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1. Introduction
In RAN #68, the EBF/FD-MIMO WI was approved and one of the objectives is to specify enhancements on reference signal, including:
· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

In this contribution, we give some consideration on the detailed design of 4 Tx switching SRS transmission.
2. The necessity of 4 Tx switching for SRS transmission
In Rel-8, 1Tx and no more than 2Rx at UE is considered as the main antenna configuration. One port SRS is supported for uplink transmission.  To support channel reciprocity for downlink MIMO transmission, antenna selection can be configured if eNB wants to obtain full downlink channel information when UE has 2Rx for downlink transmission.  In Rel-10, up to 4 ports SRS is introduced, it can work well to obtain full downlink channel information via channel reciprocity as long as the UE has the same number of Tx and Rx.  

Now that 4Rx at UE is discussing in RAN4, UE vendors may take 4Rx into account in the upcoming product for improving downlink performance.  However, it seems that 4Tx at UE will not be a mainstream configuration for near future due to the high complexity and cost. Thus, different TX/RX chain number at UE, e.g. 1TX/4Rx or 2TX/4Rx may be more typical configurations for the UEs with the 4Rx capability.  Unfortunately, under the current specification transmit antenna selection only allows two transmission antennas alternately  mapped to one port.  These UEs can only obtain partial downlink channel information based on channel reciprocity.   It is hard to perform higher rank transmission for these UEs.  Also, gains from beamforming and interference suppression can't be fully exploited by these 4Rx UEs. 
Based on the performance benefits observed, we propose to introduce 4Tx switching for SRS transmission in Rel-13.

Proposal 1: Introduce 4Tx switching for SRS transmission in Rel-13

3. 4 Tx switching for SRS transmission 
Refer to the design rule of 2 Tx SRS switching, the following 4 Tx switching schemes for SRS could be considered for periodic and aperiodic SRS transmission respectively. 
3.1  4 Tx switching for periodic SRS transmission
For periodic SRS transmission, SRS hopping should be considered.

Alt 1:

When antenna selection is enabled and frequency hopping is disabled, the index 
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When antenna selection is enabled and frequency hopping is also enabled, the index 
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, and K is the number of SRS hopping bandwidth which can be assumed 1 when SRS hopping disabled.
Based on the proposed scheme Alt 1, the antenna switching pattern for SRS transmission is shown in Table 1, where SRS hopping is enabled.
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Alt 2:

When antenna selection is enabled, the index 
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Based on the proposed scheme Alt 2, the antenna switching pattern for SRS transmission is shown in Table 2, where SRS hopping is enabled.

Table 2
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Alt 3:

When antenna selection is enabled and frequency hopping is also enabled and K is even, the index 
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, while the index 
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for the case that frequency hopping is enabled and K is odd and that frequency hopping is disabled can be in accordance with that in Alt 1 or Alt 2.
Based on the proposed scheme Alt 3, the antenna switching pattern for SRS transmission is shown in Table 3, where SRS hopping is enabled.

Table 3
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For all the schemes, it requires the same time to obtain the entire channel in all frequency domain.  The difference is whether we want to obtain in channel of different antennas each with different subbands first or whether we want to obtain the channel of one antenna in entire bandwidth first.   This would depend on channel properties.  e.g. 
Alt 1 is more appropriate for frequency flat channel.  The entire channel can be deduced by one subband.  Alt 2 may be better for frequency selective channel and wideband scheduling, it may be desirable to obtain the channel for particular antennas first in such case.  Alt 3 could be regarded as a tradeoff between Alt 1 and Alt 2. Considering that the switching rule of Alt 1 for 4 Tx is more close to that for 2 Tx nowadays, Alt 1 seems to be preferable if fixed switching scheme is used.  If not only one switching scheme is chosen, higher layer signalling could be used for indicating the switching scheme for 4 Tx to UE. And also, whether antenna selection enabled or not for 4 Tx could be indicated to UE through higher layer signalling. 
Proposal 2：Higher layer signaling is used to indicate the 4Tx switching scheme to UE.
3.2    4 Tx switching for aperiodic SRS transmission

Different from periodic SRS, SRS hopping is not be supported for aperiodic SRS and one DCI signaling triggers only one aperiodic SRS transmission.  
If antenna switching is going to be supported for aperiodic SRS, multi-shot SRS needs to be supported. Otherwise, multiple DCI signaling for triggering aperiodic SRS is needed to finish SRS transmission from all antennas, for which DCI signaling overhead is not acceptable. 1 bit higher layer signalling can be used to indicate UE to enable multi-short SRS for antenna switching, while reusing original DCI signalling to trigger multi-shot SRS.

For 4Tx antenna switching of aperiodic SRS, antenna switching schemes such as Alt 1~3 for periodic SRS above may also be used for aperiodic SRS, with the only difference is that the number of antenna switching for aperiodic SRS is limited depending on the number of DCI signaling or the number of multi-shot supported while that for periodic SRS is cyclic.
Frequency hopping seems no need to introduce for aperiodic SRS, because it will lead to much more channel state measuring delay for 4 Tx antenna switching with aperiodic SRS. On the other hand, 4 Tx aperiodic SRS may be finished in 4 consecutive symbols e.g. in 4 consecutive UpPTS symbols with increasing of UpPTS symbols to 4 in TDD system, which will decrease the delay of obtaining the entire channel state information. For example, figure 1 shows antenna switching for aperiodic SRS supporting 4 multi-shot with one triggering in 4 consecutive UpPTS symbols with increasing of UpPTS symbols from 1 to 4 in a special subframe.
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Figure 1
Proposal 3：Multi-shot SRS transmission is introduced to support 4 Tx aperiodic SRS antenna switching.  4 Tx aperiodic SRS transmission in 4 consecutive UpPTS symbols should be supported for TDD.
3.3 Other

Considering that 4 Tx SRS antenna switching could double the CSI measuring delay, other one antenna switching way may be considered either. For example, 4 Tx can be divided into 2 Tx groups with 2 Tx in each group, antennas in a group can be multiplexed by different CSs, and SRS switching only happened in different groups, and 2 Tx SRS switching way may reused in this case, which makes CSI measuring delay for 4 Tx SRS switching is the same as 2 Tx SRS switching at the expense of some SRS resource.

Proposal 4：SRS antenna switching between different antenna groups for 4 Tx can be considered to control the CSI measuring delay effectively.
4. Conclusion

In this contribution, the necessary of introducing 4 Tx SRS switching is analyzed first, and then give detailed design of 4 Tx switching SRS transmission for periodic and aperiodic SRS respectively, and the following observation and proposals are giving:

Proposal 1: Introduce 4Tx switching for SRS transmission in Rel-13

Proposal 2：Higher layer signaling is used to indicate the 4Tx switching scheme to UE.
Proposal 3：Multi-shot SRS transmission is introduced to support 4 Tx aperiodic SRS antenna switching.  4 Tx aperiodic SRS transmission in 4 consecutive UpPTS symbols should be supported for TDD.
Proposal 4：SRS antenna switching between different antenna groups for 4 Tx can be considered to control the CSI measuring delay effectively.
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