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1. Introduction

This paper discusses the arrangement of UL sounding in the LTE UL system. This is a modified resubmission of [6].
UL sounding reference signal (RS) may be needed for various purposes:

· Channel quality measurement for frequency/time aware scheduling

· Channel quality measurement for link adaptation
· Channel quality measurement for Power control

· Timing measurement

· Channel quality measurement for SU-MIMO (closed loop antenna selection)

We should ensure that the LTE UL sounding system is flexible in different cases and in different environments (cell size, system bandwidth, radio channel etc.). Other important goals for the sounding sub-system are sufficient multiplexing capacity, reasonable overhead and minimum signalling complexity. 
Some working assumptions regarding the sounding RS were agreed at RAN #47 held in Riga [1]. First of all, it was agreed that sounding RS & DM RS are in different blocks. Furthermore, it was agreed that CDM is the multiplexing scheme for sounding RSs of same bandwidth whereas the combination of CDM and FDM is used when there are multiple sounding bandwidths.
There are still quite a lot of open issues related to UL sounding. The main questions are related to (1) bandwidth usage of sounding RS (2) practical arrangements for frequency hopping of sounding RS and (3) signaling issues. This contribution presents our views on these issues. 
2. Need for frequency hopping (FH) of sounding RS

As indicated in [3], the excessively wideband transmission of a sounding RS degrades the achievable throughput gain of frequency domain channel-dependent scheduling, particularly for a UE, which is located near the cell boundary. There are some reasons behind the degradation. Wideband RS is actually gathering highly correlated samples from the given bandwidth. This “oversampling” wastes not only the sounding capacity [4] but also generates excessive interference to the other cells. [3]. It is also noted that the channel quality measurement error increases due to the decreased received signal power density when the transmission power of the UE is restricted (see next chapter).
Narrowband sounding using frequency hopping RS solves the problem caused by the “oversampling”. Using FH approach large BW is sounded using narrowband RS.  We note that narrowband sounding is the optimum solution from the (1) multiplexing capacity and (2) system overhead point of view. As indicated in [4] the number of orthogonal RS that can be obtained for a scheduling BW of 1.25 MHz is 8 times larger than the corresponding RS of a scheduling BW of 10 MHz. The only limitation of wideband sounding with FH narrowband sounding RS is that the sounding delay is increased and is directly proportional to the number of frequency hops.
More wideband sounding can be used e.g., for UEs close to the BS. Wideband sounding has an advantage that larger bandwidth can be sounded with the minimum delay (of course with the expense of used resources). 

3. Power Control aspects related to sounding RS

We note that fractional PC results in rather big difference between S(I)NR targets of different UEs. Orthogonality between different sounding RSs will be an issue if these UEs are allocated into the same physical sounding resource. To avoid this problem similar type of power control signalling as for ACK/NACK and CQI transmission should be applied also for sounding RS (i.e., full path-loss compensation) [5]. We note that reducing the S(I)NR target for sounding signal will reduce the amount of interference generated to the surrounding cells (i.e., use of full PC instead of fractional PC). Another way to solve the orthogonality problem is to allocate UEs with similar S(I)NR target into different sounding groups.
UE transmission power is always limited by the maximum transmission power (e.g., 21 or 24 dBm). We note that in large cells (e.g., Case 3) UEs located at the cell edge cannot support wide sounding BW since they can meet the S(I)INR target only using the narrowest BW options.  At the same time UEs located close to the BS can support wider sounding BW. This indicates that in order to utilize sounding RS with higher BWs, we need to allocate UEs having similar path loss into the same sounding groups. Otherwise the sounding RS of cell edge UEs will become severely interfered by the UEs located close to the BS.  

Regarding the channel quality measurement needed by slow power control we note that the sounding RS does not need to be too wideband. One can measure the averaged channel quality fast enough also using narrowband, hopping RS.
4. IFDMA with sounding RS
According to current working assumptions IFDMA can be used to multiplex different sounding RS bandwidths in one sounding RS block. There are contributions [3, 4] presenting different procedures for IFDMA utilization with sounding RS. 
With regards to IFDMA, we do not see an immediate need for multiplexing different sounding BWs in the same physical resource. The question is mainly related to the complexity of sounding sub-system.  Another issue is related to psd-based power control: we may not be able to reach sufficient S(I)NR for sounding RS if we only utilize few subcarriers per coherence bandwidth. The third issue is related to variance estimator. With IFDMA there might be some problems to estimate the variance of interference and noise if there are only few samples that can be averaged out by the variance estimator. 
Our view is that if IFDMA is supported with sounding RS then the maximum repetition factor (RPF) should be limited to a relatively small number (e.g., at maximum 3).
5. Timing Measurement needed by Timing control

