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1. Introduction

In LTE Rel-12, SRS transmission is supported for up to 2 TX antenna switching [1]. On the other hand, the objectives in WID on EBF/FD-MIMO include support for SRS transmission with 4 TX antennas [2]. 

In RAN1 #82 meeting, WF regarding SRS 4 Tx antenna switching is submitted [3] and the following proposal was captured in chairman’s note [4].

Proposal:

· Specify the 4Tx switching SRS transmission in spec

· Aperiodic 4Tx switching SRS transmission

· FFS: details for the SRS configuration 
· Periodic 4Tx switching SRS transmission

· FFS: details for the SRS hopping pattern 
When supporting a large number of antennas and high order MU-MIMO, the system performance is very closely related with the accuracy of channel measurement. Especially, for the UE has one Tx antenna and four Rx antennas, the downlink channel measurement by using channel reciprocity property from SRS seems to be challenging issue with the current LTE specification. In Rel. 13, therefore, the 4 Tx SRS transmission is necessary to obtain the full downlink channel state. This contribution discusses operation scenarios of 4Tx SRS switching transmission and possible solutions.
2. Required Properties for 4 Tx SRS Switching
Before investigating the available operation scenarios of 4Tx SRS switching transmission, the required properties should be first taken into account. Several requirement properties are observed as followings:
· Consideration on the commonality between legacy 2Tx SRS switching transmission and new 4Tx SRS switching transmission, e.g. closed-loop UE transmit antenna selection criterion and hopping pattern 
· Consideration on the coverage of SRS due to the UE Tx power limitation for 4Tx SRS switching transmission

· Consideration on coherence time of the channel when designing the duration of 4Tx SRS switching transmission
The above requirements are utilized to develop and evaluate for SRS 4 Tx antenna switching, however most of solutions might be difficult to satisfy all requirements. Even though single solution cannot be satisfied with every requirement, some combinations of multiple solutions can be satisfied if they work together as a complementary cooperation. 
Observations: When 4Tx SRS switching transmission is designed in Rel.13, several required properties should be considered as follows:

· Consideration on the commonality with legacy 2Tx SRS switching transmission 

· Consideration on the coverage of SRS due to the UE Tx power limitation for 4Tx SRS switching transmission
· Consideration on coherence time of the channel for 4Tx SRS switching duration

3. Alternatives for 4Tx SRS Switching
Considering the above requirements, several alternatives for 4Tx SRS switching transmission are introduced in this section. In the current LTE specification, 2Tx SRS switching transmission is defined using the periodic SRS resources. However, for supporting 4Tx SRS switching transmission while satisfied with above requirements, the periodic SRS as well as the aperiodic SRS resources might be considered. For example, one of SRS resources can be utilized as a complementary resource. 
Alt.1: Cycling the periodic SRS with the same hopping pattern as in Rel.12

This is to reuse the periodic SRS resources and same hopping pattern of the current LTE specification, except for changing antenna selection rule in section 8.2 of TS 36.213 [1]. As shown in Figure 1, however, the duration of when gathering all 4Tx antenna channel information on a specific subband can be expected as multiplication of the number of Tx antennas and the number of allocated subbands, in unit of SRS symbol (n_SRS). Therefore, the duration of 4Tx SRS switching of Alt.1 should be carefully compared with the coherence time of the channel.
Alt.2: Cycling the periodic SRS within a given SRS subband first
As shown in Figure 2, this is to newly design the hopping pattern for supporting 4Tx SRS switching. So, it is impossible to avoid the confliction with legacy periodic SRS allocation. Although this scheme can effectively reduce the duration of 4Tx SRS switching at least per subband, it seems difficult to adopt Alt.2 because of confliction with legacy periodic SRS allocation.
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Figure 1. Antenna index per n_SRS for 4 Tx SRS switching transmission of Alt.1
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Figure 2. Antenna index n_SRS for 4 Tx SRS switching transmission of Alt.2
Alt.3: On top of Alt.1, utilization of aperiodic 4Tx SRS switching 
It seems that Alt. 1 is a proper alternative for 4 Tx SRS switching as aforementioned, but, the issue of coherence time still remains. To resolve this issue of periodic SRS transmission with 4 Tx switching, aperiodic 4Tx SRS switching might be considered. In other words, in case of long SRS duration due to some reasons, e.g., subband transmission, eNB can trigger for UE to transmit aperiodic 4Tx SRS switching additionally, and this could be a good complementary.
To enable 4Tx SRS switching on aperiodic SRS, a few alternatives can be considered as below. 
Alt.3-1: Aperiodic SRS triggering per TX antenna
This method is to directly transmit aperiodic SRS per TX antenna by triggering aperiodic SRS signal via DCI. For this procedure, however, it might be necessary to add indication field of antenna index in DCI. And, multiple aperiodic SRS DCIs might be needed for supporting 4Tx SRS switching, thus it causes increase of DCI utilization. 

Alt.3-2: Multiple SRS transmissions with single aperiodic SRS triggering
In Rel.12, only single SRS transmission is applied after triggering aperiodic SRS transmission via DCI. However, this method is to allow the multiple SRS transmission with single aperiodic SRS triggering for supporting 4Tx SRS switching. For example, eNB transmits aperiodic SRS triggering at once, then UE alternately transmits SRS on the designated resources per each transmit antenna. This can reduce the duration of 4Tx SRS switching by assigning the consecutive SRS resources. On the other hand, it might be increased the confliction with legacy and periodic SRS transmission. 
Proposal :  Several alternatives might be considered for 4 Tx SRS switching transmission
· Alt.1: Cycling the periodic SRS with the same hopping pattern as in Rel.12
· Alt.2: Cycling the periodic SRS within a given SRS subband first
· Alt.3: On top of Alt.1, utilization of aperiodic 4Tx SRS switching
 To enable 4Tx SRS switching on aperiodic SRS, following alternatives can be considered
· Alt.3-1:  Aperiodic SRS triggering per Tx antenna
· Alt.3-2: Multiple SRS transmissions with single aperiodic SRS triggering 
4. Discussion and Conclusion

This contribution has discussed 4Tx SRS switching transmission, and we made following observation and proposal
Observations: When 4Tx SRS switching transmission is designed in Rel.13, several required properties should be considered as follows:

· Consideration on the commonality with legacy 2Tx SRS switching transmission 

· Consideration on the coverage of SRS due to the UE Tx power limitation for 4Tx SRS switching transmission
· Consideration on coherence time of the channel for 4Tx SRS switching duration

Proposal :  Several alternatives might be considered for 4 Tx SRS switching transmission
· Alt.1: Cycling the periodic SRS with the same hopping pattern as in Rel.12
· Alt.2: Cycling the periodic SRS within a given SRS subband first
· Alt.3: On top of Alt.1, utilization of additional aperiodic SRS resources
 To enable 4Tx SRS switching on aperiodic SRS, following alternatives can be considered
· Alt.3-1:  Aperiodic SRS triggering per Tx antenna
· Alt.3-2: Multiple SRS transmissions with single aperiodic SRS triggering 
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