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1. Introduction

This paper discusses the parameterization of uplink sounding-reference-signal (SRS) transmission and the corresponding configuration of UEs with respect to these parameters. 
2. SRS parameters

2.1. Frequency-domain parameters

Figure 1 illustrates the frequency-domain structure of SRS transmission (RPF = 2 assumed in the figure). 

[image: image1.emf] 

Comb = 0

Comb = 1

Sounding BW 

(24×K sub-carriers, K=1 in this case)

Frequency-domain

position

K>1

Comb = 0

Comb = 1

Sounding BW 

(24×K sub-carriers, K=1 in this case)

Frequency-domain

position

K>1


Figure 1 SRS transmission, frequency-domain structure (RPF = 2)

Repetition Factor (RPF)

At RAN1 #49bis, RPF = 2 was agreed with any other values for the RPF being FFS. This agreement can be interpreted so that RPF = 2 is always to be used for SRS transmission. However, in light of RAN1 #47bis, the agreement can also be interpreted so that RPF = 2 is to be used when SRS transmissions of different bandwidths are multiplexed within a cell while, in case of a single sounding bandwidth, RPF = 1 should be used. Our preference is to specify a single value for the RPF which, based on the agreement of RAN1 #49bis, should be RPF = 2. As an alternative, a single value RPF = 1 could be specified. This would somewhat limit the possibility to multiplex SRS with different bandwidths in the same symbol. However different sounding bandwidths could still be supported by means of TDM (transmission of SRSs of different bandwidth in different subframes) or by means of non-overlapping FDM (RPF > 1 only required in case of FDM of, in the frequency domain, overlapping SRS transmission).

In addition to additional complexity, specifying more than one RPF also implies that a UE must be explicitly configured with the RPF to use, i.e. additional signaling.

SRS bandwidth
At RAN1 #49bis it was also agreed that SRS transmission should be based on the same sequences as the uplink demodulation reference signals (DM RS). We understand this so that the set of frequency-domain sequences applied to the IFFT should be the same for SRS transmission as for DM RS transmission. However it does not imply that any specific relation necessarily exists between the sequences actually used for SRS and DM RS transmission within a cell.

As the DM RS sequences are defined for any number of resource blocks, i.e. DM RS sequences exist for any (frequency-domain) length Nbs = K×12, it is, from a sequence point-of-view, possible to provide SRSs of any bandwidth corresponding to an even number of resource blocks. 

We do not believe that, from a UE-complexity and testing-effort point-of-view, there are any strong reasons to limit the SRS bandwidth to very few values. The main reason to limit the number of possible sounding bandwidths is the signaling effort needed to configure a UE with a certain SRS bandwidth. One could e.g. consider limiting to the SRS bandwidth to eight (or perhaps even four) different  values. It should then be noted that the absolute values of these bandwidths do not need to be the same for all system bandwidth. Rather, the set of supported SRS bandwidths should depend on the overall cell uplink bandwidth, ranging from a minimum SRS bandwidth of e.g. two resource blocks up to a maximum SRS bandwidth corresponding to the overall uplink cell bandwidth (more likely to cell bandwidth not including the resource blocks assigned for PUCCH). 

Assuming that multiple SRS bandwidths can be used in a cell, the sounding bandwidth must be configured for each UE separately. 
Frequency-domain position (referred to as “starting bandwidth position” in the decision of RAN1 #49bis)
The frequency-domain position of the SRS transmission needs to be explicitly provided to the UE in case of an SRS bandwidth smaller than the overall system bandwidth. Similarly to the SRS bandwidth, we believe that the only reason to limit the frequency-domain position within the specification is to limit the amount of signaling (number of bits) needed for the reference-signal configuration. Our proposal is three bits of information allowing for eight different frequency-domain positions. Similar to the sounding bandwidth the exact interpretation of the three bits should depend on the actual system bandwidth. In case of a frequency-hopping SRS, the same bits could indicate the frequency-hopping pattern. 
Transmission comb

The transmission comb (ranging from 0 to RPF - 1) determines the exact frequency-domain position of an SRS transmission in case of RPF larger than one. In case of RPF = 2, the comb parameter can thus take the values 0 and 1. Each UE should be explicitly configured with a value for the comb parameter, i.e. there should not be a direct relation between e.g. the comb parameter and the SRS bandwidth. One reason is that we clearly foresee the possibility for more than two SRS bandwidths even in case of RPF = 2. Note that, in case of RPF = 1, there is no comb parameter.

