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1 Introduction

In LTE Rel-8/9, SRS periodic transmission with hopping is supported for up to 2 Tx antennas [1]. On other hand, in Rel-10, UL SU-MIMO for up to 4 Tx antennas is supported with an essential part being the closed loop precoding. For the UL SU-MIMO, UL CSI (Channel State Information) from all UE Tx antennas is required for the eNB to accurately determine the rank and the PMI. The eNB can obtain the UL CSI for a UE only through measurements based on the respective SRS. However, since periodic SRS is only supported for up to 2 Tx antennas in Rel-8/9 using antenna selection diversity, the Rel-8/9 scheme is not suitable for UL SU-MIMO scheduling for Rel-10 UEs. Therefore, in order to provide the eNB with sufficient UL CSI from all Tx antennas without relying on PDCCH, it is necessary to extend the Rel-8/9 support of periodic SRS to the case of multiple Tx antennas for Rel-10 UEs as also proposed in [2]. In the next section, patterns for periodic SRS transmission in time and frequency are discussed for the reference case of 4 Tx antennas.
2 Periodic SRS Patterns for 4 Tx antennas
The following three alternative patterns can be considered by simply extending the Rel-8/9 SRS transmission patterns.
Alternative 1 (Simultaneous SRS transmission from 4 Tx antennas):
As shown in Figure 1, Alternative 1 is to transmit SRSs for 4 Tx antennas within one SC-FDMA symbol of the same subframe using different cyclic shifts and combs. That is, 4 SRSs are simultaneously transmitted on a SRS subband with the same frequency hopping pattern as in Rel-8/9. The main pros and cons of Alternative 1 are:
· Pros
· Since CSI for all antennas can be simultaneously measured, fast PMI adaptation is possible.
· UE DTX power savings are maximum.
· Cons
· It becomes more likely that UE Tx power limitation occurs due to simultaneous transmission of multiple SRSs, especially when SRSs with large transmission bandwidth are simultaneously transmitted as it is likely for UEs configured with SU-MIMO.
Alternative 2 (Cycling SRS with the same hopping pattern as in Rel-8):

With Alternative 2 (in Figure 2), a UE transmits only a single SRS within one SC-FDMA symbol and the SRS transmission is cycled among four Tx antennas across subframes configured for SRS transmission. The patterns for SRS transmission bandwidth and subband hopping are the same as in Rel-8/9. The pros and cons of Alternative 2 are:

· Pros

· The probability of UE Tx power limitation by SRS transmission does not increase compared with Rel-8/9.

· Cons

· The hopping pattern is not well suited to SU-MIMO scheduling which requires CSI for all Tx antennas for a given SRS subband within the channel coherence time. 

· UE DTX power savings are minimum.
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Figure 1: Pattern for simultaneous SRS transmission for 4 Tx antennas
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Figure 2: Pattern for cycling SRS with the same frequency hopping as in Rel-8
Alternative 3 (Cycling SRS within a given SRS subband first):

With Alternative 3 (Figure 3), SRS is also transmitted from each antenna within one SC-FDMA symbol and cycling of SRS transmission among the 4 antennas applies. However, the hopping pattern is slightly different from that of Rel-8. SRS transmission for 4 antennas is completed in one SRS subband and then hopped to another subband. The pros and cons of Alternative 3 are as follows:

· Pros
· The probability of UE Tx power limitation by SRS transmission does not increase compared with Rel-8/9.
· Cons
· PMI and MCS adaptation for SU-MIMO scheduling will be slower than the case of simultaneously transmitting SRS from all the UE TX antennas.
· UE DTX power savings are minimum.
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Figure 3: Pattern for cycling SRS within a given SRS subband first
3 Conclusions

This contribution considered the following alternatives for hopping of SRS transmission from 4 Tx antennas:

· Alt 1: Simultaneous SRS transmission for 4 Tx antennas
· Alt 2: Cycling SRS from all Tx antennas with the same hopping pattern as in Rel-8

· Alt 3: Cycling SRS from all Tx antennas within a given SRS subband first 
Alt. 1 and Alt.3 are preferred. Alt. 1 is useful when the UE does not operate close to maximum transmission power (e.g. single-cell transmission). Alt. 3 is useful when the UE operates close to maximum transmission power (e.g. with UL carrier aggregation where near-peak data rates are targeted). 
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