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1 Introduction

In RAN1 #52bis meeting, it was agreed that the SRS (Sounding Reference Signal) transmission antenna alternates in successive SRS transmission sub-frames for the UEs supporting closed loop antenna selection transmit diversity [1]. The predefined SRS hopping pattern was also decided in RAN1 #53 meeting [2]. In this contribution, we discuss an undesirable SRS transmission pattern occurring in case of closed loop antenna selection under the current specification for SRS in [1]. Thus, in the annex CR, we propose simple corrections for the UE sounding procedure to resolve the issue.
2 Frequency hopped SRS transmission with antenna selection
Figure 1 illustrates an example of SRS transmission when both SRS hopping and closed loop antenna selection are supported. The SRS bandwidth configuration for Figure 1 is shown in Table 1. We denote the two antenna indices of UE k as Ak0 and Ak1. Two UEs k=0 and 1 are assigned to b=1 and 2 for the bandwidth configuration, respectively. From Figure 1, we can see that each UE antenna transmits SRS only in the localized frequency region of the sounding bandwidth. The first antenna of UE 0 always transmits SRS in the lower half of the total sounding bandwidth and the second one only covers the rest of the total sounding bandwidth. Similar restriction in the sounding bandwidth is also observed for UE 1. 
As a result, the bandwidth available per UE antenna to be frequency selectively scheduled is reduced into half of the total sounding bandwidth. Generally, UEs with larger SRS bandwidth are likely to exist near the base station. Then it is natural that those UEs get the considerable benefit from the frequency selective scheduling. The limited sounding bandwidth by supporting closed loop antenna selection is utterly opposed to it. Consequently, obtaining the gain from closed loop antenna selection without the restriction in the frequency selective scheduling would be necessary for an improved uplink throughput.
Table 1. SRS bandwidth configuration.
	SRS BW b=0
	SRS BW b=1
	SRS BW b=2
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Figure 1. Example of the SRS transmission for Table 1.
Figure 2 shows another example with the SRS bandwidth configuration shown in Table 2. We assume that two UEs k=0 and 1 are assigned to b=1 and 2, respectively. In this case, even if each antenna does not transmit SRS in the whole sounding bandwidth, the limitation on sounded region per antenna is not as severe as in Figure 1, since SRSs from each UE antenna are distributed over the whole sounding bandwidth.
Table 2. SRS bandwidth configuration.
	SRS BW b=0
	SRS BW b=1
	SRS BW b=2
	SRS BW b=3
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Figure 2. Example of the SRS transmission for Table 2.
From above observations, we can see that the sounded frequency region per antenna can be limited to a localized frequency region according to the SRS bandwidth configuration like Figure 1. Such restriction is not desirable in viewpoint of utilizing the whole sounding bandwidth, especially when the UE speed is low. For the full use of the sounding bandwidth, it would be preferred to adopt a common antenna pattern which does not restrict the SRS transmission region for all configurations. 
The problem can be avoided by a minor modification of the current antenna transmission pattern of {Ak0, Ak1, Ak0, Ak1,…} in successive SRS transmission sub-frames. In Figure 3, the current antenna transmission pattern is replaced with a modified one, {Ak0, Ak1, Ak1, Ak0,…}, for SRS bandwidth configuration in Table 1. 
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Figure 3. Example of the modified SRS transmission for Table 1.
This modified antenna pattern T(nSRS) for each UE can be generated by the following equation,
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and both Nb and nSRS are given in Section 5.5.3.2 of [2]. This modified antenna pattern can be used for any SRS bandwidth configurations in [2] without additional signaling. 
3 Conclusion

From the observations in section 2, we propose to agree on the attached CR to TS36.213. 
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8.2
UE sounding procedure

The following Sounding Reference Symbol (SRS) parameters are UE specific semi-statically configurable by higher layers:

· Starting sub-carrier assignment

· Starting physical resource block assignment

· Duration of SRS transmission: single or indefinite (until disabled)

· Periodicity of SRS transmissions: {2, 5, 10, 20, 40, 80, 160, 320} ms

· Frequency hopping (enabled or disabled)

· Cyclic shift

The SRS transmission bandwidth does not include the PUCCH region. The cell specific SRS transmission bandwidths are configured by higher layers. The allowable values are given in Section 5.5.3.2 of [3].  

The cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given in Section 5.5.3.3 of [3].

In case the UE supports transmit antenna selection, the SRS transmission antenna index is given by
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where Nb and nSRS are given in Section 5.5.3.2 of [3], and 
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, both when frequency hopping is enabled or disabled, except when a single SRS transmission is configured for the UE. 

For TDD, when one SC-FDMA symbol exists in UpPTS, it can be used for SRS transmission. When two SC-FDMA symbols exist in UpPTS, both can be used for SRS transmission and both can be assigned to the same UE.
A UE shall not transmit SRS whenever SRS and CQI transmissions happen to coincide in the same subframe. 

A UE shall not transmit SRS whenever SRS and SR transmissions happen to coincide in the same subframe.

When a UE is configured by higher layers to support both A/N and SRS transmissions in the same subframe, then the UE shall transmit A/N using a shortened PUCCH format where the A/N symbol corresponding to the SRS location is punctured as defined in Section 5.4.1 of [3]. Otherwise, the UE shall only transmit the A/N using the normal PUCCH format 1a or 1b as defined in Section 5.4.1 of [3].

8.2.1
Sounding definition
-----------------------  end  -----------------------------------------------------
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