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1. Introduction
Enhancement for UL RS had been discussed for a long time in Rel-10 and Rel-11 SI in the group of CoMP and UL MIMO. In MIMO scenarios, only single point is assumed for UL transmission of a UE, and the study emphasis aims at the performance of single cell reception. When it comes to UL CoMP scenarios, the requirement to UL RS may be increased with multiple points for UL transmission. In the RAN#53meeting, it was agreed to specify the schemes of UL RS enhancement which may be beneficial for UL CoMP operation in homogenous and heterogeneous configurations, and the following was included in WID of UL CoMP [1]:
·    Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception
We represent our views on UL RS in this contribution with considerations on both UL DMRS and SRS. 
2. Discussion
Inter-cell interference has always been a problem for UL transmission, while in Rel-11 CoMP scenarios the issue is extended to inter-point interference. In UL CoMP transmission, the signal from a UE may be received and estimated in multiple points, while in the reception points signal/channel from other UEs may also be received on the same or overlapped resource. If all signals of these UEs connecting with different points need to be estimated and detected, the inter-point interference should be mitigated to a low level. On the other hand, DL CoMP transmission based on channel reciprocity also needs UL CSI to multiple points, and SRS from one CoMP UE will be estimated at multiple points. Hence, UL RS enhancement should be considered to reduce inter-point interference and increase RS capacity, and the detail is discussed below.
2.1. Orthogonal DMRS among cells
In Rel-10, the DMRS sequence is generated based on cell ID, and also the corresponding group index, sequence index and CS hopping pattern are all tied to the cell ID. By group hopping disable and sequence shift configuration, 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, as mentioned in [2], with the CS hopping which is always enabled for each cell, the inter-cell DMRS orthonogility will still be broken with randomized CS in each cell. In this case, the performance of cell-edge UEs will suffer from DMRS interference greatly. The gain of UL CoMP will also be degraded with simultaneous reception of multiple cells PUSCH. To obtain orthogonal DMRS sequences in multiple cells, the following schemes can be considered:
Alt.1 Configurable CS hopping for CS orthogonality
As mentioned above, mandatory CS hopping conflicts with the motivation of DMRS design for inter-cell MU-MIMO in PUSCH. One way to enable CS orthogonality is to adjust the CS hopping to be UE-specific 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. Nevertheless, even when CS hopping is configurable for a UE, this type of inter-cell UEs sharing the same resources may still suffer from significant inter-cell interference applying UL CoMP. The DMRS base sequences of multiplexing cells should be configured to be the same, and it is hard to schedule all the UEs in multiple cells to be orthogonal all the time. Once the DMRS resource is not enough, the interference will be very large.
Alt.2 Reusing OCC for inter-cell DMRS multiplexing
In Rel-10, OCC was introduced for MU-MIMO and high order SU-MIMO. Since the UEs with different OCCs are orthogonal whether the sequences of the multiplexing UEs are the same or not, OCC can also be used for UEs multiplexing among cells. No additional specification impact is needed for that, but the multiplexing cells are limited to 2 due to the length of OCC. The application scenario is also limited to low speed case.
Alt.3 UE-specific base sequence ID
In Rel-10, cell-specific DMRS sequence makes it hard to obtain the orthogonal RS sequence among different cells. In the past meeting, UE-specific DMRS sequence had been agreed for DL DMRS for this purpose, and similar method can also be considered for UL DMRS. An UE-specific manner can be introduced to generate base sequence of DMRS for UL CoMP UEs or cell-edge UEs. The same base sequence can be easily obtained via configuration of the same RS ID for UEs in different cells. The hopping pattern of group/sequence hopping or CS hopping can also be generated by this ID to avoid loss in interference randomization caused by hopping disabling. Additional higher layer signaling and/or PDCCH signaling is needed to indicate RS ID for each UE. The signaling design for DL DMRS enhancement can also be used for reference here. For simplification of specification, the same RS ID can be configured to a UE group whose UEs are likely to be multiplexed together. Typically two application scenarios are described below:
· In scenario 3 with Macro and multiple RRH-cells, the cell-edge UEs of different cells can be scheduled to a group with the same RS ID, e.g. cell ID of one of cooperated cells in UL. Those UEs can be scheduled together with orthogonal DMRS. The inter-cell interference can be reduced compared to the case that they are scheduled in individual cells.
· In scenario 4, since the scheduled UEs in UL transmission may increase greatly due to high density of UEs, the DMRS resource may be short in a cell with multiple RRHs, although space separation can mitigate some inter-point interference. Then UEs in the cell can be divided into UE groups with different RS IDs. The orthogonality within a group is still maintained while different sequence groups are used for different UE groups.
Among the above schemes, UE-specific base sequence ID can provide best flexibility for UEs multiplexing among multiple cells. Especially for UL CoMP UEs from different cells which may be detected in multiple points, the orthogonality can provide more gain for UL CoMP. In case of intra-site MU-MIMO, configurable CS hopping can also provide inter-cell orthogonality if there are enough DMRS resources within a site for cells multiplexing.
Proposal 1: UE-specific base sequence ID can be introduced for orthogonal DMRS among cells to improve performance of UL CoMP UEs and/or cell-edge UEs. Configurable CS hopping can also be considered.
2.2. 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 and the SRS link budget in large cell. In UL CoMP scenarios, SRS should be further estimated in multiple points to obtain the multiple UL CSI for UEs scheduling, e.g. selection of reception points and link adaption. The interference among points should be reduced for these scenarios otherwise the gain of UL CoMP will be degraded.
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 points should be considered together with DMRS for both UL and DL CoMP. 
Cooperative SRS scheduling among multiple points would be beneficial to reduce the interference by scheduling colliding SRS in different time-frequency/code resources. But the SRS resources may be a problem if SRS from multiple cells is scheduled together. Since SRS base sequence is generated according to the cell ID of a UE, SRS of UEs with different cell IDs cannot be differentiated via cyclic shift at the same time-frequency resource, which leads to great scheduling restriction to SRS multiplexing. As the base sequence of SRS is similar to that of DMRS, the enhancement for orthogonal DMRS sequence among cells can be reused for SRS if possible. Typically, UE-specific RS ID can also be considered to multiplex SRS from different cells. If the same enhancement scheme is used for SRS and DMRS, the specification impact can be minimized.
Proposal 2: Orthogonal SRS among cells should also be considered and the mechanism of DMRS can be reused, e.g. UE-specific base sequence ID.

