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1.
Introduction
This contribution discusses issues related to SRS bandwidth selection. The following 3GPP decisions are used as a starting point for these discussions:
· A narrowband and a wideband SRS BW are supported for a given operating bandwidth. Need for additional SRS bandwidth values for larger operating bandwidths are FFS
· SRS transmission should not puncture the PUCCH region (this may be the case also with persistent PUSCH).
This is a modified resubmission of R1-081446.
2.
SRS Bandwidth, Requirements
As discussed in [1] efficient implementation of DFT-S-OFDM requires that the size of the DFT (i.e., number of allocated RBs x 12) is factorized into a small number of prime numbers. It has been agreed that DFT sizes are multiples of 2, 3 and 5 [2]. The supported bandwidth options are listed in Table 1 (column 1). 
With respect to the Sounding reference signal (SRS) it has been decided in RAN1 meeting #50 that RPF=2 is always used. It has also been decided that existing DM RS sequences should be reused with SRS. Taking into account these decisions we note that bandwidth allocations with odd number of RBs are not supported with SRS (due to the RPF=2). The supported bandwidth options are listed in Table 1. 
Table 1. Supported bandwidth options
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As mentioned earlier, a narrowband and a wideband SRS BW must be supported for a given operating bandwidth. Different operation BWs of E-UTRA are listed in Table 2 [3]. When considering the wideband SRS, we note that the SRS bandwidth is upper-bounded with the number of RBs in the given channel bandwidth minus two RBs reserved always for PUCCH (SRS transmission should not puncture the PUCCH region). 
Table 2 Transmission bandwidth configuration NRB in E-UTRA channel bandwidths [3]

	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	FDD mode
	6
	15 
	25
	50
	75
	100


3.
Minimum SRS Bandwidth

The possible values for the minimum SRS bandwidth are 2 RBs and 4 RBs, (see Table 1). We note that the minimum SRS bandwidth is basically defined by sounding error rather than the channel bandwidth.  In the APPENDIX we compare the sounding error between the sounding reference signals of 2RBs and 4RBs. 

Results show that even taking into account 3-dB higher power spectral density of 2 RB sounding signal, there are no major differences in sounding accuracy. This is due to the fact that with 4 RB signal wider processing gain can be used to compensate lower power spectral density.  Based on this analysis we propose that minimum SRS bandwidth should always be 4 RBs.
4.
How to support cyclic shifts with maximum separation? 

It has been decided that cyclic shift of the SRS sequence is indicated by 3 bits. Obviously, it is possible to indicate 8 different cyclic shift values using 3 bits. The question is that how to maximize the cyclic shift separation between the SRS resources?
SRS length depends on the SRS bandwidth, which is a multiple of number of RBs, consisting of 12 frequency pins. The sequence length is given as 12/RPF
 x number of RBs. Maximum separation between 8 cyclic shifts requires that the SRS sequence length is divisible by 8. This is the case when the SRS BW is a multiple of 4 RBs. 
Table 3 shows the possible SRS bandwidths, supporting 8 simultaneous resources with maximum cyclic shift separation.
Table 3. Supported bandwidth options, taking into account maximum cyclic shift separation
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# of RBs Allowed SRS BW Max CS separation

1

2 Yes

3

4 Yes Yes

5

6 Yes

8 Yes Yes

9

10 Yes

12 Yes Yes

15

16 Yes Yes

18 Yes

20 Yes Yes

24 Yes Yes

25

27

30 Yes

32 Yes Yes

36 Yes Yes

40 Yes Yes

45

48 Yes Yes

50 Yes

54 Yes

60 Yes Yes

64 Yes Yes

72 Yes Yes

75

80 Yes Yes

81

90 Yes

96 Yes Yes

100 Yes Yes

108 Yes Yes


Cyclic shift of a sounding reference signal sequence,  denoted as 
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,  is calculated as follows (frequency domain generation of the cyclic shifts)
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Where the possible cyclic shift values (cyclic_shift_value_SRS) are, 0, 1, … 7 and 
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 is the length of the sounding reference signal sequence..
5.
Proposed SRS Bandwidths

As mentioned earlier, there is an ongoing discussion about the need for multiple SRS bandwidth values for larger operation bandwidths. We note that with multiple SRS bandwidths, efficient assignment of the SRS signals will be an issue. This is the case especially with frequency hopping SRS [6]. [4] presents an efficient assignment scheme based on OVSF code assignment with a tree structure. We share view presented in [4] that compatibility with the OVSF-based code assignment should be taken into account when selecting the SRS bandwidths.
Figure 1 shows our SRS bandwidth proposal for different E-UTRA channel bandwidth options. In all cases the minimum SRS bandwidth is limited to be four RBs. 2-4 SRS bandwidth options are provided for channel bandwidths larger than 1.6 MHz.

