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1. Introduction
This contribution considers the interaction of the sounding RS (SRS) transmission and the PUCCH transmission while preserving the single-carrier property of the E-UTRA UL SC-FDMA transmissions. In particular, the focus is on requirements for the SRS transmission, the identification of blocks where SRS transmission can occur, the implications and possible modifications on the PUCCH transmission, and finally some overall system design aspects.

Several past contributions have considered aspects for the SRS transmission. It is generally accepted that the SRS is periodically transmitted and the number of sub-frames per frame having SRS transmission can vary, depending on the system load.
2. Multiplexing SRS and PUCCH Transmissions
It has been decided that TDM is applied between the SRS and the PUSCH transmissions in order to maintain the properties of single carrier and intra-cell orthogonal transmissions. The multiplexing between the SRS and the PUCCH is now further considered [1]. As the SRS does not need to be transmitted in the PUCCH region, the SRS and PUCCH multiplexing is an issue only when a UE needs to support both during the same sub-frame. 

Clearly, in order to preserve the single carrier property of the UL transmission, TDM is also needed for the SRS and PUCCH multiplexing. However, applying the same concept as for the PUSCH and suspending PUCCH transmission has further implications, mainly due to orthogonal time multiplexing of ACK/NAK signals. The alternative is to change the multiplexing rule for the PUCCH (relative to the PUSCH) and suspend SRS transmission from a UE having simultaneous PUCCH and SRS transmissions. However, this approach also has disadvantages, with the obvious ones being the impact on scheduling efficiency and probably more importantly on power control, especially if SRS transmissions are relatively sparse (e.g. every 10-12 msec as for distributed scheduled UEs) and multiple SRS transmissions are suspended.  

In some cases, the above issues can be avoided with proper system design. In the following, the PUCCH is distinguished between CQI and ACK/NAK transmissions. Moreover, the ACK/NAK transmissions are further distinguished between the ones associated with (semi) persistent scheduling and the ones associated with dynamic scheduling.

As both the DL CQI and SRS transmissions are periodic in the UL, the impact of simultaneous CQI and SRS transmissions from a UE can be avoided by having the eNB schedule these two transmissions at different sub-frames (neither the CQI nor the SRS from the same UE require transmission every sub-frame). In case the CQI or SRS transmission is not periodic, it is configurable and the same outcome can apply. Therefore, simultaneous CQI and SRS transmission from the same UE can be avoided.

The same concept can apply to the ACK/NAK transmission associated with persistent scheduling and the SRS transmission from the corresponding UEs can be configured to occur at a different sub-frame. Taking into account the support for macro-sleep, the SRS transmission should preferably occur in the sub-frame immediately before or after the one carrying the ACK/NAK transmission. 
Simultaneous transmission of SRS and ACK/NAK associated with dynamic scheduling may not be avoided. In principle, with DL scheduling restrictions, simultaneous ACK/NAK and SRS transmissions can be precluded as the eNB knows the periodic (or configurable) transmission pattern for the SRS. This would imply that UEs are grouped according to their SRS transmission sub-frame and their scheduling is not allowed in a previous sub-frame defined by the decoding latency in the DL. However, apart from a more complicated scheduler and some DL throughput loss and additional latency, SRS transmission period should also not coincide with ACK/NAK signaling for HARQ retransmissions, thereby imposing additional constraints on the SRS transmission period. 

The two options of suspending data non-associated ACK/NAK transmission in the symbol where the SRS is transmitted or suspending the SRS transmission in the sub-frame where data non-associated ACK/NAK is transmitted are now further examined. The first option should have a minimal or no impact on the ACK/NAK multiplexing capacity and performance. The second option should have minimal impact on functions associated with SRS signaling, such as UL power control and UL data scheduling (UL timing adjustment is deemed infrequent enough to not be affected).
Figure 1 shows the modification in ACK/NAK multiplexing in one slot to support simultaneous SRS transmission. The ACK/NAK multiplexing in the other slot is not changed. Time domain multiplexing capacity is not affected as it is constrained by the DM RS. The SINR loss is equal to 10*log10(14/13) or 0.32 dB. In terms of coverage for the desired ACK/NAK BER, the impact is negligible as a BER below 10-3 is already achieved at -8 dB SINR as shown in several contributions (e.g. [2]).

[image: image1]
Figure 1: No ACK/NAK Transmission in the First Symbol of the First Slot due to SRS Transmission.
The advantage of suspending ACK/NAK transmission in one symbol in order to allow SRS transmission is the predictability of the overall design. Multiplexing capacity is not affected. The disadvantage is about a 0.32 dB performance loss but the impact on coverage is negligible (and practically, only for the NAK and only for a very small fraction of UEs).  
Alternatively, a different rule than for the PUSCH can be applied and the SRS transmission, instead of the ACK/NAK transmission, can be suspended. The advantage of this approach is that the 0.32 dB performance loss in the ACK/NAK BER can be avoided. The disadvantages are some waste in SRS multiplexing capacity and some losses in the UL throughput due to the occasional absence of an SRS and some additional inaccuracy in the power control for the PUSCH and PUCCH. These losses are difficult to quantify, even through simulations, and they depend on the traffic characteristics for a UE and the SRS transmission period. For UEs with distributed scheduling where the SRS transmission period is in the order of 10-12 msec, suspending possibly multiple SRS transmissions will affect power control accuracy.

