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1. Introduction

In RAN1#49bis in Orlando many issues regarding to sounding reference signal were agreed. This contribution discusses the remaining open issues regarding the SRS transmission. 
2. SRS and PUCCH 
Presence of PUCCH introduces special cases for the SRS operation. There are two main questions to be answered:
· Do we need to transmit SRS in the bandwidth allocated for PUCCH?

· Do we need to transmit SRS simultaneously with PUCCH (ACK/NACK, CQI)

It has been agreed that ACK/NACK transmission in the PUCCH is arranged by means of modulated CAZAC sequences. BPSK is used for 1-bit ACK/NACK and QPSK for 2-bit ACK/NACK, respectively. Block-wise spreading is applied to PUCCH DM RS (SF=3) and data (SF=4). We note that transmission of SRS on the ACK/NACK resource will partially destroy the existing ACK/NACK structure. However, it is still possible to reserve one out of four symbols reserved for ACK/NACK data for SRS usage without degrading the multiplexing capacity of ACK/NACK. There are quite many problems regarding to this approach:
· ACK/NACK performance will degrade as part of the symbol energy is used by SRS (one out of eight ACK/NACK data symbols will be missing from each sub-frame). The same applies for CQI transmitted on PUCCH.
· Sequence design of PUCCH will become more complicated. Two different configurations are needed for the orthogonal cover, i.e., SF=3 and SF=4. 
· Multiple set of patterns for symbol-based shift hopping may also be needed.
SRS is targeting to enable channel aware scheduling for PUSCH (i.e., it relates to UL data transmission). It is also used as a RS for closed loop PC for both PUSCH and PUCCH. We note that in practice there is always some kind of channel information available also without simultaneous transmission of SRS and ACK/NACK. 
· ACK/NACK and CQI signals can be used to measure the UL channel state information (CSI). This information can be used to support both and PUCCH and PUSCH.

· Scheduling request precedes UL data transmission in many cases. More detailed traffic volume report including (S)RS will be transmitted after successful SR. 
· If UL data transmission takes place without SR procedure (i.e., continuous UL data transmission), some kind of channel information is available due to the previous data transmissions.
· Furthermore, SRS history can be used.

We also note that that LTE UL is quite robust against errors related to the inaccuracies of CSI. 

Situation in which the ACK/NACK and SRS are transmitted simultaneously may be quite infrequent in practice. Therefore, it should be carefully analyzed whether this special case justifies increasing the system complexity and introducing some performance degradation into the existing ACK/NACK structure. We also note that this special situation can be completely avoided either with UL data allocation (ACK/NACK will be transmitted on PUSCH instead of PUCCH) or having some restrictions on DL scheduler.

Taking into account disadvantages of simultaneous transmission of SRS and PUCCH we suggest not including such a transport format into the specification. We propose that in case that ACK/NACK/CQI and SRS appear in the same sub-frame ACK/NACK/CQI transmitted on PUCCH should be prioritized over SRS.

3. Switching the SRS ON/OFF

One of the decisions made in Orlando was that eNode B has to be able to disable the SRS transmission by a UE. We note that this can be achieved by means of a single bit included in the UL allocation grant. This bit can be interpreted in different ways depending on whether the UE has been configured for SRS transmission in the given sub-frame. 

· When UE is allowed to transmit data (but not SRS) in the given sub-frame, it may or may not use also the SRS LB for data transmission depending on if there are other UEs sending SRS in the sounding LB. This information is conveyed by means of SRS bit included in the UL allocation grant.

· The SRS bit transmitted in the UL allocation grant can be used to switch the SRS transmission ON/OFF in case that UE is configured to transmit the SRS in the given sub-frame 

Regarding the signalling of the SRS transmission we prefer an approach where eNode B just signals the transmission sub-frame and period for the UE to perform SRS transmission periodically until the communication session ends. This would mean that duration of the SRS transmission does not need to be signalled.

4. 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


In order to sound the full system bandwidth with narrowband signal, frequency hopping of the SRS signal is needed. Frequency hopping of SRS can be seen only as a signaling issue. It can be supported by signaling the starting bandwidth position separately for different hopping positions.
More wideband SRS can be used close to eNB. 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.  Wideband sounding has an advantage that larger BW can be sounded with minimum delay. 

5. RPF
It has been decided already in WG1#47 meeting that RPF=1 is used for SRS signals of the same bandwidth. In WG1#47bis held in Orlando it was decided to support RPF=2 in order to multiplex sounding signals of different bandwidth into the same symbol. 
Regarding to RPF we do not want to introduce additional options for RPF. Instead of that, we still think that single option for RPF (RPF=1) would be adequate. In order to effectively support RPF>1, if needed, one can allocate different SRS bandwidths for different non-overlapping frequency/time resources. 

6. Position of SRS signal

We can agree that the SRS symbol position is fixed into 1st, 2nd, 6th and 7th symbols of each slot. However, as discussed in Chapter 2, need for simultaneous transmission of SRS and ACK/NACK on PUCCH is not too obvious.  If this is not supported, there are in total 12 symbols per sub-frame available for SRS transmission. This choice would provide more room to avoid SRS overlapping between adjacent cells in synchronized configuration.
From sounding delay perspective, it is beneficial to prioritize last symbol positions, as discussed in [7].
7. 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 [6], 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 [2] 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


8. Summary

We suggest not having a special a transport format for simultaneous transmission of ACK/NACK and SRS. We propose that in case that ACK/NACK and SRS appear in the same sub-frame ACK/NACK transmitted on PUCCH should be prioritized over SRS.
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. 
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APPENDIX 

Table 3. 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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