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1. Introduction

In RAN1#47 in Riga some working assumptions regarding sounding reference signal were agreed [1]. It was agreed that sounding RS and demodulation RS are transmitted in different blocks. Also it was agreed that CDM is used to multiplex sounding signals of same bandwidth and combination of FDM and CDM is used as a multiplexing scheme when there are multiple sounding bandwidths.

UL sounding reference signal can be used for various purposes like channel quality measurements for frequency dependent scheduling and link adaptation, reference for power control and UL timing estimation and for closed loop antenna selection.
We think that same RS sequences that are used for demodulation RS should be used for sounding RS. 
2. Bandwidth options and frequency hopping
We think that few bandwidth options for SRS should be specified. Bandwidths should be specified as multiples of RBs. We prefer relatively narrowband SRS BWs because of optimal multiplexing capacity and system overhead.  Also the accuracy of the channel state information is better in many cases when narrowband SRS is used because UE is power limited and cannot support wide SRS bandwidth.  This issue is considered in Table 1 which shows the average SINR of channel state information (CSI) measured over bandwidth of 1 RU. The calculation is based on fully loaded network and CASE 3 environment using slow fractional PC. The system parameters are listed in Table 2 of APPENDIX. We are considering cell edge UEs with coverage area probability of 95%.
UEs located at the 95% coverage area point are transmitting with full power (21 dBm) in order to meet the PC target of PUSCH. This results in SINR per sample of -6.2 dB in the system simulation. As the SRS bandwidth doubles, SINR of SRS sample decreases by 3 dB since the interference situation with SRS cells does not change. Results of Table 1 show, that SRS bandwidth of 2 RUs must be supported in order to provide reasonable SINR for SRS transmitted from the cell edge. 
Table 1. SINR of CSI averaged over 1 RU

  [image: image1.emf]Average  Average SINR including         SINR (dB) of a SRS sample, averaged  over 1 RU

Coverage area SINR (dB) gain from coherent averaging

probability 1 RU allocation over 12 pins (dB) 2RUs 6RUs 24 RUs 48 RUs

95% -6.2 4.6 1.6 -3.2 -9.2 -12.2


The only limitation of narrowband SRS is the sounding delay. This may be a problem if speed of the UE is high. However channel dependent scheduling is typically applied to low speed UEs only. 

In order to sound the full system bandwidth with narrowband signal, frequency hopping of the SRS signal is needed. More wideband SRS can be used close to eNB. Wideband sounding has an advantage that larger BW can be sounded with minimum delay. 
We think that SRS should be transmitted only in the PUSCH. In [2] it is proposed that SRS should also be transmitted in the PUCCH. We think that it is unnecessary. L1 specification should be easily scalable to different system bandwidths. Schemes that assume certain relationship between SRS and system bandwidth can limit the scalability. Relatively narrowband SRS with frequency hopping provides better flexibility.
3. Multiplexing capacity

The number of orthogonal RS that can be obtained for a scheduling bandwidth of 1.25 MHz is 8 times larger than the corresponding RS of a scheduling bandwidth of 10 MHz. However, when comparing the multiplexing capacity between two SRS bandwidths, we must take into account that that narrowband sounding requires 8 times more time domain resources. In this sense, the multiplexing capacity between two sounding bandwidths is equal. 
Problem with wideband only approach is that it is not possible to gather partial knowledge from the radio channel without gathering the entire sounding bandwidth. This “oversampling” wastes not only the sounding capacity [4] but also generates excessive interference to the other cells. 
4. Signalling
We think that sounding RS should be fully configurable by eNB. RRC signalling can be used to configure

· Bandwidth of the sounding RS

· Sequence related parameters (mother code, cyclic shift)

· Frequency and time allocation of SRS (frequency hopping parameters)

· Potential antenna hopping

· Potential RPF
When UE is not transmitting the SRS it may or may not use the SRS LB for data transmission depending on if there are other UEs sending SRS in the sounding LB. We think that the presence of sounding RS in the allocated frequency and time resource should be signalled to the UE using a bit in the UL allocation grant (SRS presence bit). The same bit can be used to switch off the sounding RS in a certain sub-frame. If UE is configured to send SRS in a certain sub-frame by RRC-signalling but “SRS presence bit” is set to zero, this can be interpreted in the UE as not to send SRS.
5. UL Timing Estimation
Sounding RS may be needed for UL timing estimation if there are not enough UL DM RS transmissions. The time resolution of the received SRS signal depends on bandwidth of the transmitted signal. The assumption for the timing alignment command granularity is 0.52 us[7], which implies that the signal used for one-shot timing estimation should have bandwidth around 1MHz. However, the underlying assumption is that the wideband signal is received with a reasonable SINR. The accuracy of UL timing estimation can be improved by repeating the measurement several times and calculating some form of average over the measurements. This alleviates the requirements not only for the SINR but also for the signal bandwidth. 
In [3] results of our study about the most efficient bandwidth for UL timing estimation in case of cell edge UE is presented. In that study we have assumed that only SRS is used for TA estimation. Some of the results are presented in Table 2. It can be seen that the 95% percentile accuracy for 6 RU SRS based timing estimation degrades significantly when SINR decreases towards the 95% coverage area point. On other hand, SRS with below 1 MHz bandwidth require fewer repetitions on cell edge to achieve sufficient timing estimation accuracy and actually it turns out that 2 RU SRS is the most efficient at the cell edge. In short, the most efficient SRS bandwidth for timing estimation varies according to the available SINR and, thus, it would be advisable to have multiple SRS bandwidth options. The needed rate of SRS transmission depends on SNR and bandwidth of the received signal and UE speed. Our studies also show that 100Hz rate (one SRS transmission per radio frame) is enough in all cases, even for UE with 360km/h speed located at the 95% coverage area point of Case 3.
Table 2. 95% percentiles for absolute timing estimation errors for UE with 30 km/h velocity in TU channel. Timing estimation is based on periodic sounding RS transmissions at rate 20 Hz.
	SRS BW
	SNR for 1 RU allocation

