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1. Introduction

This contribution discusses the remaining open issues regarding the SRS transmission. 
2. SRS and PUCCH 
We think that SRS transmission in the PUCCH region is not needed. Puncturing of ACK/NACK symbols always, when SRS transmission is possible, degrades ACK/NACK performance unnecessarily. It is claimed that support for varying number of RBs for PUCCH complicates SRS design and configuration. However PUCCH region should be broadcast information and simple rules can be created so that UE does not send SRS if it overlaps with PUCCH or it reduces the SRS bandwidth so that overlap does not occur.

According to RAN4 LS [1] all the SC-FDMA symbols in the sub-frame should be transmitted with the same power. If UE would transmit both PUCCH and SRS in the same sub-frame it should transmit the SRS with the same power as PUCCH symbols. Bandwidth of PUCCH symbols is always 1RB and typical SINR level of PUCCH channel is -5 to -10 dB. If the same power is spread to SRS band of 6RBs then power per resource block is 7.8 dB lower than in PUCCH. In case of 24 RB SRS transmission, PSD is 10.8 (RPF=2) dB lower than in the PUCCH corresponding to SINR level from -16 to-21 dB. Even 6 RB SRS transmission, the SINR level of SRS is as low as -10 to -15 dB. . This level is so low that reliable CSI estimation is very difficult.
In case that extended cyclic prefix is used for uplink transmission, there are significant effects to both multiplexing capacity and performance of PUCCH ACK/NACK channel if one of the SC-FDMA symbols in a sub-frame is puncturerd. Multiplexing capacity of ACK/NACK resources would then be only 12 instead of 18. The link level performance degradation would be 0.8 dB (10log(5/6)). That would mean clearly noticeable degradation in PUCCH coverage.
If there is a DL only traffic burst and PUCCH ACK/NACK transmission is prioritized over SRS then there can be a long period without SRS. It is claimed that there can be problems with TA estimation or PC in this case. However, TA can be measured also from PUCCH if it is transmitted frequently enough. We also think that gap in SRS transmission does not cause problems to power control because before PUSCH transmission there is normally RACH or scheduling request procedure and PC can be set during those procrdures. Anyway it is always possible that eNB allocates PUSCH resources to UE even if there is only control and SRS to be transmitted. This is an efficient solution to make sure that SRS is transmitted frequently enough for TA or PC purposes. 
Two PUCCH transmission formats complicate the system and standard. In ACK/NACK case different orthogonal cover codes would be needed depending on if SRS is transmitted or not. This orthogonal cover must be the same for all the UEs that are transmitting in the same time – frequency resource so they all need to know if shorter cover needs to be used. Additional signaling is needed or alternatively all UEs must puncture one symbol when transmission of SRS is possible and this results in constant performance degradation.

Orthogonal cover hopping would be more complex if two cover codes would be specified with possible variable alternating pattern. Also resource specific cyclic shift hopping (if specified) would be more complex.
It is claimed that 1ms repetition rate of CQI and SRS should be possible and because of this simultaneous transmission of PUCCH and SRS is needed. 1 ms repetition rate of CQI and SRS is possible already now if CQI and SRS are transmitted in the PUSCH. We don’t see a reason why 1 ms repetition rate of SRS would be needed in the case that UE is not sending anything in the PUSCH.
Prioritizing ACK/NACK and dropping SRS if they occur at the same sub-frame means that CSI information in the eNB is not up-to-date all the time. In [2] we have studied, what kind of effect to the throughput, dropping of SRS causes. Results show that throughput loss is negligible even if the probability of dropping SRS is high.

In case of TDD Frame structure type 2, there are only 9 or 8 symbols (in case of normal or extended cyclic prefix, respectively) per uplink subframe. If one symbol is punctured for sounding transmission, the performance degradation of PUCCH (AckNack, CQI or AckNack+CQI) is unacceptable. Especially in case of extended CP where we have all together 8 symbols per subframe, puncturing one symbol for sounding means either having only one reference symbol per half subframe or losing the orthogonality of AckNack data channel.

Taking into account disadvantages of simultaneous transmission of SRS and PUCCH we suggest that such a transport format is not included into the specification. We propose that in case that SRS is configured to be transmitted in the same sub-frame with PUCCH, SRS is dropped and ACK/NACK/CQI transmitted.

3. SRS and persistent scheduling
It is often assumed that frequency resources for persistently scheduled UEs are reserved at upper and lower end of the system bandwidth, next to PUCCH. Frequency dependent scheduling is not used for persistently allocated UEs but slot level hopping similar to PUCCH is used. SRS transmission may only be needed for timing advance measurement so it needs to be transmitted relatively seldom. We think that frequency region that is used for persistent scheduling should not be used for SRS transmission. UEs are allocated to that band persistently and frequency dependent scheduling is not used so reserving symbol for SRS would be just unnecessary overhead. If for TA measurement purposes, SRS is needed, then UE should be allocated to non-persistent region and then UE can send SRS.
4. Signalling scheme

The figure below presents allocation of different channels. We think that SRS transmission should not be allowed at the regions reserved for PUCCH and persistent PUSCH. The simpliest signaling scheme is probably such that PUCCH and persistent PUSCH regions are informed to the UEs by broadcast signaling and UE is configured by higher layer signaling to send SRS using (almost) full bandwidth. If the SRS to be transmitted overlaps with the PUCCH or persistent PUSCH then SRS is dropped or only the part that is not overlapping is sent. This way complicated reconfiguration of SRS of every UE can be avoided in case that PUCCH or persistent PUSCH region changes
Depending on load of the system and SRS configurations, there may be more or less resource elements in the SRS that are not used by any UE (white areas in the figure below). These unused resources can be easily taken in use if we add one bit in the UL grant that indicates if the SRS is not used by any other UE and is available for data transmission. Indicating that SRS symbol is not available for data transmission by broadcast signaling [4] requires complex signaling and is not flexible. If UE is configured to transmit SRS in the given sub-frame then this bit in UL grant is not needed. One possibility in that case is to use this bit as SRS on/off switch.

[image: image1]
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 if UE is power limited, it 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 3 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: image2.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. 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 [5], 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. Summary

We suggest that a special a transport format for simultaneous transmission of ACK/NACK and SRS is not specified. 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.

We propose that SRS is not transmitted in the regions reserved for PUCCH and persistent PUSCH
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


Only the part of the SRS


that is in the allowed region
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UE can use SRS symbol for data if it is not sending SRS
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