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1 Introduction

In RAN#53, a new work item named “Coordinated Multi-Point Operation for LTE” is agreed. One of the aspect need consideration is uplink reference signals for uplink CoMP. 
In RAN1#66bis, agreement on the uplink CoMP contains:

· Potential areas of standard impact in support of UL COMP includes:

· Uplink power control

· Uplink DMRS and SRS

· Uplink control

· Uplink timing

· Impact of legacy UE should be taken into account 

In this contribution, we mainly focus on the uplink reference signal design for support of uplink CoMP, especially for scenario 3 and 4.
2 Discussion

2.1 DMRS
2.1.1 Reason for DMRS enhancement

In R10, intra-cell DMRS orthogonal is paid attention to by most companies to get better orthogonal among UEs or among different antennas of UE. In addition to CS, OCC is introduced to improve the orthogonal, especially for the MU-MIMO UEs. However, with introduction of CoMP for enhancement of cell edge UE performance, inter-cell DMRS orthogonal has become the main scenario for DMRS enhancement. 

· For CoMP scenario 3, the RRHs have their own cell ID which are different from the macro cell ID. According to r10 design, the base sequence is configured cell specifically. For example, in Fig 1, UE1 is at the edge of RRH1, while UE2 is at the edge of RRH2. UE1 is configured a DMRS base sequence according to RRH1’s cell ID; while UE2 is also configured a DMRS base sequence according RRH2’s cell ID. Consequently, the base sequence of UE1 and UE2 are different. Without design of CS and OCC, UE1 and UE2 can get quasi-orthogonal. If the distance between UE1 and UE2 is large enough, the interference because of quasi-orthogonal is marginal; however, if the two UEs are near enough, the interference can not be ignored.
· For CoMP scenario 4, the RRHs share the same cell ID as the macro cell. According the r10 DMRS design, all the UEs in the coverage area of the macro have the common DMRS base sequence. For the reason that the number of UEs covered by the macro will be quite large, which is also the reason for importation of RRHs, the traditional DMRS resources (CS, OCC) will not be enough, because the r10 DMRS design is mainly for uplink SU-MIMO, MU-MIMO in the homogeneous network.
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Fig 1 CoMP hetnet scenario 3/4
2.1.2 Methods for DMRS enhancement
There are several methods to enhance the performance of DMRS:
· Increase the CS;

· Improve the OCC;

· Introduce IFDMA;

· Import UE-specific DMRS parameters configuration;

CS and OCC have been adopted in r10 DMRS. 
There are totally 12 different CSs, and the minimum distance between different CSs is 3 for four transmitting antennas. The more the number of CS, the larger the DMRS capacity, while at the same time, the less the performance, for the reason that the orthogonal of different CSs decreases with the decrease of the distance. So if enhancement of DMRS is based on CS, the degradation of the DMRS performance with improvement of the number of CS needs to be carefully evaluated. Meanwhile, increase the CS need consideration of the backward compatibility, which may lead to hard multiplexing of r10 and r11 UEs.

The length of OCC in the r10 DMRS is 2, which means that there are two kinds of OCCs: (+1,+1) and (+1,-1), and is mainly for the orthogonal of MU-MIMO UEs with different resource allocation bandwidth. Enhancement based on the OCC is mainly by the increase of length of OCC. However, there is only 1 DMRS symbol in a slot, then increase of OCC length means the subframe bundling. For example, if the OCC length is 4, then the continuous four slots(two subframes) need to be allocated to a UE together, which is quite different from the basis principle of resource allocation (PRB based). Meanwhile, to guarantee the performance of length 4 OCC, subframe level sequence group hopping need to be disabled, which although has been implemented in the r10 and also can lead to performance degradation without frequency diversity gain.
IFDMA has been discussed in the r10 stage. For the backward compatibility and introduction of OCC, IFDMA is refused. However, as we have mentioned, the CoMP hetnet scenario needs more orthogonal, while IFDMA has quite well orthogonal with the same bandwidth or different bandwidth among different UEs. About the backward compatibility, SRS has adopted comb for a kind of orthogonal method in r10, so influence to the hardware is little. For the backward compatibility to r10 DMRS, the UE with IFDMA(r11 UE) and the UE without IFDMA(r10 UE) can be multiplexed with the help of OCC, so the backward compatibility can be solved to some extent.
UE-specific DMRS parameters configuration can be combined with all the other enhancement methods. In r10, the DMRS base sequence is configured cell specifically, and the CS and OCC are informed to the UE in a UE-specific manner. With introduction of UE-specific DMRS parameters configuration in r11, the base sequence configuration for the cell edge UE can be set more moderately to get better orthogonal. For example, the cell edge UEs are set the same base sequence with different Css or OCCs or IFDMA combs; while for other UEs in CoMP scenario 3, the DMRS resource can be set cell specifically as what has been done in r10. For CoMP scenario 4, the UEs belonging to different RRHs and faraway enough can also be set different base sequence to compensate the limitation of DMRS resources. In a word, the UE-specific DMRS parameters configuration means that the relationship between the DMRS resource for the UE and the serving cell ID is decoupled.
Proposal 1:
·  Support UE-specific DMRS parameters configuration as well as IFDMA for DMRS enhancement in r11.
2.1.3 Enhancement to the DMRS resource allocation
In this section, the DMRS parameters such as the base sequence, CS, OCC, IFDMA comb are referred to the DMRS resource.

