on multiple UL CCs without having to send multiple UL grants. 

2.1. 5-bit overhead in UL grant
A bit mapping method with a 5bit SRS-request field in every UL grant could be used to trigger the aperiodic SRS transmission for up to 5 configured UL CCs.  If the number of configured UL CCs for a UE is less than 5, some bits in the 5-bit aperiodic SRS request field would be reserved.  
· Pros: 
· No unnecessary SRS transmission overhead since the eNodeB can request SRS transmission for only the CCs for which it is needed;

· Maximum flexibility, as SRS transmission can be requested on any combination of configured UL CCs;
· One UL grant is enough to trigger SRS for up to 5 UL CCs;

· Cons: 
· High overhead in the UL grants due to the fact that the 5-bit SRS-request field is present in every UL grant irrespective of the number of UL CCs for which SRS transmission is actually needed.
· Not easily scalable to larger numbers of CCs in the future. 
2.2. 1-bit overhead in UL grant
By using a 1-bit field for aperiodic SRS request regardless of the number of configured UL CCs, two different triggering mechanisms can be considered as follows:
a) Trigger aperiodic SRS transmission on one UL CC by its respective UL grant and trigger aperiodic SRS transmission on multiple UL CCs by multiple UL grants in one subframe or consecutive subframes.
· Pros: 
· No unnecessary SRS transmission overhead due to the fact that individual SRS transmission can be triggered for each CC;

· Minimum overhead in UL grant if the number of CCs for which SRS is required is low or zero;

· Good flexibility, enabling aperiodic SRS to be triggered for any number of UL CCs;
· Cons:

· Significantly increased UL grant payload if SRS for multiple UL CCs is requested in one subframe without corresponding PUSCH data transmissions on those UL CCs.
· Significantly increased transmission delay if multiple UL grants for aperiodic SRS requests for different UL CCs are sent in consecutive subframes.

b) Trigger aperiodic SRS transmission on all configured UL CCs.

· Pros: 

· Minimum size for each UL grant;
· Low DL control signalling overhead irrespective of the number of UL CCs for which aperiodic SRS is actually needed;
· Cons:

· Inflexible triggering of SRS.
2.3. Intermediate overhead in UL grant
In order to provide a way forward which trades off the overhead for aperiodic SRS request in each UL grant against the flexibility of triggering, we consider some compromise solutions, similar to our proposals for CSI triggering for CA in [2]: 
Alt 1: Using a bit mapping method with a limited number of bits (< 5) in every UL grant to trigger aperiodic SRS for configured UL CCs, where each bit is used to trigger aperiodic SRS transmission for a subset of the UL CCs.  The configuration of UL CCs into subsets would be semi-statically provided by RRC signalling.  For example, if a 3-bit field were to be provided for aperiodic SRS request in every UL grant, the 1st bit could be mapped to a subset consisting of CC1 and CC2, the 2nd bit to a subset consisting of CC3 and CC4 and the 3rd bit to a subset consisting of just CC5.
· Pros: 

· Reduced overhead in each UL grant compared to the 5-bit bitmap;

· No additional SRS transmission delay;

· Reasonably low DL control signaling overhead irrespective of the number of UL CCs requesting aperiodic SRS transmission;

· Flexible transmission to some extent, allowing aperiodic SRS to be triggered for certain combinations of configured UL CCs;
· Cons:

· Increased size of each UL grant compared to the case of single CC;
· Some additional SRS transmission overhead if not all UL CCs in one subset need aperiodic SRS transmission.

Alt 2: A SRS triggering bit-map with less than 5 bits could be used to trigger aperiodic SRS for the most useful UL CCs including,
· The UL CC which is indicated by the CIF in the UL grant (e.g. CC1 in Fig. 1);
· Any UL CC which has no UL-SCH data transmissions (e.g., CC2 in Fig. 1).
Moreover, a priority order among the UL CCs could be provided by RRC signaling.  For the UL CCs that have UL-SCH data transmission (e.g., CC1 in Fig. 1), the UL grant can be used to trigger the aperiodic SRS transmission on the same UL CC.
For example, the 1st bit of the aperiodic SRS request field in CC1’s UL grant could be mapped to UL CC1 and the 2nd bit to UL CC2.  In the unlikely case 2-bits are not enough, it is straightforward to use additional UL grants to trigger SRS transmission for the remaining CCs:
· Using a separate UL grant to trigger aperiodic SRS transmission for one UL CC, where only the 1st bit of aperiodic SRS request field is mapped to its own UL CC and other bits are reserved;
· Using multiple UL grants to trigger SRS for different UL CCs in different subframes.  
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Fig. 1
Illustration of DL/UL CC pair and cross-carrier scheduling

Therefore, Alt 2 combines the bit-mapping method for the most useful UL CCs and individual UL grant triggering for UL CCs with UL-SCH data transmission.

· Pros: 

· Tolerable size of each UL grant;

· No SRS transmission delay (unless multiple subframes are used);

· No unnecessary SRS transmission overhead for CCs for which SRS is not needed;  

· Good flexibility
·  Cons:

· Increased size of each UL grant compared to single bit;

· Additional UL grants may be needed if the limited number of bits in the SRS request field is not sufficient to trigger SRS for all the UL CCs for which SRS is needed;
Alt 3:  Each value of the limited number of bits in the SRS-request field could be assigned a different meaning, rather than simply using it as a bit-map. 

For example, with a 2-bit SRS-request field, the 1st value could be used to trigger SRS just for the UL CC for which the UL grant is provided, the 2nd value could be used to trigger SRS for all activated carriers, the 3nd value could be used for an RRC-configured subset of the UL CCs, and the last value could be used to denote that no UL CC needs SRS at all. 

This allows the additional overhead in the UL grant to be kept very small, while still allowing significant flexibility as in Alt 2. 
3. Conclusions

In this contribution, we discuss various possible triggering mechanisms for aperiodic SRS transmission for multiple UL CCs.  
Considering the acceptable UL grant size, limited DL control signalling overhead, and low additional SRS transmission overhead, we propose:
· The SRS request field in the UL grant uses 2 bits. 

· One value of the SRS request field triggers an aperiodic SRS transmission on the UL CC for which the UL grant is provided. 
· One value of the SRS request field triggers aperiodic SRS transmission for all the activated (or configured?) UL CCs. 
· One value of the SRS request field can be used to denote no aperiodic SRS triggers at all.
· The other value(s) of the SRS request field can be assigned by RRC signalling to correspond to subsets of the configured UL CCs. 
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