Two alterative sets of SRS bandwidths are proposed for larger operation bandwidths (> 10 MHz) 

· Option #1: Smaller room reserved for PUCCH: maximum SRS bandwidth is 96% of the total BW
· Option #2: Larger room reserved for PUCCH: maximum SRS bandwidth is about 80% of the total BW
We are of the opinion that final decision should be made between these two alternatives. We note that handling of the dynamically varying PUCCH BW should be taken into account in decision (See Section 7). 
Benefits of the proposed SRS BW selection are shown below:

· It provides always maximum cyclic shift separation between adjacent CS resources

· It supports code-tree based bandwidth assignment (signalling savings)
· The existing DM RS can always be used, no need for additional “sounding-only” reference signals

· It provides optimized estimation accuracy with the minimum SRS bandwidth
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Figure 1. Proposed SRS BWs
6.
Configuration of OVSF-based SRS-tree

The frequency-domain starting position of SRS, k0, is given in sub-carries and we assume in following that it is defined by
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where 
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 is an offset (in sub-carriers) related to the starting of SRS-tree (including RPF comb), LSRS is the (OVSF) tree layer depth in the SRS position assignment, corresponding to the assigned SRS bandwidth, Bl  is the SRS bandwidth (in subcarriers) on tree layer l (i.e. Bl = RPF x the length of the SRS sequence on layer l) and nl is the SRS frequency position assignment index on tree layer l. The allocation is illustrated on Figure 2. It assumes channel bandwidth of 10 MHz. The available SRS BW set consists of three SRS bandwidths, 40RBs, 20 RBs and 4 RBs. 
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Figure 1 Illustration of SRS frequency position configuration with tree structure, “Option 2”, 10 MHz.
Table 4 shows the proposed placement of SRS –tree for “Optoin 1” and “Option 2”. SRS tree is placed symmetrically over the centre frequency. In the case with odd number of RBs (15 MHz, 5 MHz, 3 MHz), SRS-tree is placed in such that the amount of PUCCH BW is smaller with lower frequencies. The reason for this choise is the fact that the existing RB numbering of frequency hopping PUCCH starts from the lower frequences (TS 36.211, Section 5.4.). At the same time SRS is assumed to be located on the last symbol of the sub-frame. The frequency-domain starting position of SRS –tree (in sub-carriers) is denoted as 
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7.
Handling of dynamically varying PUCCH BW

It been agreed that SRS transmission should not puncture the PUCCH region. The same principle applies to persistent PUSCH: it is desirable for the SRS to not puncture persistent PUSCH allocations. There is a parameter called “PUCCH-resource-size” in [5] which enables this goal. “PUCCH-resource-size” broadcasted on SIB provides information about the number of resources reserved for PUCCH (including persistent PUSCH) transmission within the cell. 
The question discussed in this section is that how to arrange the needed SRS bandwidth changes in the case when PUCCH bandwidth (including persistent PUSCH) varies dynamically. One obvious solution is to re-configure the SRS transmission in order to avoid PUCCH puncturing. We note that this is not a sufficient solution: SRS re-configuration takes a long time and significant amount of signaling, especially in the case a large number of UEs require SRS re-configuration. 

Proposed solution:

The proposed solution is shown below:
1. Information about the RBs in which the SRS transmission is not allowed (i.e., PUCCH region) is broadcasted. “PUCCH-resource-size” broadcasted on SIB [5] is used for this purpose.
2. SRS is truncated in the case when SRS overlaps the bandwidth not supporting the SRS transmission.
3. SRS is truncated towards the maximum allowed SRS BW. The supported SRS BW options have been listed in Table 3 (rightmost column). UE does the truncation autonomously w/o additional UE specific signalling. 
4. The truncation impacts neither on the configured SRS BW (40RBs, 20 RBs and 4 RBs in this case) nor the applied (OVSF-) tree based bandwidth assignment: Only the outermost SRS signals are truncated.

The principle of the proposed solution is shown in Figure 2.  It assumes channel bandwidth of 10 MHz. The available SRS BW set consists of three SRS bandwidths, 40RBs, 20 RBs and 4 RBs (see Figure 1).
The proposed arrangement provides several benefits:

· Code-tree based SRS bandwidth assignment maintains. This is beneficial from the signaling point of view, esp. in case of frequency hopping SRS. 

· Additional signaling burden is very marginal (if any). The only requirement is that the number of RBs not supporting the SRS transmission is signaled. This is based on existing “PUCCH-resource-size” –signaling broadcasted on SIB.
· It enables to make the SRS/PUCCH handling to be more or less implementation specific. Operator can easily control the area in which the SRS can be transmitted (e.g., to optimize persistent PUSCH). The only thing to be specified besides the truncation rules is the applied code-tree based SRS assignment.
· Easy to define in the specification (single SRS BW set / system BW)
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Figure 2. Truncation of the original BW set in case when PUCCH region overlaps with the SRS BW.
8.
Summary
This contribution discussed issues related to the SRS bandwidth selection. We also made a concrete SRS bandwidth proposal for different E-UTRA channel bandwidth options. We noted that the following issues needs to be considered when deciding the SRS bandwidths:
· Sounding accuracy (-> minimum SRS BW equals to 4 RBs)
· Realization of SRS with the existing DM RS
· Support for maximum cyclic shift separation between 8 adjacent CS resources  (->SRS BW is multiple of 4 RBs )
· Compatibility with the code-tree based bandwidth assignment

We also propose a practical solution for the case when PUCCH (+ persistent PUSCH) BW changes dynamically. In this case SRS is truncated towards the maximum allowed SRS BW. Truncated SRS BW has the following properties
· It is a member of existing DM RS set

· SRS BW is multiple of 4 RBs.
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APPENDIX
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Figure 3. Expectation value of SINR estimator as function of input SINR, bandwidth of interest: 2RB (360 kHz), Sounding signal bandwidth: 2RBs and 4 RBs.
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Figure 4 Standard deviation of SNR estimator as function of input SINR.  Bandwidth of interested:  2RB (360 kHz), Sounding signal bandwidth 2 RBs and 4 RBs.
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