For the cell centre r10 UE, the DMRS resource allocation can be implemented as the r10 spec for backward compatibility; for the cell edge r11 UE, the DMRS resource allocation can consider the various DMRS resources(base sequences, CS, OCC, IFDMA combs) and the DMRS resources allocated to the r10 cell center UE as well. Only the DMRS resource not affecting the operation of the r10 UE’s performance can be allocated the r11 cell edge UE. 
In r10, the base sequence is cell specific, so the serving cell only needs to inform the UE the CS and OCC. The CS and OCC are jointly indicated with 3 bits in PDCCH. In r10, the comb of SRS is configured by higher layers. For the indication of r11 DMRS resource, the CS and OCC can be indicated by PDCCH as in r10. Considered that the base sequence is a quite long-term parameter and need not to change frequently, so it can be configured by RRC signaling. For the IFDMA comb, there can also be two kinds of methods:
· Method 1: To indicate the IFDMA comb by high layers, which are the same as SRS, and IFDMA comb and SRS can be jointly configured by RRC signaling. This method can save physical layer signaling cost, while the disadvantage is the loss of flexibility;

· Method 2: To indicate the IFDMA comb by PDCCH, as that for CS and OCC. This method is more flexible. To indicate the comb, an additional bit can be added to the PDCCH, and also the comb can be implicitly indicated by the 3 bits CS, as that for OCC. Which method to adopt needs tradeoff of performance and overhead.

Considered that the ePDCCH design and also some design principle of the aperiodic SRS, we slightly prefer method 2 with an additional bit in the PDCCH to indicate the IFDMA comb.
Proposal 2:

· The base sequence can be configured by high layers in a UE-specific manner.
· Add a bit in the PDCCH to indicate the IFDMA comb.
For the CoMP scenario, especially the JR scheme, the cell edge UEs may transmit to several points. For example, UE1 is at the cell center of RRH1, UE2 is at the cell edge of RRH1 and RRH2, and transmit to both RRH1 and RRH2, in this scenario, although UE1 is at the center, if UE1 and UE2 are co scheduled, the DMRS resource allocation of UE2 will influence the DMRS resource allocation of UE1, even when the DMRS resource of UE2 is allocated by RRH2. To solve the problem, for a specific RRH, the DMRS resource allocation to a specific UE should consider all the co scheduled UE transmit to the RRH. In the pervious example, the RRH1 should consider the DMRS resource allocation of the connected UE2 to itself. While this is an implementation issue, not the standardization works.
2.2 SRS

2.2.1 SRS in r10

The ZC sequence for uplink references is:
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The sequence for uplink SRS is :
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Where the CS parameter is calculated as:
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where 
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is configured by high layers, which decides the starting position offset. And then the granularity of 
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is decided by the antenna ports number, then the total angle 
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,which finally decides the offset of the ZC sequence.
About the comb distribution, it is configured by higher layers, and is related to the starting frequency position for transmission of SRS.
2.2.2 Enhancement to SRS in r11
In r11, with the support of more activated CCs at the same time, the UE may need to sounding the channel for multiple CCs at a specific time, which call a high demand of the SRS resources; Meanwhile, the introduction of CoMP hetnet scenario, especially CoMP scenario 4, which needs to support more UEs at the same time as the demand for DMRS resources, also need to allocate more SRS resources at the same time.
One of the candidates for SRS enhancement is improvement of CS and comb. For present specification, the CS of SRS is divided by 8; consequently, if the divisor is enhanced to multiple of 8, such as 16 or 24, the enhanced SRS can get good backward compatibility with previous version. About comb, the method to get more comb resource is by improvement of the number of combs, if the number is multiple of 2, there is no backward compatibility problem. However, the more number of CS and comb, the worse the distance of different CS and combs. Improvement of the capacity always leads to the degradation of the performance, so it needs careful performance evaluation. To our intuition, for the UEs with large system bandwidth, there can be more combs or CS allocated, and vice versa.
Meanwhile, the mechanism of UE-specific configuration for DMRS resource can work well in the SRS side, so introduce UE-specific configuration also for SRS resource can make the system work more flexible and efficient.

Proposal 3:
·  SRS can be enhanced by allocate more CS and comb in a UE-specific manner.
In late R10 stage, frequency hopping and multi-shot A-SRS have been proposed to get better performance of A-SRS, however, there is not any agreement for the limited time left. Aperiodic SRS can improve the transmission opportunity of sounding and can offer more realistic channel state information for the eNB scheduling. In r11, not only we need to increase the SRS available for both the type 0 SRS and aperiodic SRS, but also we need to make the mechanism existing more perfect, for example aperiodic SRS. There have been much discussion about the frequency hopping and multi-shot SRS, they can effectively improve the opportunity of triggering of A-SRS and the performance of wideband SRS transmission, and as these two characteristics have been supported for type0 SRS, so there will be little standardization work and almost need none hardware enhancement to support these two attributes, so in our opinion, these two attributes also need to be supported for A-SRS.

Proposal 4:
· Support frequency hopping and multi-shot A-SRS for SRS enhancement.

3 Conclusion

In this contribution, we analyzed the problem related to DMRS and SRS enhancement in R11, our proposals are as follows:
Proposal 1:

·  Support UE-specific DMRS parameters configuration as well as IFDMA for DMRS enhancement in r11.
Proposal 2:

· The base sequence can be configured by high layers in a UE-specific manner.
· Add a bit in the PDCCH to indicate the IFDMA comb.
Proposal 3: 
· SRS can be enhanced by allocate more CS and comb, which is more suitable for the UEs with large system bandwidth, and need careful performance evaluation.

Proposal 4: 
· Support frequency hopping and multi-shot A-SRS for SRS enhancement.
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