UL timing estimation has slightly different requirements than the channel quality measurement related to channel aware scheduling, fast link adaptation and UL PC. Transmission of sounding RS may be needed for maintaining timing estimation if UE does not transmit sufficient amount RS for other reasons.  It is well understood that there is a trade-off between RS bandwidth and frequency for timing estimation. In the case that UE sends sounding RS only seldom, timing estimation needs large enough bandwidth in order to get sufficient time resolution. However, the bandwidth can be reduced if the frequency of sounding RS is increased. Nevertheless, the periodicity of sounding RS needed by timing measurement is much smaller than for e.g., channel aware scheduling. Our view is that the Node-B should have a possibility to configure separate sounding RS for timing measurement and another for channel aware scheduling. These two cases might have different bandwidth allocation and different periodicity.
6. SRS Overhead Issue
One issue to be considered is the overhead caused by the SRSs. We note that overhead caused by the sounding RS will impact not only for the sounding UE but also for the “non-sounding” UEs being scheduled for the sounding bandwidth. We want to avoid the situation where all the scheduled UEs lose the SRS symbol although the sounding RS covers only part of the spectrum.
One solution to avoid this problem is presented in [7]. It suggests that the presence of sounding blocks (in the time dimension) and their occupied frequency range is specified with control signalling that is received by all UEs. The UEs will then know what channel resources are “punctured out” of any UL data assignments. 

We think that the presence of sounding RS in the allocated frequency and time resource should be signaled using a bit field reserved from the UL allocation grant signaling, which is UE –specific (“SRS presence bit”). If the “SRS presence bit” equals to zero, then the user equipment will use all the data blocks for uplink data (and possible data-non-associated control signal) transmission. If the “SRS presence bit” equals to one, then the user equipment will puncture the data/control signals away from the pre-defined data block. 
There seems to be a common understanding of configuring the sounding RS by means of RRC signaling. We note that the sounding can implicitly be switched OFF during a certain TTI. This is achieved by transmitting a zero-valued “SRS presence bit” for the UE being configured for the SRS transmission in the given TTI. UE could interpret this command to switch the SRS OFF in the considered TTI. 
There are some benefits in this UE-specific approach (compared to the common channel approach):

· Simpler implementation (no additional signalling format due to the SRS). 

· No extra burden for the UE related to the detection of the SRS allocation from the common channels

· No additional problems due to HO (common channel needs to be designed in such that it is fast enough also in case of HO)

· No additional error cases due to the possible failure of common channel signalling (UL allocation grant contains all the rate matching parameters) 

· Implicit ON/OFF signalling for the RRC configured SRS is enabled (w/o additional overhead)
7. Proposed Sounding Sub-System
Figure 1 shows the principle of allocation of sounding RS (yellow, grey, green and black colours show the sounding RSs). The characteristics of sounding RS are listed below:
· ZC sequences are used for UL sounding (same as for the DM RS)  

· Sounding is fully configured by the eNode B (RRC signalling) 
· Bandwidth of sounding RS 
· Sequence related parameters (mother code, cyclic shift)

· Frequency and time allocation of SRS (implicit FH signalling)
· Potential antenna hopping

· Potential Repetition Factor (RPF)

· BW of sounding RS is multiple of PRBs 

· We prioritize relatively narrow sounding BWs, such as 1-2 PRB (see Chapter 2)

· Wideband sounding can be obtained via periodic FH of narrowband RS
· Only limited number of BW options should be supported for sounding RS (mainly due to the complexity reasons)
· Multiple UEs can be allocated into a certain sounding group. BW is sounding group specific. Sounding periodicity can vary inside the sounding group.
· We note that the sounding group allocation does not introduce any limitations to the UL data allocation: UL data for the given UE can be scheduled also outside the sounding BW.
· Similar type of power control signalling like ACK/NACK and CQI transmission should be applied for sounding RS (i.e., full path-loss compensation)
· Presence of sounding RS in the allocated frequency and time resource is signaled using one bit in the the UL allocation grant, thus the signaling is UE –specific 
· The placement of the sounding block needs to be optimized taking into account the UL/DL timing and processing time of eNode-B. In TDD, the placement of the sounding reference symbol needs to be optimized taking also into account the UL/DL scheduling and processing time of eNode-B.
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Figure 1. An example of bandwidth allocation for UL data, DM RS and sounding RS.
8. Summary
In this contribution we discussed open items related to UL sounding. Our preferred scheme is based on sounding with pre-defined sounding groups. UEs in the same group have a pre-defined frequency allocation supporting FH of sounding RS.  Our view is that UL sounding should be fully configured by the eNode-B. 
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