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1. Introduction
To support UL/DL CoMP transmission, some enhancements on UL RS had been introduced. For PUSCH DMRS and PUCCH, UE-specific base sequence and cycle shift hopping were agreed for higher scheduling flexibility and multiplexing capability. SRS enhancement, which is also important for both UL transmission and DL transmission, has some common concerns as those in UL DMRS discussion. In this contribution, we present our views on the motivation and methods for SRS enhancement in a UE-specific manner.
2. Discussion on SRS enhancement

2.1. UE-specific SRS sequence configuration
For UL CoMP, SRS should be received in multiple points to obtain 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. For DL CoMP transmission especially in TDD system, SRS detection in multiple points also greatly impacts the CoMP gain. Especially for cell-edge UEs which benefit from CoMP transmission significantly, inaccurate SRS detection may become a bottleneck of performance. In [1], we provided simulation results to show that with TDM based SRS among cells, the SINR of SRS estimation as well as CoMP gain can be greatly improved. Therefore, orthogonal SRS transmission among multiple cells should be sought similar to UL DMRS for both UL and DL CoMP.
Cooperative SRS scheduling among multiple cells is beneficial to reduce the SRS 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 multiplexed via only TDM/FDM. In [2][3], UE-specific SRS base sequence is proposed by many companies to replace the base sequence from the cell ID for additional multiplexing flexibility via CDM for SRS from different cells. In Figure 1, it is shown that SRS from different cells can be multiplexed via configuration of different cycle shift and the same SRS sequence ID, as long as there are spare code resources within a cell. Although total SRS resources do not change across the whole network, the better flexibility and performance can be achieved by CoMP user group. 
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Figure.1 SRS transmission in Scenario 3 with cell-specific (left) or UE-specific (right) sequence ID

Since UE-specific sequence ID had been supported for PUSCH and PUCCH, the specification effort of similar enhancement to SRS is tiny. A virtual cell ID for SRS can be added to each SRS parameter set for periodic SRS and/or aperiodic SRS by RRC signaling. For aperiodic SRS triggered by Format 4, if different IDs are configured in different parameter sets, then the ID can be dynamically selected for further scheduling flexibility. Considering different multiplexing cases of SRS and PUSCH/PUCCH, the virtual ID for SRS should be independently configured from that of PUSCH DMRS/PUCCH.
Proposal 1: UE-specific base sequence should be supported to obtain orthogonal SRS among cells.
Proposal 2: SRS sequence ID should be configured independently from sequence IDs of PUSCH/PUCCH.
2.2. On SRS subframe configuration
As mentioned above, SRS may be detected in multiple points for UL CoMP or DL CoMP. In CoMP scenario 3, UE may also transmit SRS toward a cell which is not the serving cell but is nearer than the serving cell to UE. Since the SRS subframe for PUSCH/PUCCH rate matching is cell-specific configuration, this asymmetric transmission may lead to interference between such CoMP UE and the conventional UEs in the reception cell. An example is shown in Figure 1. If the Macro cell and RRH cell have different configurations of SRS subframe, the Macro UE2 and RRH UE1 will suffer from the interference between PUSCH of one UE and SRS of the other UE. The enhancement of UE-specific SRS sequence ID is helpless in this case.
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Figure.2 Example of collided SRS subframe between Macro cell and RRH cell
On this issue, a possible solution is introducing UE-specific or RP-specific subframe configuration on top of cell-specific subframe configuration as mentioned in [4]. The SRS subframe as well as the SRS sequence ID can be configured for each UE according to the reception point instead of serving cell ID. For example, in Figure 1, the Macro UE2 can be configured with the same SRS subframe and sequence ID as the UEs in RRH cell to avoid the interference among them. However, for some cell-edge UEs whose SRS is likely to be detected in multiple points, e.g. Macro UE2 and RRH UE1, the SRS detection performance in Macro cell will be degraded by the Macro UEs. Also, this method is unavailable for legacy UEs, some of which may also be UL CoMP UEs in the extended region. Hence, it is not a good solution for interference issue.
To fully solve the SRS interference problem for different types of UE with minimal specification impact, an implementation solution can be considered via appropriate configuration of cell-specific SRS subframe. As the example shown in Figure 3, the SRS transmission subframes of non-CoMP RRH UEs and other UEs (including Macro UEs and CoMP RRH UEs) can be separate. The SRS transmission subframe of both cells can be configured to be the cell-specific SRS subframe of RRH cell. With help of UE-specific sequence ID, the SRS interference problem in Figure 2 can be fully solved. Though this method will lead to lager SRS resource overhead in RRH cell, it can be a good tradeoff between SRS resource and SRS interference compared with full TDM/FDM between two cells. Other better solutions are also expected and can be further studied in Rel-12. 
[image: image4.png]Non-CoMP Macro UE
CoMP Macro UE
CoMP(RI1) RRH UE — Macro ID
1
[T T T T T SRS subframe in Macro el

| | T Legscy SRS subframe n RRI el

Non-CoMP RRH UE =5 R 1D





Figure.3 Interference avoidance via cell-specific subframe configuration and UE-specific sequence ID
Proposal 3: UE-specific SRS subframe configuration for rate matching is not supported in Rel-11.
3. Conclusions

More attentions should be paid to SRS enhancement since SRS plays an important role in both UL and DL transmission. In this contribution, we provide some suggestions for SRS enhancement on two primary issues discussed in RAN1. From the aspects UL CoMP and reciprocity based DL CoMP, we propose:

· UE-specific base sequence should be supported to obtain orthogonal SRS among cells.
· SRS sequence ID should be configured independently from sequence IDs of PUSCH/PUCCH.
· UE-specific SRS subframe configuration for rate matching is not supported in Rel-11.
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