2.2. Time-domain parameters

Figure 1 illustrates the time-domain structure of sounding-reference-signal transmission. 
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Figure 2 Sounding-reference-signal transmission, time-domain structure

Transmission period
The transmission period determines the time, measured in number of subframes, between the transmissions of sounding reference symbols of a given SRS. One possibility would be to support 4 different periods, e.g. 2 ms, 10 ms, 40 ms, and 160 ms, implying the need for two bits of signaling to configure the SRS transmission period. Alternatively, three bits of signaling could be used, implying up to eight different values for the SRS transmission period. The transmission period should be configurable on a UE basis.
Transmission time offset

The transmission time offset, i.e. the exact subframe (within the transmission period) in which the SRS transmission is to take place, is needed as a configurable (per-UE) parameter in order to time multiplex SRS transmissions from different UEs in a cell. Three to four bits of information should be sufficient for signaling of the transmission time offset.
Duration
As discussed below, we believe in a MAC- or L1/L2-control-based enabling/disabling of SRS transmissions. However, due to the inherent low robustness of such signaling, compared to e.g. RRC signaling, we believe it to be valuable to be able to configure SRS transmissions with a certain duration parameter indicating the number of sounding reference symbols to be transmitted. This would also allow for a reduced signaling in case of frequent enabling/disabling of SRS transmissions (extreme case: one shot SRS transmissions). Three bits is probably sufficient for signaling of the duration parameter. The range of values of this parameter should include the values 1 (one-shot SRS transmission) and “infinity”, indicating that the SRS transmission has to be explicitly disabled.
Sounding symbol

The sounding symbol defines the symbol (within the subframe) in which the sounding reference symbol is to be transmitted. It has been argued that this should be configurable in order to transmit the sounding reference symbol in different symbols for different (neighbor) cells, thereby avoiding interference between sounding reference signals of the different cells. 

We are not fully convinced about the benefit of this and believe that the use of a single symbol (within the subframe) for sounding reference-signal transmission is preferred from a complexity and signaling-effort point-of-view. 

If the sounding symbol is configurable, this parameter should be the same for all UEs within a cell. Thus it can be broadcast as a cell-specific parameter, i.e. does not need to be provided on a per-UE basis. In this case at least two bits of information are probably required.

2.3. Sequence parameters

Base sequence group
The set of base sequences used for SRS transmission should be the same as for DM RS (without necessarily assuming any relation between the actual SRS and DM RS sequences used in a cell). Clearly it also makes sense to use the same base-sequence grouping as for DM RS. The base-sequence group used for the SRS transmission should be the same for all UEs within the cell. As simultaneously transmitted SRSs of different UEs within a cell should be separated by means of different shifts of the same base sequence, it does not seem to be important to allow for the same base-sequence group to be used in neighbor cells (cell separation by means of different shifts). Thus, in contrast to PUSCH DM RS, it seems possible and beneficial to tie the SRS base-sequence group to use in a cell to the Cell ID. One could then also consider a one-to-one relation between the base-sequence group used for SRS transmission and the PUCCH DM RS within a cell. 

Cyclic shift

It was agreed in RAN1 #49bis to support both cyclic-shift hopping and a fixed cyclic shift for the SRS transmission. However, it is not really clear what is the drawback of using cyclic-shift hopping for SRS transmission. Thus we propose that cyclic-shift hopping should always be used for SRS transmission. Different UEs within a cell should then be configured with different “phases” of the same hopping sequence while different hopping sequences should be used in neighbor cells. The hopping sequence could e.g. be tied to the base sequence used, i.e. to the cell ID (assuming the base sequence is tied to the cell ID). The “phase” to be used by a given UE must be configured on a per-UE basis (three bits of information). 

3. Sounding configuration

It should be clear from the discussion above that SRS transmission implies a large number of parameters that need to be provided by the network on a per-UE basis. These parameters include:
· Transmission bandwidth (2 or 3 bits of information)

· Frequency-domain position / frequency-hopping pattern (3 bits of information)

· Transmission comb (0 or 1 assuming RPF =2)

· Transmission period (2 or 3 bits of information)

· Transmission offset (3 or 4 bits of information)

· Duration (3 bits of information)

· Cyclic shift parameters (cyclic shift or “phase” in case of cyclic-shift hopping, 3 bits of information) 

In addition, the sounding symbol (2 bits of information) needs to be broadcast as part of the system information. 

It is clear that the full set of parameters to be configured on a per-UE basis cannot be provided to the UE every time an SRS transmission is to be initiated. Furthermore, it is clear that many of these parameters will be the same for consecutive SRS transmissions.

Thus it makes sense to separate the per-UE configuration related to SRS transmission with the actual initiation of SRS transmission. More specifically, the configuration of the SRSs could be done by means of RRC signaling while the actual initiation (enabling) of the SRS transmission could be based on MAC or L1/L2 control signaling. Similarly MAC or L1/L2 control signaling could disable the SRS transmission.

4. Proposal

It is proposed that the above parameters are agreed on and reflected in an update of the L1-parameters-to-be-configured-by-RRC document (R1-073221).
It is further proposed that a liaison statement is sent to RAN2 summarizing the above conclusions on the SRS transmission.
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