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1. Introduction
During the email discussion on Rel-11 SI, some companies suggested continuing study of some unapproved issues in Rel-10 in the aspects of UL RS, UCI transmission etc. On UL RS, the following are listed for study:
·    Study and evaluate enhancement of the uplink reference signals, e.g.
· 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   
Anyway, we don’t think it beneficial to put too much time on some issues which had been fully discussed in Rel-10. We represent our views on UL RS in this contribution, and more attention is paid to the new subject, e.g. RS enhancement for cell-edge UEs. 
2. Discussion
2.1. Frequency hopping with or without multi-shot SRS
Multi-shot SRS had been discussed for several meetings in Rel-10. Multi-shot SRS is beneficial for wideband sounding and accurate sounding estimation. However, it will also consume more SRS resources and bring additional complexity for resource allocation and scheduling. If no SRS multiplexing enhancement is introduced, there may be not enough resource for multi-shot SRS especially with multi-port. Furthermore, some issues which had been solved for one-shot SRS via sufficient discussion should be reconsidered for multi-shot SRS, e.g. collision among multiple triggers, triggering in UpPTS etc. 
Proposal 1: Multi-shot SRS would introduce significant scheduling and specification complexity, and can be considered with low priority in Rel-11.
If multi-shot SRS is agreed, frequency hopping among the multiple shots activated by one trigger should be considered for wider sounding BW. The configuration and hopping mechanism can be similar to that of periodic SRS in Rel-8. Nevertheless, as only one-shot SRS is introduced in Rel-10, whether and how to support frequency hopping in one-shot case needs more study. Since the resources and the triggering for aperiodic SRS is discrete in time domain, sounding in some BWs may be lost, and the latency among the multiple sounding is uncertain. If there are no sufficient triggering opportunities and SRS resources, continuous sounding with hopping is not possible and the benefits from frequency hopping will be limited. 
Proposal 2: frequency hopping can be supported only if it can work efficiently associated with one-shot SRS and without significant specification impact. 
2.2. Aperiodic sounding based on non-precoded DMRS
Aperiodic sounding using DMRS was proposed in many contributions in Rel-10[1][2]. SRS can be multiplexed with DMRS using orthogonal but non-precoded DMRS sequence to obtain additional SRS resource. For wideband sounding, OCC can be exploited to ensure the orthogonality among SRS and DMRS of multiple UEs in different subbands if available. If there are reserved resources without any data scheduling, the resources can directly be used for sounding via non-precoded DMRS transmission without data. To fully evaluate this scheme, the following issues should be noticed.
In Rel-10, OCC can be used for orthogonality among DMRS ports of a UE or different UEs especially with different BWs. Then the scenarios to exploit OCC to separate SRS and precoded DMRS will be greatly limited. For example, it can’t be multiplexed with UE with rank larger than2 or MU-MIMO UEs. There are also some other scenarios that OCC is not usable, e.g. for UEs in high speed or configured with activation of group hopping. If OCC is not effective enough, the application scenarios as well as benefits of DMRS based sounding will be very limited, and wideband sounding is also not possible. Regarding sounding in reserved sources, we don’t think it is needed since the blank resources will occur only when there is little scheduling requirement, in which scenario the current SRS resource will be very sufficient.
On the other hand, new DCI format should be introduced for triggering of non-precoded DMRS without data. Considering UL grant without data scheduling was not supported in Rel-10, additional specification effort is needed for designing DL signalling. The scheduling complexity may also be a problem since only DMRS of few UEs can be multiplexed as mentioned before. Hence, we don’t think there is more benefit than drawback to introduce aperiodic sounding based on non-precoded DMRS.
Proposal 3: Aperiodic sounding based on non-precoded DMRS is FFS in Rel-11.
2.3. RS enhancement for cell-edge UEs
Orthogonal DMRS among cells
In Rel-8, when generating RS base sequence, sequence-shift pattern 
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 of PUSCH can be configured different from that of PUCCH for MU-MIMO between UEs in different cells belonging to a site. The UEs in two cells using the same PUSCH resource can be configured with the same DMRS base sequence and different cyclic shifts for orthonogility. However, timeslot level CS hopping is also supported for inter-cell interference randomization in Rel-8. Since the CS hopping pattern 
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is obtained according to cell ID and independent in different cells, the inter-cell DMRS orthonogility mentioned above will be broken. Hence orthogonal DMRS in PUSCH among intra-site cells can’t be well supported by current specification. For inter-site case, orthogonal DMRS among cells is not possible even without CS hopping. In this case, the performance of cell-edge UEs will suffer from DMRS interference greatly due to low SINR. The gain of UL CoMP will also be degraded with simultaneous reception of multiple cells PUSCH.

