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1. Introduction
The basic structure of the uplink (UL) sounding reference signal (SRS) such as the signaling parameters for the UE, support of the repetition factor (RPF) of 2, and support for the cyclic shift was decided during the RAN1 #49bis meeting in Orland. However, there are still many open issues pertaining to the SRS structure that must be finalized. This contribution discusses such open issues for the SRS structure, and presents our preferences.
2. SRS Structure in Time Domain

For the SRS structure in the time domain, its multiplexing in the sub-frame, its transmission interval, and its transmission duration must be decided. In this section, we discuss these issues and indicate our preferences for them.


As illustrated in Fig. 1, UL scheduling and link adaptation has a control delay for sounding, scheduling, UL grant transmission/reception and UL signal generation. Therefore, at least within the cell, the SRS should be transmitted periodically at a constant interval by multiplexing at the same symbol in all the sub-frames, and thus should not hop the symbols to be multiplexed sub-frame by sub-frame. This structure is also beneficial for defining the ACK/NACK signaling in the physical uplink control channel (PUCCH). As described in [1], the structure of the ACK/NACK signal must be defined so that it can be multiplexed with the SRS, and by having fixed the SRS structure, the structure of the ACK/NACK signal in the PUCCH can also be fixed. Regarding the exact position of the SRS, considering the position of the demodulation RS for the PUSCH and PUCCH, the possible symbol positions are limited to the first and last symbols of each slot. Furthermore, when we consider the non-orthogonal multiplexing of the SRS with the physical random access channel (PRACH), the first symbol in the sub-frame is preferred.
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Figure 1 – Periodical SRS transmission for UL scheduling and link adaptation


Regarding the transmission time interval of the SRS, considering the control delay of the scheduling and link adaptation, at least the transmission time interval of 2 msec should be supported. As options for the transmission time interval, we recommend values such as 2, 5, 10, and 20 msec. Here, if adopted, since 5 msec is not a multiple of 2 msec, SRSs with the time interval of 2 msec and 5 msec should be allocated with different frequencies or combs. The time offset of the SRS transmission should also be defined together with the transmission time interval.

Regarding the duration of the SRS transmission, it is desirable that at least the Node B send ON and OFF signalling and reconfigure it. We prefer the MAC-layer signalling to accomplish this.

3. SRS structure in Frequency Domain

For the SRS structure in the frequency domain, the RPF of the SRS, the SRS transmission bandwidth, and the method for frequency hopping must be defined. In this section, we discuss these issues and indicate our preferences.


Regarding the RPF for the SRS, setting the RPF to 2 was agreed at the RAN1 #49bis meeting in Orlando, and whether or not additional values need to be defined was FFS. Since having a larger RPF reduces the number of available SRS base sequences, we prefer not to define additional values for the RPF. For the choice of the transmission comb, 1-bit signaling is used.

Regarding the SRS transmission bandwidth, at least the bandwidths equivalent to 1.25, 5, and 10 MHz should be defined for effective sounding according to the available power to be allocated to the SRS. Figure 2 shows an example of the SRS bandwidth for a 10 MHz system bandwidth. Figure 2(a) shows a case with 2 RBs assigned to the PUCCH. There are three bandwidths for the SRS: one with 6 RBs that is equivalent to a 1.25 MHz bandwidth, one with 24 RBs that is equivalent to a 5 MHz bandwidth, and one with 48 RBs that is equivalent to a 10 MHz bandwidth. In order to multiplex effectively SRSs with these different bandwidths, it is beneficial to assign SRS based on the OVSF code assignment using a tree structure [2]. The OVSF-like assignment is also beneficial in reducing the number of signaling bits used to indicate both the bandwidth and starting position of the SRS. For the frequency band allocated to the PUCCH at the edge of the system bandwidth, the SRS is not transmitted since no link adaptation using the SRS is applied to this frequency band. This means that the bandwidth for the SRS is semi-statically changed depending on the number of RBs assigned to the PUCCH. Figure 2(b) shows an example with 6 RBs assigned to the PUCCH. The bandwidth equivalent to 1.25 MHz becomes either 4 RBs or 6 RBs, that equivalent to 5 MHz becomes 22 RBs, and that equivalent to 10 MHz becomes 44 RBs. Regarding the frequency hopping of the SRS, a cell-specific hopping pattern as described in [2] is applied.
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(a) Case 1: 2 RBs for PUCCH
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(b) Case 1: 6 RBs for PUCCH

Figure 2 – Example of SRS bandwidth for 10 MHz system bandwidth

4. SRS structure in Code Domain

UEs with the same sub-frame and the same frequency band are multiplexed in the code domain using cyclic shift of a Constant Amplitude Zero Autocorrelation (CAZAC) sequence. For this cyclic shift, the maximum number of UEs to be multiplexed should be decided for signaling the cyclic shift value to the UE. With the RPF of 2, the typical maxmum number of multiplexed UEs using the cyclic shift is approximately 3 to 4. Here 3 is equivalent to an 11.1 sec cyclic shift and 4 is equivalent to 8.33 sec cyclic shift. With these values, the number of bits for the cyclic shift value signaling is 2.
5. Conclusion
The following is a summary of this contribution.
· SRS structure in the time domain 
· Multiplex to a cell-specific or one specified symbol in a sub-frame (either first or last symbol within a slot)
· Support at least a 2 msec transmission time interval
· SRS structure in the frequency domain
· RPF is fixed to 2, and the transmission comb is signaled with 1 bit
· At least three bandwidths equivalent to 1.25, 5, and 10 MHz bandwidth are defined for the assignment of SRS based on OVSF code assignment using a tree structure. 
· No sounding in the PUCCH band.
· SRS in the code domain
· Cyclic shift of a CAZAC sequence is signaled with 2 bits considering typical environment
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