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1. Discussion

1.1. Sounding bandwidth

The sounding bandwidth is the bandwidth spanned by a single sounding-reference-signal (sounding-RS) transmission

It should be possible to have a sounding bandwidth corresponding to, more or less, the entire bandwidth over which the UE can be scheduled. The following should then be noted:

· The core LTE radio-access specification supports any bandwidth (measured in integers of the resource-block size), ranging from 6 resource blocks up to more than 100 resource blocks, i.e. not just “1.25 MHz”, “2.5 MHz”, “5 MHz”, “10 MHz”, “15 MHz”, and “20 MHz”. Clearly this should, at least to some extent, be reflected in the set of sounding bandwidths supported by the same specification. 

· Even for a given overall transmission bandwidth, the bandwidth available for scheduling of the PUSCH will differ somewhat due to assignment of variable amount of resources for PUCCH. Furthermore, any sounding reference signal should not be transmitted within the frequency bands of the PUCCHs.

· In case of highly frequency-selective channels (small channel coherence bandwidth), it may be beneficial to, at least in some cases, limit the scheduling bandwidth of a given UE, and thus also the corresponding sounding bandwidth, to more narrow bandwidth.

Thus the LTE radio-access specification should support very different sounding bandwidths, ranging from a bandwidth at least not larger than the smallest possible overall transmission bandwidth (6 resource blocks) up to close to the maximum overall transmission bandwidth (currently 110 resource blocks according to TS 36.211) with a relatively fine granularity. 

As an alternative to a wide sounding bandwidth, the use of a more narrowband bandwidth in combination with frequency hopping has been proposed. In some cases this may be beneficial. However, it is also easy to identify scenarios where such an approach would not be the most efficient way of sounding a wide overall bandwidth.

As an example, consider a scenario with a relatively large coherence bandwidth and where the UE transmit power is sufficient to provide sufficient channel-quality estimation with a wide bandwidth in a single sounding-RS transmission. In that case, the use of a wide-bandwidth sounding RS would provide the possibility to sound the corresponding bandwidth in a single transmission instant, thus minimizing the time resources (symbols) that need to be assigned for sounding. In contrast, with a more narrowband sounding bandwidth in combination with frequency hopping, more time resources need to be assigned for sounding, leading to, at least, reduced user throughput.

Altogether, this speaks in favor of specifying a relatively high degree of flexibility in the sounding bandwidth. Especially, the sounding bandwidth should not be limited to a small set of absolute values independent of the system bandwidth. 

1.2. Sounding RS structure in the frequency domain

In general, the frequency-domain structure of an arbitrary reference signal can be described by three parameters, see also Figure 1.

· The number of transmitted sub-carriers (eight in Figure 1)

· The separation  between transmitted sub-carriers
 (six in Figure 1)

· The position (offset) of the first transmitted sub-carrier (three in Figure 1)

The sounding bandwidth is then given by the number of and separation between transmitted subcarriers.
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Figure 1 Sounding RS structure in the frequency domain
1.2.1 Number of transmitted subcarriers

It is assumed that the sounding reference-signals are derived similar to the PUSCH (and PUCCH) reference signals, i.e. by means of frequency-domain truncation or extension of Zadoff-Chu sequences
. The PUSCH reference signals have a length (in the frequency domain) that is a multiple of twelve. One possibility would be to reuse the basic PUSCH sequences also for the sounding RS, implying that the number of transmitted subcarriers for the sounding RS should be limited to a multiple of twelve. The same base-sequence grouping and reuse strategy could then be used for the sounding-RS base-sequences as for the PUSCH base sequences, implying that no explicit signaling (broadcast system information) would be required for the sounding-RS base-sequence assignment.

1.2.2 Sub-carrier separation

Different sub-carrier separations should be supported in order to

· Be able to match different channel conditions with larger sub-carrier separation in case of larger channel coherence bandwidths

· Be able to support different number of (frequency multiplexed) UEs
1.2.3 Offset

The offset can be used to support the simultaneous transmission of sounding-RS within the same band from multiple UEs (frequency multiplexing). The offset can also be used to move a specific sounding RS covering only a fraction of the overall cell uplink transmission bandwidth to the appropriate band. Finally, by applying a time-varying offset, frequency hopping for the sounding RS can be provided. Thus both large and small offsets should be supported. 
1.3. Sounding RS structure in the time domain

In relation to sounding two types of symbols can be identified:
· Symbols when a given UE should transmit sounding reference symbols (“active sounding symbols”) 

· Symbols when other UEs within the cell may transmit sounding reference symbols and thus symbols within which a UE within the cell should not carry out any PUSCH transmissions (“idle sounding symbols”)

· The union of the active sounding symbols and the idle sounding symbols is here referred to as “sounding symbols”

The sounding symbols should have a period of at least one subframe (one sounding symbol per subframe) with a possibility for reduced rate (increased period), such as two subframes (one sounding symbol in every second subframe), five subframes (one sounding symbol in every fifth subframe), and ten subframes (one sounding symbol every ten subframes). In case of a lower-rate sounding, one of the sounding symbols should always be in subframe #0
 (FFS for TDD).

The sounding-symbol period should be signaled as broadcast system information. 

For a given UE, the active sounding symbols should be a subset of the sounding symbols. The period and time-offset of the active sounding symbols should be provided as part of the dedicated configuration of sounding of each UE. 

By selecting different offsets, sounding reference signals of different UEs can be time multiplexed, in addition to the frequency multiplexing described above.

2. Proposal

The sounding RS structure in the frequency domain consists of:

· Number of transmitted subcarriers (dedicated configuration)

· Sub-carrier separation (dedicated configuration)

· Frequency-domain offset (dedicated configuration). The configuration of frequency-domain offset should allow for frequency hopping of the sounding RS.

A high-degree of flexibility should be supported for both the number of transmitted subcarriers and the sub-carrier separation, in order to be able to match the sounding RS to different environments and scenarios. 

The set of base sequences used for the sounding RS should be the same as for the PUSCH RS, implying that no explicit signaling is required for the sounding-RS base-sequence assignment.

The sounding RS structure in the time domain consists of:

· Period of sounding symbols (one subframe, two subframes, 5 subframes, and 10 subframes) [broadcast system information]

· Period of active sounding symbols (every sounding symbol, every 2nd sounding symbol, every 4th sounding symbol, etc.) [dedicated configuration]

· Time-domain offset of active sounding symbols (dedicated configuration)

� This is sometimes also referred to as the “repetition factor” (RPF). However as the term repetition factor is heavily associated with IFDMA and the sounding reference-signal discussed here has nothing to do with an IFDMA kind-if-transmission, we believe that the term “repetition factor” is not suitable.


� For smaller resource allocations, other sequences may be used, as outlined  e.g. R1-072206


� Or in some other pre-defined subframe. The key thing is that a specific configurable offset for the sounding symbols is not needed. 
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