As mentioned above, mandatory CS hopping conflicts with the motivation of DMRS design for inter-cell MU-MIMO in PUSCH. One way to enable this function is to adjust the CS hopping to be configurable. Higher layer signaling or PDCCH signaling can be introduced to disable the function of CS hopping for one UE, if it is scheduled to be multiplexed with UE in neighboring cell. Then CS or even OCC is available to obtain orthogonal DMRS among cells. If the cells belong to different eNBs, backhaul design should be considered to inform the scheduling information or DMRS configuration, similar to that of DL CoMP.
In Rel-10, the DMRS sequence is generated based on cell ID, and group index, sequence index and CS hopping pattern are all tied to the cell ID. This makes it hard to obtain the orthogonal RS sequence among different cells. Hence, a new UE-specific ID can be introduced to associate with or even replace the Cell ID to generate base sequence of DMRS, and then the same base sequence can be easily obtained via configuration of the same RS ID. With UE-specific RS ID, inter-cell and intra-cell MU-MIMO can be flexibly scheduled regardless of the cell IDs. If the communication among cells can be ensured, the cooperative scheduling of multiple cells with UE-specific DMRS base sequence can not only reduce the inter-cell interference, but also improve the resource efficiency, especially for cell-edge UEs. Considering backward compatibility to single cell case, the configuration of Cell ID and UE-specific RS ID can be switched via dynamic indication.
Proposal 4: Orthogonal DMRS among cells should be further studied to ensure performance of cell-edge UEs. Some solutions, e.g. configurable CS hopping or UE-specific base sequence ID, can be considered. Backhaul design is needed for inter-eNB case.
Orthogonal SRS among cells
In [3], link and system level results for UL SU-MIMO with SRS based channel sounding were provided. It’s shown that the SU-MIMO gain in the cell edge is limited due to inter-cell SRS interference or the SRS link budget. In DL CoMP transmission in TDD system, SRS performance will also greatly impact the CoMP gain. Especially for cell-edge UEs which benefit from CoMP gain more significantly, SRS may become a bottleneck of transmission performance. In [4], we provided simulation results to show that with TDM based SRS, the SRS estimation SINR as well as CoMP performance can be greatly improved. Therefore, orthogonal SRS among cells should be considered together with DMRS for cell-edge UEs. As the base sequence of SRS is the same with DMRS, the enhancement for orthogonal DMRS sequence among cells can be reused for SRS, e.g. UE-specific base sequence ID. SRS capacity enhancement is also an efficient approach to obtain orthogonal SRS via TDM or FDM.
Proposal 5: Orthogonal SRS among cells should also be considered. The mechanism for orthogonal DMRS can be reused for sequence orthogonality, and capacity enhancement is also needed for physical resource orthogonality.
3. Conclusions

In this contribution, we discuss some issues for UL RS enhancement in Rel-11. After analyzing of remaining issues in Rel-10 and new enhancement in Rel-11, we propose the following:
Proposal 1: Multi-shot SRS would introduce significant scheduling and specification complexity, and can be considered with low priority in Rel-11.
Proposal 2: frequency hopping can be supported only if it can work efficiently associated with one-shot SRS and without significant specification impact.
Proposal 3: Aperiodic sounding based on non-precoded DMRS is FFS in Rel-11.
Proposal 4: Orthogonal DMRS among cells should be further studied to ensure performance of cell-edge UEs. Some solutions, e.g. configurable CS hopping or UE-specific base sequence ID, can be considered. Backhaul design is needed for inter-site case.
Proposal 5: Orthogonal SRS among cells should also be considered. The mechanism for orthogonal DMRS can be reused for sequence orthogonality, and capacity enhancement is also needed for physical resource orthogonality.
4. References
[1]. R1-100337, “Channel sounding enhancements for LTE-Advanced”, Nokia Siemens Networks, Nokia,  Valencia, Spain, 18th – 22nd January 2010
[2]. R1-103897, “Considerations for dynamic aperiodic SRS”, Huawei, 3GPP Dresden, Germany, 28th June-2nd July, 2010
[3]. R1-100336, “Performance of SRS based channel sounding with uplink SU-MIMO”, Nokia Siemens Networks, Nokia, Valencia, Spain, 18th – 22nd January 2010
[4]. R1-110365 “Simulation Results for the CoMP Phase 1 Evaluations”, CATT, Barcelona, Spain, 9th – 13rd May 2011









_1269329733.unknown

_1369229169.unknown

