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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 a limitation for SRS transmission pattern that occurs for some SRS bandwidth configurations when the closed loop UL antenna selection is enabled [1]. In the annex CR, we propose a minor modification to the current specifications for the UE sounding procedure to resolve this limitation.
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 enabled under the current specification for SRS. 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.  The current method in the spec enables each of the transmit antennas to sound the entire SRS bandwidth for certain SRS bandwidth configurations. However, there exists a limitation in the sounded frequency region per antenna of the UE in some other SRS BW configurations. For example, from Figure 1, we can observe that each UE antenna always sounds only the same one half of the whole sounding bandwidth. For example, the first antenna of UE 0, A00, sounds only the first half of the bandwidth, while the second one, A01, sounds only the second half of the bandwidth. Similarly, antennas of UE 1, A10 and A11, always sound only the half of the whole sounding bandwidth, respectively. 

This could limit the multiuser and antenna selection diversity gains. A larger frequency-domain scheduling gain is obtainable when both the antennas sound both halves of the bandwidth. 
Table 1. SRS bandwidth configuration.
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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. For UE 0 (b=1), that is, N1 is odd, SRS transmission from each of the antennas of UE 0 covers the total sounding bandwidth under the current specification.  However, each antenna of UE1 only sounds the partial channel bandwidth.  
Table 2. SRS bandwidth configuration.
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Figure 2. Example of the SRS transmission for Table 2.
Simple Modification
The limitation can be avoided by a minor modification of the specification. In Figure 3, the current antenna transmission pattern is replaced with a modified one for SRS bandwidth configuration in Table 1. 
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Figure 3. Example of the modified SRS transmission for Table 1.
Let a(nSRS) denote the index of the UE antenna that transmits at SRS transmission time 
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The proposed modified antenna index a(nSRS) for each UE can be generated by the following equation,
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where both Nb and nSRS are given in Section 5.5.3.2 of [2], and 
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. According to the condition of K, the a(nSRS) pattern required to cover the whole sounding bandwidth becomes different. For example, if K is 4, 
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then a(nSRS) would be the repetition of {0, 1, 1, 0, 1, 0, 0, 1} as 
[image: image17.wmf]SRS

n

 increases. In other examples of K=2 or 6, 
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and the resulting a(nSRS) would be the repetition of {0, 1, 1, 0}. This modified antenna index can be used for any SRS bandwidth configurations in [2] without additional signaling.
Conclusion

From the observations made in section 2, we propose that the attached draft CR to TS36.213 be agreed upon. 
References
[1] Draft 3GPP TS36.213 v.8.3.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures".
[2] Draft 3GPP TS36.211 v.8.3.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”.

	CR-Form-v9.4

	CHANGE REQUEST

	

	(
	36.213
	CR
	0037
	(
rev
	2
	(
Current version:
	8.3.0
	(

	

	For HELP on using this form look at the pop-up text over the ( symbols. Comprehensive instructions on how to use this form can be found at http://www.3gpp.org/specs/CR.htm.

	


	Proposed change affects:
(
	UICC apps(
	
	ME
	X
	Radio Access Network
	X
	Core Network
	


	

	Title:
(
	Modification on SRS hopping for closed loop antenna selection

	
	

	Source to WG:
(
	Samsung, Mitsubishi Electric LGE,  Motorola, NTT DoCoMo, Panasonic, Qualcomm, Texas Instruments

	Source to TSG:
(
	

	
	

	Work item code:
(
	LTE-Phys
	
	Date: (
	03/07/2008

	
	
	
	
	

	Category:
(
	F
	
	Release: (
	Rel-8

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)
Rel-7
(Release 7)
Rel-8
(Release 8)
Rel-9
(Release 9)

	
	

	Reason for change:
(
	To resolve a limitation of SRS transmission patterns that occurs under the current specification.

	
	

	Summary of change:
(
	Modification of the SRS transmission antenna index definition in section 8.2.

	
	

	Consequences if 
(
not approved:
	For certain SRS hopping patterns, only partial channel bandwidth is sounded by each of the UE transmit antennas.

	
	

	Clauses affected:
(
	8.2

	
	

	
	Y
	N
	
	

	Other specs
(
	
	X
	 Other core specifications
(
	

	affected:
	
	X
	 Test specifications
	

	
	
	X
	 O&M Specifications
	

	
	

	Other comments:
(
	


-----------------------  start  -----------------------------------------------------

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
· SRS bandwidth
· Frequency hopping bandwidth
· 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].

When antenna selection is enabled for a UE that supports transmit antenna selection, the index 
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when frequency hopping is enabled (i.e., 
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where values BSRS, bhop, Nb, and nSRS are given in Section 5.5.3.2 of [3], and 
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 value), 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].
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