	
	- 6 dB
	- 3 dB

	 6 RU
	1.3 us
	0.39 us

	 4 RU
	 0.48 us
	 0.38 us

	 3 RU
	0.48 us
	0.36 us

	 2 RU
	0.50 us
	0.36 us

	 1 RU
	0.71 us
	0.58 us


6. Power control

CDM is agreed method to multiplex SRS of UEs if their SRS bandwidth is the same. 6 users can be multiplexed to the same resources by using cyclic shifts of ZC sequences. In order to maintain orthogonality of those UEs the received power at the eNB should be roughly the same. This can be achieved by applying full path-loss compensation to the sounding RS. Another way to solve the orthogonality problem is to use same fractional PC to SRS as for PUSCH but arrange UEs with similar received power to the groups that transmit their SRS at the same resources. Problem of this approach is the large amount of interference to be generated into the surrounding cells.
7. Wideband CDM and IFDM

In [4] it is claimed that also cell edge UEs can use wideband SRS and because of that frequency hopping of SRS is not necessary. If the system bandwidth is large or the cell is large very likely many of the UEs in the cell are power limited if they try to send with full bandwidth. This means that there are big differences in received power between different UEs. Maintaining orthogonality can be a problem unless the UEs are grouped based on received power. The larger the bandwidth the bigger the transmit power of the UE is. It means that proportion of the UEs that use full power in the cell is bigger if they use wideband SRS. Consequence of this is that more interference is generated to the other cells. It is claimed that because of higher spreading gain the wideband signal can compensate the lower SINR and produce even more accurate channel state information than narrowband SRS.  However if we compare accuracy of CSI within a coherence bandwidth, SRS signal that occupies only the coherence bandwidth and uses the same power as wideband signal, clearly performs better. The signal that is transmitted outside the coherence bandwidth can not be used to improve the channel estimate at the given coherence bandwidth. Multiplexing capacity is also very limited when wideband CDM is used as sounding RS.
IFDM with large repetition factor has been proposed in [5] and [6]. Based on working assumption in Riga meeting our understanding is that IFDM is only considered for multiplexing SRS of different bandwidths. We think that this type of multiplexing is not necessarily needed because it complicates the system. If high RPF value is used there may be only two sub-carriers transmitted within the coherence bandwidth. Reasonable estimate of the variance of the noise and interference can not be done in that case. We think that if IFDM is supported, RPF value should not be higher than 3.  PSD based power control can also be problematic with IFDM. When RPF value is increased the bandwidth of the signal is also increased. In order to achieve the same SINR than with RPF of 1, the transmit power needs to be increased. Otherwise, SINR values representing the worst case quality of SRS presented in Table 1 must be downscaled by a factor of 10*log10(RPF) dB.
8. Summary

3-4 sounding bandwidth options should be specified in the standard. Cell edge users need to use narrowband sounding RS while UEs near the eNB can use wider bandwidth. In order to perform wideband channel quality measurement, cell edge users need to hop the sounding signal.

SRS mechanism needs to be flexible in order to support several system BWs, various purposes of sounding RS and UEs near and far from eNB. eNB should have a full control of sounding sub-system. 
References

[1] R1-072307, “Uplink Scheduling Request for LTE”, NSN, Nokia
[2] R1-072229, “Uplink channel sounding RS structure”, Samsung
[3] R1-072279, “On maintenance of UL synchronization”, NSN, Nokia
[4] R1-072528, “On the Need for Sounding RS Hopping”, Freescale

[5] R1-072159, “Considerations and Recommendations for UL Sounding RS”, Motorola

[6] R1-072466, “RS sounding structure”, Ericsson

[7] R1-071245, “Approved Report of 3GPP TSG RAN WG1 #47bis v2.0.0”, 
APPENDIX 

Table 2. Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	Typical Urban (TU) 

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	21dBm 

	Inter-cell Interference Modeling
	UL: Explicit modeling (all cells occupied by UEs),

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters
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