2.3. Enhancement on SRS capacity
For UL CoMP and DL CoMP in all the CoMP scenarios, which require UL CSI in multiple points, for keeping orthogonality, significant requirement to SRS overhead will raise compared with non-CoMP system. Especially in Scenario 4, UEs with higher distribution density will be scheduled by network for UL and DL transmission with multiple RRHs in a cell. It was proposed by many companies to improve the PDCCH capacity to satisfy the increased served UEs in this scenario. With the same motivation, the enhancement in SRS capacity should also be considered. More scheduled UEs for UL or DL transmission require more SRS resource for UL sounding, especially when channel reciprocity is used for DL. 

In [5], a simple and efficient solution to improve SRS multiplexing resources by extended comb and CS was proposed. The SRS capacity can be increased several-fold via using more cyclic shifts or combs. It’s shown that this type of enhancement will hardly impact the performance of UL MIMO transmission while SRS capacity is well increased. Considering only channel covariance matrix/channel eigen-vector of UL channel is adopted for reciprocity based DL transmission, this enhancement is expected to also work well for DL transmission. Hence, we propose to study extended comb and CS in Rel-11, and other enhancements can also be considered if the corresponding specification impact is acceptable.
Proposal 3: Enhancement of SRS capacity is needed for both MIMO and CoMP transmission, and extended Comb and CS can be good candidates.
3. Conclusions

In this contribution, we discuss some issues for UL RS enhancement in Rel-11. On one hand, orthogonal DMRS and SRS among cells can reduce the inter-cell interference and improve the performance of UL MIMO/CoMP and DL MIMO/CoMP; on the other hand, new application scenarios and transmission schemes call for larger RS capacity. To summarize, we propose the following:
Proposal 1: UE-specific base sequence ID can be introduced for orthogonal DMRS among cells to improve performance of UL CoMP UEs and/or cell-edge UEs. Configurable CS hopping can also be considered.
Proposal 2: Orthogonal SRS among cells should also be considered and the mechanism of DMRS can be reused, e.g. UE-specific base sequence ID.
Proposal 3: Enhancement of SRS capacity is needed for both MIMO and CoMP transmission, and extended Comb and CS can be good candidates.
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