Between the two options, our preference is to suspend ACK/NAK transmission in one symbol, mainly because of its predictable and trivial impact, while avoiding any unpredictable system consequences from the, possibly multiple, suspensions of SRS transmission as this affects several system functions.

3. SRS Location
Several design constraints also exist for the symbols of the UL sub-frame where the SRS is placed and for their co-ordination among cells and eNBs. Some initial analysis has been presented in [3]. 

Clearly, the SRS cannot be placed on the middle symbol of a slot because it contains the DM RS. Depending on the multiplexing of simultaneous ACK/NAK and SRS transmissions (that is, SRS transmission is not suspended), the SRS may also not be placed on the two symbols adjacent to the middle one (third and fifth symbols) in a slot because they contain the DM RS for the data non-associated ACK/NAK. Another reason for not placing the SRS in the third and fifth symbols of each slot is that it is preferable to place the data-associated control signaling in these symbols [4]. Additionally, the data-associated control should not be spread over many symbols of the sub-frame as this will further reduce the possible SRS positions. Therefore, the available symbols in each slot for SRS transmission are the first, second, sixth, and seventh for a total of 8 possible positions per sub-frame. Figure 2 illustrates the possible SRS locations in a sub-frame.

[image: image2.emf] 

One  Sub - Frame   

1  Symbol  

One  Slot   

DM RS  

Control  

Possible SRS Location  


Figure 2: Available UL Sub-Frame Symbols for Possible SRS Transmission

For synchronous systems, it is beneficial to avoid SRS overlapping among adjacent cells and eNBs because the SRS transmission should experience interference from data and not from other SRS in order for scheduling and power control to be effective. If these SRS were co-located, as the SRS from several UEs are multiplexed in the same BW (through cyclic shifts), interference spikes would occur affecting AGC operation and increasing A/D resolution requirements. This may be further reinforced by the likely boosting of the SRS transmission power, if possible, as the SRS is typically spread over a wider bandwidth than the data and the power per RB is reduced.      

The available time locations to separate SRS transmissions among adjacent cells should be determined by the worst case scenario of fully loaded cells and should not be viewed in terms of available symbols per slot or per sub-frame, but in terms of the SRS transmission period. For example, if sufficient frequency of SRS transmissions from all UEs can be accommodated with SRS transmission in every other sub-frame, there are 16 possible locations for the SRS placement. Depending on the selection of the DM RS sequences for 1 RB allocations and the period of SRS transmission, the planning requirements may be similar for the SRS and the DM RS (e.g., for 1 RB, the RS sequence is generated according to [5] and there are 22 DM RS sequences available as the limitation in the number of sequences is then for 2 RB allocations). Coordinated hopping of the SRS position within groups of cells having different SRS location and random hopping among groups may also be performed per SRS transmission period or at a slower basis, mainly to equalize possibly different scheduling delays associated with different SRS positions and randomize interference in case planning is not adequate. 
For asynchronous systems, planning needs to be only among cells of the same eNB and this can be easily achieved. The SRS placement should be in the symbols minimizing scheduling latency which is an implementation issue depending on the scheduling latency after the SRS is received. In general, if the SRS is also used for channel estimation, it should be placed at the beginning or end of a slot in order to possibly improve channel estimation for high UE speeds, whenever applicable.

4. Conclusions
This contribution considered the multiplexing of simultaneous SRS and PUCCH transmissions from a UE and the placement of the SRS in the UL sub-frame.

For transmission of DL CQI or ACK/NAK from persistent scheduling, simultaneous transmissions with the SRS can be avoided due to the periodicity of such signaling. For ACK/NAK associated with dynamic scheduling, two options exist. Either the ACK/NAK transmission in one symbol is suspended or the SRS transmission is suspended. Between the two options, suspending ACK/NAK transmission in one symbol of one slot seems preferable due to the full predictability and negligible impact of its effect. 

Regarding the SRS placement, 8 symbols in every sub-frame are available by restricting the data-associated control signaling only to the symbols adjacent to the DM RS. For 2 msec SRS transmission period (or 4.3% SRS overhead), there are 16 possible locations. For synchronous systems, similar planning as for the allocation of DM RS sequences over 1 RB can be applied. For asynchronous systems, the planning needs to be confined only within the same eNB.
References:
[1] R1-073116, “Uplink Channel Sounding RS Structure”, Samsung
[2] R1-071572, “Uplink ACK/NACK Signaling Evaluation”, Samsung
[3] R1-072341, “Further Considerations on UL Sounding RS”, LGE
[4] R1-073094, “Control Signaling Location in Presence of Data in E-UTRA UL”, Samsung
[5] R1-072206, “Design of CAZAC Sequences for Small RB Allocations in E-UTRA UL”, TI
















































































































































































































































































































































ej





-1





























ACK/NAK





RS





1 RB





1 slot





Freq.





Time























ej2





+1





+1





-1





+1





ej





ej2





ej2











ej





+1





+1





Not


Used


























SRS is Transmitted


In First Symbol








1

_1243071347.doc


























































One  Sub-Frame 







1 Symbol











Control















One  Slot 







Possible SRS Location























DM RS
































