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1. Introduction
The study and evaluation item for enhancement uplink transmission has three reference signal topics as follows

· Frequency hopping with or without multi-shot SRS
· Aperiodic sounding based on non-precoded DMRS
· RS enhancement for cell-edge UEs, e.g., Orthogonal DMRS among cells
In this contribution, we provide our point of view the aperiodic sounding using non-precoded DMRS.
2. Rel-10 aperiodic SRS and sounding using DMRS region
2.1. SRS capacity and restrictions
To increase SRS capacity, several techniques have been discussed in the early period of Rel-10 and among them the dynamic aperiodic sounding has been approved. In Rel-11, it is expected that each cell would serve more UE than Rel-10 network including CoMP mode UE and/or the UE configured with multiple transmissions, as a result, it is also expected that the more resource should be required for SRS transmission. To reflect the increased SRS resource requirement, Rel-11 network would need more subframes to be configured for the SRS transmission. It will cause the rate matching frequently happen for PUSCH. In addition, it would also cause the frequent SRS transmission drop since the simultaneous transmission between PUSCH and SRS is not permitted. And also SRS should be drop if SRS coincides with PUCCH format 2/2a/2b or format 1/1a/1b/3 when Simultaneous-AN-and-SRS is False
Though Rel-10 provides noticeable capacity enhancement for SRS, to support Rel-11 schemes and to satisfy various Rel-11 scenarios, it seems we still need to elevate the SRS capacity.
2.2. Sounding using non-precoded DMRS
To enhance the SRS capacity, transmission of sounding reference signal based on non-precoded DMRS has been introduced [2][3]. It was suggested that uplink sounding could be performed via unused DMRS resource, and during the Rel-10 discussion, the benefits of non-precoded DMRS has been provided. We commonly understand that sounding on DMRS resource would provide these benefits

· Enhance SRS capacity: While sounding transmission has been restricted to RRC-configured subframes but using DMRS resource for sounding will enlarge the SRS resource in a new dimension

· Guaranteed PUSCH transmission: Sounding on DMRS region need not rate matching for PUSCH on the last symbol for sounding transmission

· Enhance the accuracy of channel estimation: Since RPF would be 1 for DMRS, adjacent cyclic shifts are more robust against CDM interference than SRS which use RPF=2 and also since the resource elements for sounding would be increased, the channel estimation performance would be enhanced.
· Flexible application in CoMP: Considering the sounding transmission in CoMP, to avoid the interference between SRS transmission, the same cell specific SRS subframes should be configured by RRC among CoMP sets. If the RRC-configured SRS subframes would not be shared among CoMP set, the sounding would be transmitted to each CoMP set separately at different subframe, or additional signaling may be needed to avoid significant interference between sounding transmission and coordinated cell UE’s PUSCH transmission. Since sounding via DM RS resource would not require any cell specific subframe configuration or restriction, the sounding using non-precoded DMRS could be applicable in CoMP without any concern about SRS subframe configurations among CoMP sets, and it would not make an affect on SRS transmission from non-CoMP UEs
3. Further considerations for sounding via DMRS resource
3.1. Considerations for sounding on DMRS region
To multiplex sounding via non-precoded DM RS with other UE’s PUSCH, the eNB should schedule the sounding not to cause severe interfere to other UE’s PUSCH transmission. The first method to assign orthogonal resource is to allocate different cyclic shifts between sounding and DMRS on PUSCH. To guarantee the orthogonality between non-precoded DMRS and other UE’s PUSCH DMRS, sounding should be performed at the same band used for DMRS transmission and these two reference signals should be distinguished by different CS value. As a second method, we would apply different OCC(Orthogonal Cover Codes) to non-precode DMRS and (partially) overlapped PUSCH DMRS. In this case, since partial overlapping can be supported, the sounding bandwidth, position would be assigned without restriction.
According to the previous discussion, sounding via DMRS resource could be indicated in two signaling approaches. The indication including DMRS resource used for sounding and/or triggering of sounding via DMRS resource could be delivery by downlink control channel or RRC. It would be a general understanding that indication via control channel provides flexibilities for sounding resource management, but indication via RRC could be achieved without any signaling overhead. In this section, we discuss the multiplexing scheme and related signaling issues.
3.2. Discussion points for sounding on DMRS region
The aperiodic sounding via DMRS resource could be a feasible candidate of reference signals to enhance uplink transmission, to accomplish it, some conditions should be satisfied as mentioned above. Sounding using DMRS resource has to be assigned to ensure the orthogonality with PUSCH DMRS and it should not increase much the PDCCH overhead. Also, the PUSCH scheduling restriction caused by sounding should be minimized.
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<Figure 1> SRS transmission via DMRS region with OCC

The discussion points for sounding on DMRS region could possibly be categorized whether OCC is applied for sounding or not. Figure 1 shows sounding reference signal on DMRS region where OCC is applied for. In this case, sounding reference signal would be transmitted through 2 slots. If OCC is used to support orthogonal multiplexing for sounding, any scheduling restrictions except OCC configuration for PUSCH DMRS would not be imposed for PUSCH transmission. Since non-precoded DMRS would not cause much scheduling restriction to PUSCH transmission, because non-precoded DMRS and PUSCH DMRS are separated by OCC, RRC configuration could be used to indicate sounding. But to enhance the scheduling flexibility, it could be considered only CS and/or OCC are signaled with minimizing signaling overhead
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<Figure 1> SRS transmission via DMRS region without OCC

If OCC is not applied for sounding on DM RS, when sounding reference signal is multiplexed with DM RS of PUSCH, sounding band would be constrained to be the same with multiplexed PUSCH band as shown in figure 2. In this case, considering the scheduling restrictions which is required to guarantee orthogonal multiplexing with PUSCH, the best way is to indicate sounding resource dynamically e.g. bandwidth, cyclic shift etc. But to prevent additional PDCCH overhead, it could be a way to reinterpret the DCI format for UL grant to include both PUSCH and sounding on DMRS. 
Proposal 

· We support the sounding by using DMRS resource and it can be discussed with various approaches
4. Conclusion
This contribution presents our point of view on sounding using non-precoded DMRS. We propose as follows

Proposal

· We support the sounding using DMRS resource and it can be discussed with various approaches.
References

[1] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures"
[2] R1-101076, “Views on SRS capacity enhancements in Rel.10” Huawei, February 2010.
[3] R1-101077, “Sounding capacity enhancements using DMRS”, Huawei, February 2010.
[4] R1-101134, “Views on SRS Enhancements for LTE-A,”,Motorola, February 2010.




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































